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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• Equal parts of mule dung and agro waste 
(1:1, wt/wt) produced good quality 
compost. 

• Isolated indigenous microbes had pro-
tease, amylase, cellulase and lipase 
activities. 

• T2 final compost had pH 7.3, C/N ratio 
(10:1) after 90 days of aerobic 
degradation. 

• Compost was non-phytotoxic with good 
manural stability and maturity index. 

• Radish growth using T2 compost had 
good chlorophyll, vitamins and mineral 
values.  

A R T I C L E  I N F O   

Handling Editor: Derek Muir  

Keywords: 
Agro-waste 
Animal manure 
Biodegradation 
Manural stability 
Raphanus sativus 

A B S T R A C T   

In this study agro-waste (Agwt) was aerobically composted using cow dung (CD) and mule dung (MD). Totally six 
different sets of compost treatments were prepared, as T1 (Agwt + CD, 1:1), T2 (Agwt + MD, 1:1), T3 (Agwt +
CD, 1:3), T4 (Agwt + MD, 1:3), T5 (Agwt + CD, 3:1) and T6 (Agwt + MD, 3:1) in individual containers. All the 
compost treatments were degraded for 90 days. The organic wastes in the treatment containers were maintained 
with proper moisture level. All the final composts reached good manural stability and maturity index after 90 
days. Among the six treatments, the T2 with Agwt + MD in 1:1 proportion attained a 10:1 C/N ratio and a near 
neutral pH (7.3). Indigenous microbes isolated and identified from the T2 compost sample showed protease, 
cellulase, amylase and lipase activities. The germination of Raphanus sativus L. seeds and vigorous plant growth 
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parameters confirmed the non-pathogenic phytotoxic-free nature of finished composts. The radish crops supplied 
with T2 compost showed healthy tuber growth parameters (16.6 cm width, 35.6 cm length) compared with other 
treatments. The results from the experiments established that, the composts derived are eco-friendly amendment 
to plants and it has also improved the soil fertility due to its stability and maturity index. Thus, the present study 
concluded that composting agricultural crops waste with animal manure, especially mule dung promoted 
excellent biodegradation of organic complexes. It is a nature friendly solution for the management of solid waste 
such as agro-wastes utilizing mule dung.   

1. Introduction 

Management of agro-wastes generated from agricultural practices 
has emerged as a significant global problem. Similarly, handling raw 
animal manure in a hygienic and in an eco-friendly process appears as a 
tedious process too. Composting technique is applied to convert organic 
waste into a splendidly decomposed component that improves the bio-
logical and physical nature of the recipient soil (Gautam et al., 2010). It 
is also a good option for recurring nutrients from croplands (Ali et al., 
2012). In India, approximately 700 million tons of organic waste ma-
terials per year are disposed unsafely in the respective surrounding 
environment (Alfy et al., 2010). Yet, the countless indigenous soil 
microflora converts these biodegradable wastes into available nutrients 
to plants through their vigorous metabolic and enzymatic activities. The 
accessible organic nutrients improve the soil fertility, due to its good C:N 
content, pH stability, and also help in maintaining the ecological bal-
ance in a nature friendly manner (Dissara and Srimuang, 2010; Nov-
inscak et al., 2008). So, there is an emergent need for cleaner and safe 
production methods of organic manures from biowastes (Ravindran 
et al., 2021). 

Indeed, composting is an exothermic biological oxidation process 
widely accepted to recycle agricultural biomass residues under aerobic 
conditions. It transforms waste materials into a high quality fertilizer. 
Under stabilization, it is rich in organic matter, humic substance and 
nutrients (Insam and de Bertoldi, 2007). Thus the compost can be used 
as an effective soil conditioner. The microbes (bacteria, fungi and acti-
nomycetes) degrade and break the complex organic matters into humus 
rich substances (Zeng et al., 2011). Waste stream comprising of food and 
agricultural wastes, cattle manure, paper and paper industry related 
byproducts, municipal and domestic organic waste including sludge are 
the potential sources of organic matter and play a key role in achieving 
sustainability in agricultural production, as all these provide good 
source of nutrients to improve soil productivity (Haq et al., 2016). The 
organic fertilizers have different plant residues, bio-oxidant decompo-
sition minerals and primarily enhancer materials. The process of com-
posting is reported that the CO2 level rises in the initial stage as 
temperature elevates. The organic waste materials are reduced by 
mesophilic microbes as a result of protein and carbohydrate degrada-
tion. Subsequently, the increased temperature (45 ◦C–70 ◦C) permits the 
activity of the thermophiles over the degrading organic substances 
(Pedro et al., 2003; Schloss et al., 2003). During this stage, the patho-
genic microbes get degraded. Finally at third stage, after saturation of 
decomposed materials the temperature in the compost piles declines. 
The compost transformation process involves the succession of special-
ized microbial communities that expresses a wide array of enzymes 
responsible for the changes in the physico-chemical properties of the 
substrate (Mondini et al., 2004). Monitoring the presence and activities 
of specific intracellular/extracellular enzymes during composting, pro-
vide great insights into the development of the waste biodegradation 
processes (Vargas-García et al., 2010). 

Process of seed germination in plant life cycle is more significant and 
delicate (Ahmed, 2006). Acclimatizing a mature, non-dormant seed to 
an essential growth condition accelerated the physiological develop-
ment leading to seed germination. Seed germination studies can be 
carried out under suitable substrate with experimental setup under 
observation for a period of time and growth. The nutrients from different 

sources of livestock wastes, cattle dung, poultry droppings, pig manure, 
and other biowastes can be recovered through different composting 
methods in a greener way to mitigate biowaste accumulation in the 
environment and green house gas emissions (Jayakumar et al., 2011; 
Rini et al., 2020; Chung et al., 2021). Importantly, the end products 
(composts) of biowaste stabilization are capable of improving crop 
growth, yield, and soil fertility in addition to reduced phytotoxicity 
(Ravindran et al., 2017; Siles-Castellano et al., 2020; Karmegam et al., 
2021). Compost derived using plant sources usually constitutes low 
nutrient concentration, while the compost obtained by combining ani-
mal waste (dung/urine) along with plant sources has higher nutrient 
contents. Though cattle dung has been the major amendment material 
for biowaste composting, the use of mule dung in composting of 
agro-residues is not addressed. Hence, the present study was initiated 
with the aim to degrade the agricultural waste biomass accumulated in 
cultivation lands of Kodaikanal tribal hills, South India, along with mule 
dung and cow dung and analyzed for its microbiome. Also the study 
focused on the testing of phytotoxicity, maturity and stability index of 
prepared compost by growing Raphanus sativus L. crop and its yield 
quantification. This viewpoint could be substituted as effective and 
efficient strategies in the management of waste produced from 
agro-waste and dairy farm of Kodaikanal tribal hills, South India. 

2. Materials and methods 

2.1. Raw materials collected and used for the compost preparation 

The raw materials used in this study, such as, agro-wastes and animal 
manures (cow dung: CD; Mule dung: MD) were freshly collected from 
the hills of Kodaikanal tribal villages. The non-commercial, poor graded 
vegetables that were segregated and left behind as waste biomass by the 
farmers in the agricultural fields, after crop harvest were utilized. The 
vegetables namely beans, cabbage, carrots, cauliflower, potatoes and 
leaves of radish were collected and collectively designated as agro- 
wastes. The animal manures, specifically CD and MD were collected 
from a dairy farm and cattle shed located in close proximity to the study 
area. Every part of the gathered raw-materials were used and prepared 
for composting process on the same day of collection. All the vegetable 
wastes were chopped to small pieces, approximately 3–5 cm size. The 
CD and MD were kept ready to prepare the composting treatments. 

2.2. Preparation of compost substrates 

Collected organic wastes were amended and blended into six 
different combinations with varied proportions. The treatments were 
prepared as T1 (Agwt + CD, 1:1), T2 (Agwt + MD, 1:1), T3 (Agwt + CD, 
1:3), T4 (Agwt + MD, 1:3), T5 (Agwt + CD, 3:1) and T6 (Agwt + MD, 
3:1). Sterile plastic containers were used to decompose the wastes ma-
terials aerobically. The moisture content in all the treatments was 
maintained between 40 and 50%. The composting treatments were 
maintained in triplicates and the process of composting was carried out 
for 90 days. 

2.3. Compost characteristics 

The compost samples degraded after 90 days were analyzed for its 
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physico-chemical and manurial stability. The parameters such as pH, 
EC, total organic matter (TOM, %), total Kjeldahl nitrogen (TKN, %), 
total phosphorus (TP, %) and total potassium (TK, %). The TOC (total 
organic carbon) was analyzed following standard available protocols 
(Walkley and Black, 1934). Flame photometric method (Manohar, 
2013) was adopted for the estimation of TK contents. The TKN content 
was estimated by acid digestion (HClO4, HNO3, H2SO4) followed by 
Kjeldahl procedure (Bremner, 1960). The contents of TP was calculated 
by Colorimetric method (American Public Health Association, 2006). 

2.4. Isolation of bacteria and their characterization 

The bacterial colonies isolated from the samples were purified 
through streak plate technique (Dye et al., 1974). The purified bacterial 
isolates were kept in slants containing nutrient agar medium. The 
phenotypic and cultural characteristics of the bacterial isolates were 
performed using standard procedures (Kandler, 1986). The bacterial 
isolates were tested for the production of amylase, protease, lipase and 
cellulase enzymes. Presence of amylase was confirmed using the meth-
odology described by (Haddaoui et al., 1999). For this, microorganisms 
were grown on starch agar and after incubation; they were flooded with 
iodine for the formation of a zone which indicates presence of amylase. 
Casein hydrolysis assay was done to detect protease producing strains 
based on the method by (Vijayaraghavan and Vincent, 2013). Congo-red 
assay was done to identify the production of cellulase in the isolated 
bacteria. This was done by the standard protocol formulated by (Hen-
dricks et al., 1995). Lipase producing bacteria produced hydrolysis 
zones in tributyrin agar medium (Lakshmi Narasu et al., 2010). 

2.5. Effect of composts on Raphanus sativus 

Phytotoxicity test was conducted for all the final composts obtained. 
A single set of commercial chemical fertilizer (FC) was also tested for its 
impact on Raphanus sativus. The plants were grown in field plots. The 
control plant (F0) was not provided with any additional nutrient sub-
stance for the growth enhancement, apart from water. The experimental 
plants (F1, F2, F3 and F4) were supplemented with composted (T1, T2, 
T3 and T4) samples respectively for the field assay. The test plots F1, F2, 
F3 and F4 were provided with 100 g of T1, T2, T3 and T4 compost 
samples respectively, before sowing the seeds on experimental field 
plots. Similarly, 100 g of chemical fertilizer was applied to FC test plot. 
Starting from seedling till development and growth, significant param-
eters, viz., seed germination efficiency, height (stem and root), weight 
(fresh and dry), leaf area and number of leaves per plant were studied to 
analyze the manurial efficiency of the composts. Seeds of the plant 
Raphanus sativus were sown in 18 rows in triplicate for each individual 
treatments, 15 cm long, 1.5 m and 1 m wide, between 10 seeds on the 
course. The growth and yield performance of Raphanus sativus using 
chemical fertilizer was determined by procedures reported in past re-
searches (Politud, 2016; Priyanka et al., 2018). The leaves of the radish 
plants were estimated for the total contents of chlorophyll using 80% 
acetone. The optical density was read using UV double beam spec-
trometer (Model: Systronics, 2202) at 645 and 663 nm for the leaf 
samples on the 30th, 60th, and 90th, days and the final values are 
expressed in mg/g (Li et al., 2018). 

2.6. Estimation of nutritional and metal elements in Raphanus sativus 

The radish roots grown in plots (F0, F1, F2 and FC) were tested for 
the accumulation of metals in their matured tissues. The plant tissues 
were subjected to centrifugation for 10 min at 15,000 rpm then filtered 
followed by suspension of particles. The residues obtained was dried and 
filtered. The weight of the mixture was measured and the amount of 
solubilized metal was estimated by means of gravimetric method and 
the metal concentration in digestate was gathered following filtration 
(Das and Ting, 2017). The micronutrients (Zn, Fe, Mn, and Cu) and 

macronutrients (N, P, K, Mg, Na and Ca) and organic matter in Raphanus 
sativus. grown using compost (T1 and T2) were determined by standard 
procedures. The total phosphorous was estimated using by the method 
described by Jackson (1973). The TOM and TKN were estimated as per 
the methods described in the compost analysis method. The parameters 
Na, Ca and Mg were subjected to widely use titrimetric chemical 
method. The S content was identified using the automatic elemental 
analyzer, while that of K, Fe, Zn, Cu and Mn were quantified using the 
wet digestion based on concentrate of H2SO4/H2O2 (Lowther, 2008). 
The contents of TK was determined on flame photometer and the con-
tents of Fe, Cu, Mn and Zn were analyzed by the method adopted by 
(Manohar, 2013) using atomic absorption spectrophotometer (Thermo 
Fisher, Model: iCE3400AAS). The content of water soluble vitamins B 
complex and C were quantified by Datta et al. (2019) method. 

2.7. Statistical interpretations 

The results obtained in the study are expressed as average of tripli-
cate values of the conducted experiments. The treatments were carried 
out in a factorial in a completely randomized block design. The exper-
imental data results were computed with two-way analysis of variance 
(Two-way ANOVA) by P < 0.05 significance level. 

3. Results and discussion 

3.1. Characteristics of compost 

The physico-chemical characterization of all the control treatments 
and the test treatments were analyzed. Table 1 represents the results of 
all control treatments such as, Agwt, CD and MD. The pH of all the 
control sets fell under alkaline condition with 8.40 (Agwt), 8.10 (CD) 
and 8.50 (MD). Appearance of alkalinity in the compost sets was due to 
microbial interactions and ammonification of the raw materials along 
with its corresponding N, P and K concentrations. The electrical con-
ductivity of the raw materials was 486.58 μS/cm, 472.10 μS/cm and 
480.40 μS/cm for Agwt, CD and MD respectively. The compost stability 
and quality rely on the nature of its raw materials (Benito et al., 2003; 
Ranalli et al., 2007; Wang et al., 2004). In the composting process, 
different parameters are to be analyzed to determine the maturity and 
stability of the compost (Pan et al., 2011). Agricultural wastes, when 
compared with other materials, involve greater content of air and less 
capacity of retention of water (Iris Estévez-Schwarz et al., 2012). The 
agriculture waste products revealed higher content of almost all pa-
rameters such as TK, TOM, TN, TP and C/N ratio when compared with 
other raw materials because of the high percentage of organic material. 
The concentration of TK was 0.79% (Agwt), 1.05% (CD) and 1.18% 
(MD). The TN (%) was 0.73, 1.23 and 1.15 for Agwt, CD and MD 
respectively. The organic carbon content was 47.56% (Agwt), 32.14% 
(CD) and 46.45% (MD). The C/N ratio has reduced in the final compost 
thereby improving the productivity of the plant. These parameters were 
stable even after formation of compost thereby improving the growth 
and nutrition of Raphanus sativus with no side effects. 

Table 1 
Physical and chemical characterization of raw materials used for composting.  

Parameters Agriculture waste Cow dung Mule dung 

pH 8.40 8.10 8.50 
EC (μS/cm) 486.58 472.10 480.40 
TKN (%) 0.79 1.05 1.18 
TOC (%) 47.56 32.14 46.45 
TOM (%) 68.75 54.90 60.61 
TP (%) 0.46 0.83 0.65 
TK (%) 0.73 1.23 1.15 
TN (%) 0.32 1.06 0.94 
C/N ratio 60.20 30.61 39.36 
C/P ratio 103.39 38.72 71.46  
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Fig. 1. Physico-chemical characterization of initial and final composts: (A) pH, (B) Electrical conductivity, (C) Alkalinity, (D) Total organic matter content (TOM), 
(E) Total organic carbon (TOC), (F) C/N ratio, (G) Total Kjeldahl nitrogen (TKN) and (H) Total phosphorus. Values are mean ± SD (error bars). T1 = Agwt + CD (1:1); 
T2 = Agwt + MD (1:1); T3 = Agwt + CD (1:3), T4 = Agwt + MD (1:3); T5 = Agwt + CD (3:1); T6 = Agwt + MD (3:1); Agwt-Agricultural waste, CD - Cow dung, MD - 
Mule dung. 
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The physical and chemical features of the compost obtained through 
mixing of Agwt, CD and MD in 6 different ratios were shown in Fig. 1 (A- 
H). Among all the six treatment compost sets T3 (8.1) and T4 (8) had 
alkaline pH, T1, T2, T3 and T6 attained near neutral pH. The alkalinity 
in the T4 and T4 composts were formed by ammonification of blended 
raw wastes. The near neutral condition of compost T1, T2, T3 and T6 
was due to the process of acidification by the acidic bacteria and 
degradation of organic substances. The TK contents in the final composts 
were 0.31 (T1), 1.39 (T2), 1.15 (T3), 2.13 (T4), 0.63 (T5) and 1.26% 
(T6). The total organic nitrogen is estimated as total nitrogen minus 
inorganic nitrogen. In general, > 95% of total compost nitrogen 
organically bound nitrogen. Completely decomposed materials during 
composting reach a stable C:N ratio between 10 and 15 while the 
composts made with woody materials usually have higher C:N ratios 
(above 20). The composts with broad range of C/N ratio may increase 
the nitrogen fertilizer requirement when applied to soil. Composts with 
low C/N ratio (<10) supply a considerable amount of plant available 
nitrogen in short period (Sullivan et al., 2018). The increase in potas-
sium concentration in each compost sets is due to the assimilation and 
immobilization of potassium by microorganisms (Sharma et al., 2017). 
The potassium concentrations from the initial mixture were increased in 
the final phase of composting. Our results also support this study where 

the well-composted final compost showed much lesser C: N ratio. The 
final compost shows good physical properties than the initial compost. 

3.2. Bacterial strains and characterization 

Microbial counting analysis is important for certain applications. 
However, the biology of compost is very diverse, and when compost is 
applied to the soil, the organisms in the compost can be short-lived. 
Although these tests are of limited use in most fields of agriculture, 
controlled experiments to test the relationship between microbial test 
results and crop growth have not been performed (Dan M. Sullivan et al., 
2018). Samples taken from a mixture of Agwt + MD (1:1) were exam-
ined to calculate the total microbial load of bacteria and 10− 4 dilutions 
were distributed in vessels ranging from 60.5 × 10− 4 to 175 × 10− 4 

CFU/ml, with the lowest concentration observed at 10− 6 dilutions 
ranging from 23.5 × 10− 6 to 80.5 × 10− 6 CFU/ml. The isolated strains 
such as Agmd I, Agmd II and Agmd IV were Gram positive primers, and 
Agmd III was Gram negative for rods and had endogenous spore for-
mation. The indigenous microbes capably transformed insoluble organic 
matter into soluble complex easily absorbed by the plant roots. The 
microbes effectively survived on the carbon sources applied through the 
compost and improved the soil condition. The microbial colonies of the 

Fig. 2. Enzyme activities of isolates from agricultural waste with mule dung (Agmd) composts: a. amylase activity of the strain Agmd IV; b. cellulase activity of 
Agmd I; c. lipase activity of Agmd V; d. protease activity of Agmd I and II; e. protease activity of the strain Agmd III; f. amylase activity of the strain Agmd I and II; g. 
protease activity of the strains Agmd III and IV; h. lipase activity of Agmd IV. 
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compost samples efficiently increased the activity of rhizosperic mi-
crobes in the plant growth promoting factors. In bacterial cells, 
biochemical reactions are regulated by factors such as enzymes. En-
zymes are essentially hydrolyzed and can break down into smaller 
components when added to water, polysaccharides, lipids, and proteins 
(Teo and Teoh, 2013). The isolated bacteria were tested for protease, 
amylase, cellulase, and lipase activity (Fig. 2), three strains were active 
in amylase production and 4 strains produced proteases. The strains, 
Agmd I, Agmd II and Agmd IV showed amylase activity. Agmd IV and V 
showed lipase activity and the Agmd I isolate was able to produce 
cellulase. 

3.3. Effect of compost on Raphanus sativus 

Fig. 3 shows quality characteristics of radish using the organically 
prepared compost and also usage of inorganic fertilizer in combination 
with organic manure (Agwt, CD, and MD). In plants, the number of 
leaves increased when treated with a mixture of Ag waste and MD, and 
less production was shown by the plant without fertilizer. The number of 
radish yield was also higher in the plant treated with Ag waste and MD 
mixture and low number production were observed in the plant with no 
fertilizer treatment, these finding were also in accordance with (Islam 
et al., 2017a,b) findings. The number and weight of radishes is the 
paramount component and leaf number was also significantly influ-
enced by the application of either organic fertilizer alone or combined 
use of inorganic sources. Enhanced yields were recorded from combined 
fertilizer applications in comparison to the treatment without fertilizer. 
The organic compost prepared from biodegradable wastes had enriched 
nutrients and microbial community. These microbes and their resultant 
enzymes have positive impact on environment and agriculture. 

Application of organic fertilizers elevated the acidic conditions of the 
soil and thereby produced good crop yield. Long-term application of 
chemical fertilizer for crop growth, steadily decreased the fertility of 
soil, increased the acidity and heavy metal concentrations of soil, 
degraded the natural soil micro flora, thus converting the soil to an 
impotent status (Li et al., 2018). 

However, quality parameters were only slightly increased in Agwt 
and MD mixture as well as the chemical fertilizers. A similar response 
was noticed in the study of (Jadoon et al., 2003). The application of F2 
(Agwt + MD, 1:1 ratio) produced the maximum weight of fresh root, dry 
root; fresh or dry leaf and height of fresh and dry plant also. The lowest 
numbers of leaves were found with the control, the other factors were 
also low in the control group. The height of the plant varied in different 
ratios of fertilizer mixer treatments. The higher value of plant height 
(80.33 cm) was recorded in the T2. The treatment with fertilizer was 
found to be good for the production of radish which might have 
attributed to the nutrient availability and release from compost and 
fertilizer time to time for the crop. There were previous reports sup-
porting the results obtained in the present investigation. Combined 
treatment (mixed) resulted in enhanced yields in comparison with 
compost and urea applied alone (Islam et al., 2017a,b). The best yield of 
radish was found when the inorganic fertilizer is mixed with cow dung 
(Imthiyas and Seran, 2017). The microorganisms enhance the avail-
ability of nutrients, efficiency and influence the growth of the plant as it 
help in synthesis of plant hormones or the facilitating the uptake of 
nutrients from soil with several mechanisms such as fixation of atmo-
spheric nitrogen, phosphorus solubilization and synthesizes of side-
rophores for Fe sequestration, making nutrients available to plants 
(Bona et al., 2016). 

The chlorophyll content alteration may be because of factors such as 

Fig. 3. Growth and yield characteristics of Raphanus sativus in different treatments. F0 = Control without compost/fertilizer; Values are mean ± SD (error bars). F1 
= T1 compost; F2 = T2 compost; F3 = T3 compost; F4 = T4 compost; FC = Chemical fertilizer. 
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water, soil, temperature stress, including other parameters which inci-
dentally impact the leaf development and functionality. The high con-
centration of growth regulators of the plant shows higher content of 
chlorophyll (Sardoei et al., 2014). The findings demonstrated that the 
chlorophyll content ranged between 6 and 20.14 mg/g and from the 
result it is also seen that the organic fertilizer Ag waste and MD mixture 
treated plant had the highest concentration of chlorophyll (Fig. 4). The 
control group (without fertilizer) was found to have the least quantity of 
chlorophyll content. Six sets of fertilizers were used for the experiment, 
each one showed little difference in the chlorophyll concentration. The 
quantitative variation of content of chlorophyll could be influenced by 
health and habitat of the plants, surface area of leaf and soil nutrition 
(Bojovic and Stojanovic, 2005). The chlorophyll content showed 
remarkable variation between different treatments. 

3.4. Nutritional analysis from the roots of Raphanus sativus 

The use of different fertilizers in Raphanus sativus significantly 
influenced the uptake of metal components and the vitamin precursors 
contained in a solid waste matrix into different fractions, based on their 

composition. The contents of Ca and Na were found in large quantities. A 
considerable part of TK continued to be combined with organic matter. 
Like other results, the mixture of Ag waste and mule dung compost 
treated plant showed presence of more quantity of metals. As shown 
from Table 2, in F2 the Ca and Na were abundantly present. The 
employment of sequential extraction procedures is fundamental deter-
minant factor in the most effective acid digestion methodology for a 
particular kind of waste, as it allows insight into the chemical forms of 
various metals. Table 3 shows the quantity of vitamins, vitamin C was 
highly present in the plant and riboflavin (B2) was the least quantity of 
vitamin in the plant under study. The mule dung amended compost 
showed significantly higher contents (P < 0.005) than other treatments. 

4. Conclusions 

Among differently proportioned compost treatments, the Agwt 
amended with mule dung (1:1) attained higher stability and maturity 
index within 90 days. Thus acquired near neutral pH and good C/N 
ratio, it enhanced the growth and development of crop Raphanus sativus 
vigorously by supplementing the most essential nutrients. The matured 
and stabilized compost possessed environmentally beneficial and effi-
cient microbes which converted the available nutrients to the crop from 
complex to simple form. The splendid organic compost T2 enhanced the 
soil fertility and support radish growth. It was obvious from the quantity 
of nutrients and plant growth factors tested. This study concluded that 
agricultural biomass wastes and the mule dung can be used as an 
alternate resource in waste decomposition and the end product could be 
used as an organic nutrient supplement for enhancing soil fertility and 
supporting crop growth in an eco-friendly manner. 
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Fig. 4. Average total chlorophyll content of Raphanus sativus different treat-
ments. F0 = Control without compost/fertilizer; Values are mean ± SD (error 
bars). F1 = T1 compost; F2 = T2 compost; F3 = T3 compost; F4 = T4 compost; 
FC = Chemical fertilizer. 

Table 2 
Proximate composition of metal content of Raphanus sativus sativus using 
compost (dry weight basis, mg/100 g).  

Parameters F0 F1 F2 FC 

Ca 26 ± 0.06 32 ± 0.02 46 ± 0.05 30 ± 0.03 
Na 20 ± 0.03 28 ± 0.00 48 ± 0.06 24 ± 0.01 
K 16 ± 0.00 26 ± 0.00 42 ± 0.03 23 ± 0.03 
Mg 13 ± 0.03 17 ± 0.03 20 ± 0.05 15 ± 0.00 
Fe 1.01 ± 0.03 3 ± 0.00 4 ± 0.06 2 ± 0.03 
Cu 0.02 ± 0.03 0.03 ± 0.02 0.08 ± 0.06 0.02 ± 0.00 
Zn 0.1 ± 0.00 0.20 ± 0.03 0.41 ± 0.02 0.21 ± 0.02 
Mn 0.04 ± 0.01 0.1 ± 0.03 0.23 ± 0.00 0.08 ± 0.02 

F0 = Control without compost/fertilizer; F1 = T1 compost; F2 = T2 compost; FC 
= Chemical fertilizer. 

Table 3 
Vitamins content (in mg/g) of Raphanus sativus roots (dry weight).  

Vitamins F0 F1 F2 FC 

Thiamin (B1) 0.12 ± 0.05c 0.18 ± 0.03b 0.24 ± 0.04a 0.15 ± 0.06bc 

Riboflavin (B2) 0.13 ± 0.02b 0.14 ± 0.02b 0.18 ± 0.03a 0.16 ± 0.03ab 

Niacin (B5) 1.60 ± 0.05d 2.7 ± 0.03b 3.3 ± 0.04a 2.0 ± 0.04c 

Vitamin C 14.0 ± 0.03b 20 ± 0.03ab 23 ± 0.06a 19 ± 0.04b 

F0 = Control without compost/fertilizer; F1 = T1 compost; F2 = T2 compost; FC 
= Chemical fertilizer. The same alphabet between treatments are non-significant 
by ANOVA (P < 0.05). Values are mean ± SD. 
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