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Abstract 

 

During 2017, this study was carried out to see how various fractions of fertilizer (municipal solid waste) affected food 

crop development, yield, quality metrics, and macronutrient content, and also post-harvest physicochemical characteristics 

of soil. The experiment was set up in such a way that it was absolutely random (CRD). In comparison to their sole 

application, the fractional use of fertilizer resulted in the highest plant height (135.9 cm), stem girth (2.45 cm), leaf area 

(341.4 cm2), and number of leaves/plant (11.66). The maximum values of quality parameters such as ash (2.48%), crude fat 

(5.22%), crude fiber (2.62 5%), and crude protein (14.98%) were found at T2 treatment (50% loamy soil & 50% MSW), 

higher moisture contents (12.69%) were found in manure treatment. The values of nitrogen (2.39%) and potassium content 

(1.37%) were also higher in mix loamy soil and fertilizer treatment. Furthermore, post-harvest physicochemical parameters 

of the soil also improved by combined use of soil and fertilizers. Hence, combination of loamy soil and organic fertilizer is 

thus recommended to get better growth, yield and quality of plants. 

 

Key words: Growth; Macro-nutrient; Physicochemical; Proximate; Food crops. 
 

Introduction 

 

Meeting the feeding needs of the world's constantly 

growing population is one of the world's most difficult 

concerns (Unver et al., 2015; Matemilola & Elegbede, 

2017). The soil's fertility is dwindling day by day. Soil 

erosion, nutrient leaching, land degradation, and crop 

harvesting are the main causes of soil infertility (Mbah & 

Onweremadu, 2009; Dogan et al., 2014a, b; Khan et al., 

2018a). Crop yields per capita are steadily declining due to 

nutrient supply imbalances, nutrient leaching, and a lack of 

fertility reestablishing inputs (Ajayi et al., 2007; Ugulu et 

al., 2009; Ahmad et al., 2018a, b). As a result, proper 

measures for restoring soil fertility are required in order to 

obtain an optimal crop yield to meet market demand 

(Damiyal et al., 2017; Khan et al., 2018b). On agricultural 

land, the best approach of reestablishing soil fertility is to 

employ manure (Khan et al., 2017). Because nutrients are 

readily available, inorganic fertilizers improve plant growth 

and output. However, the continued use of synthetic 

fertilizers has negative consequences for the land and the 

environment. It causes ground and surface water 

contamination, soil acidification, nutrient loss, enhanced 

sensitivity to harmful insects and a decrease in microbial 

communities (Chen, 2006). Long-term application of 

chemical fertilizers causes unevenness in the availability of 

various other nutrients (Kanzaria et al., 2010). In light of 

above-mentioned argument and due to its high cost, its use 

is restricted among small-scale and resource-poor farmers. 

As a result, in the contemporary era, focus has shifted to the 

use of organic fertilizers (Ramadan & Adam, 2007).  

United Nations Organizations suggested the 

application of organic manure to agricultural land (Anon., 

2001). Water, nitrogen, phosphorus and potassium are the 

limiting factor during the growth of plant. Organic 

manure such as composted municipal solid waste are the 

valuable source of nitrogen, phosphorus, potassium, 

micronutrients and organic matter (Berry et al., 2003). 

Unlike artificial fertilizers, which contain an excess of 

nutrients, organic manures contain growth-promoting 

compounds, making them a great fertilizer for enhancing 

soil fertility and crop output (Dogan & Ugulu, 2013). 

Numerous studies have shown that neither mineral 

nor organic fertilizers are sufficient to maintain crop 

productivity (Durkan et al., 2011). Rather, combining the 

two has proven to be more effective in increasing crop 

development and output while also providing plants with 

a balanced quantity of micro, main, and secondary 

nutrients (Milkha & Aulakh, 2010). The amendment of 

soil with different fractions of MSW manure is a sensible 

way to use such manure for maintaining soil fertility.  

Plant development and yield are improved when 

organic manure and loamy soil are applied together. 

Because this treatment helps to reduce environmental 

hazards while also providing micro and macronutrients to 

plants (Wailare & Kesarwani, 2017). 

The study's goals were to: (1) estimate the fractional 

influence of municipal solid waste on plant growth and 

yield metrics; (2) determine the proximate composition of 

plants; (3) examine the physicochemical parameters of 

soil; and (4) analyse the macronutrient content of plants. 

 

Materials and Method 

 

The experiment was conducted in 2017 at the 

Department of Botany at the University of Sargodha in 

Punjab, Pakistan. Sargodha has a severe climate, with 

temperatures ranging from 45 to 50 degrees Celsius in 

the summer and 4 to 25 degrees Celsius in the winter. 

The average yearly rainfall is roughly 410 mm (Ahmad 

et al., 2019). 

 

Initial soil fertility status: The soil for the experiment 

was collected from a plant nursery in Sargodha City. 

Before being crushed into a fine powder and sieved at 2 

mm, soil samples were air dried. The soil samples were 
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maintained in polythene bags and physicochemical 

parameters were determined at the Soil and Water Testing 

Laboratory for Research Sargodha. Soil's initial physical 

and chemical characteristics are given in Table 1. 

 

Properties of manure used in the experiment: Collection 

of Municipal solid waste (MSW) was done from different 

sources, namely waste disposal areas, fruit and vegetables 

markets and the waste collecting canals of Sargodha. There 

are two stages in MSW manuring process: Degradation and 

Maturation. In the first stage, biodegradable compounds 

were composted via aerobic fermentation while complex 

organic compounds were degraded in the second stage of this 

process. All the particles such as plastic pieces, stones, roots 

were removed from the manure and preceded them through a 

2mm sieve. The composted MSW is ground into a fine 

powder and blended to achieve uniformity in the samples 

using a mortar and pestle. The chemical compositions of the 

soil and MSW compost are shown in Table 1. 

 

Plant cultivation and treatment layout: We filled 

plastic sacks with dirt and manure and placed them on the 

ground. The experiment was set up in a CRD method with 

five repetitions. During the first week of February 2017, 

seeding took place. Several plants' healthy seeds were 

sown in plastic bags with a capacity of 10 kg. The bags 

had previously been filled with a mixture of soil and 

various manure fractions at 25 percent MSW (T1), 50 

percent MSW (T2), and 75 percent MSW (T3), and 

allowed to mineralize for 3 weeks with the exception of 

pots that only contained soil. All of the plants in each 

treatment received the same amount of water. The data on 

growth and yield metrics of different plants was collected 

using standard methodologies. 

 

Data collection 
 

Determination of growth parameters: Varying growth 

metrics such as plant height, shoot length, root length, leaf 

area, and the number of leaves/plants were calculated for 

the crops treated with different fractions of MSW. A 

measuring tape was used to measure the plant's height 

(cm) from the base to the tip of the highest leaf. By visual 

examination, the number of leaves/plants on each plant in 

a container was calculated, and the mean was taken. By 

multiplying the leaf length by the leaf width (the widest 

region of the leaf) and the correction factor, the leaf area 

(cm2) was calculated (0.75).  

 

Soil sampling: A soil sample was gathered from each 

plastic bag during harvest. Soil samples were taken from 

the top to the bottom of the soil profile, with depths 

ranging from 0 to 20 cm. Soil samples were air dried for a 

few days before being crushed and sieved at 2 mm with a 

mortar and pestle. The sieved soil sample was sealed in 

polythene bags and dried in the oven at 72°C for two days 

(Khan et al., 2019). 

 

Determination of physicochemical parameters of soil: 

Organic matter, electrical conductivity (EC), pH, available 

P, and available K were determined as physicochemical 

parameters of soil (Arshi & Khan, 2018).  

Proximate analysis: Proximate analysis of samples was 
done by using the following procedures and formulas 
(Anon., 2000). 
 

Moisture content was determined as following: 
 

Moisture content = 
W initial – W final 

x 100 
W final 

 

The percentage of ash contents were found as following: 

 

Ash = 
W ash 

x 100 
W sample 

 

The percentage of crude fat was calculated by using 

as following: 

 

Crude fat = 
(W2 – W1) x 100 

S 
 

The percentage of fiber was calculated by using 

following equation: 

 

Crude fiber = 
Final weight after ignition x 100 

Weight of sample 

 
Kjeldahl's nitrogen was multiplied by 6.25 to get 

crude protein. 
The total carbohydrate was calculated by subtracting 

moisture, ash, crude fat, crude fibre, and crude protein 
from the hundred. 
 

Determination of macro-nutrients: Determination of 
nitrogen was done by using Kjeldhal‟s method (Anon., 
2000). A flame atomic absorption spectrophotometer was 
used to determine the potassium concentration. 

 
Statistical analysis: SPSS version 23 was utilized as the 
statistics application. The difference in mean between 
different treatments was determined using one-way study 
of variance (Steel et al., 1997). The data was presented as 
arithmetic means with a standard deviation. 
 

Results 
 

Post-harvest physicochemical parameters of soil: The 
effects of various MSW treatments on soil pH, EC, organic 
matter, available P, and available K were significant (p 
≤0.05) (Table 2). In all treatments, the soil texture was loam. 

The pH of soil varied from 6.93 to 7.46 in all 
treatments. At all treatments, the EC of soil ranged from 
2.86 to 5.18 dS m

-1
. The OM (%) of soil at T0, T1, T2, and 

T3 was 1.04. 1.11, 1.32, and 1.18 correspondingly. The 
values of available P (mg kg

-1
) at various treatments were 

17.20, 16.0, 17.50, and 15.50, correspondingly. The 
available K among all treatments were 180, 224, 416, and 
410 mg kg

-1
 correspondingly (Table 3). 

 

Growth and yield parameters 
 

Germination: The result from ANOVA depicted a 

significant effect of MSW on germination of food crops 

(p≤0.05) (Table 4). The sequence of germination rate was: 

T2>T3>T1>T0. 
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Plant height: Fertilizers had a substantial impact on plant 

height (p0.05) (Table 4). T2 (130.7) had the highest plant 

height (cm), followed by T3 (127.8), T1 (123.3), and 

control (106), in that order (Table 5). 
 

Stem girth: Manure administration had a significant 

(p0.05) effect on stem girth (Table 4). The stem girth (cm) 

was noticed in following decreasing order: T2 (1.79)> T3 

(1.73)> T1 (1.56)> Control (1.31) (Table 5). 
 

Leaf area: The findings of the ANOVA of data showed 

that treatments had a significant influence on leaf area 

(p0.05) (Table 4). The leaf area (cm2) was found in 

following order: T2 (326.2)> T3 (311.5)> T1 (280.9)> 

Control (193.2) (Table 5). 
 

Number of leaves/plants: The ANOVA revealed that 

treatments had a significant impact on the number of 

leaves/plant (Table 4). The following trend was noticed 

for the number of leaves/plants: T2 (10.66)> T1(10.33)> 

Control (8.66) (Table 5). 
 

Proximate composition of plants 
 

Moisture: The ANOVA revealed that treatments had a 

substantial impact on plant moisture content (Table 6). T2 

(12.69) had the highest moisture content, followed by T3 

(10.01), and T1 (9.81), with control (8.77) having the 

lowest (Table 7). 

 

Ash: Treatments exhibited a significant impact on ash 

content of plants (p≤0.05) (Table 6). Ash content (%) was 

found in following descending sequence: T2 (2.35)> T1 

(2.25)> T3 (2.03)> Control (1.45) (Table 7). 

 

Crude fat: Fertilizer application significantly affected the 

crude fat of plants (p≤0.05) (Table 6). The crude fat (%) 

was found in following descending sequence: T2 (4.59)> 

T3 (4.32)> T1 (3.60)> Control (2.14) (Table 7). 

 

Crude fiber: The ANOVA findings revealed that 

treatments had a significant impact on the crude fibre 

content of plants (Table 6). The crude fibers (%) were 

present in following order: T2 (2.26)> T3 (2.08)> T1 

(1.93)> Control (1.80) (Table 7). 

 

Crude protein: The crude protein concentration was 

significantly affected by organic and synthetic fertilizers 

(Table 6). For crude protein (percentage), the following 

order was observed: T2 (14.76)> T3 (14.08)> T1 (13.87)> 

Control (12.44). (Table 7). 

 

Table 1. Preliminary physical and chemical properties of soil, and MSW manure used in the experiment. 

Parameter pH EC (dS m-1) 
Available P 

(mg kg-1) 

Available K 

(mg kg-1) 

Organic 

matter (%) 
Texture 

Soil 8.1 5.72 10.3 140 1.25 Loam 

Manure 8..0 36.10 14.8 160 1.25 - 

 

Table 2. Analysis of variance for post-harvest physicochemical parameters of the soil. 

Source of variation 
Mean square 

pH EC OM Av. P Av. K 

Treatments 0.126
***

 3.363
***

 0.037
***

 59.901
***

 44554.26
***

 

Error 0.003 0.005 0.001 0.664 15.867 
***: Significant at 0.001 level, EC: Electrical conductivity, OM: Organic matter, Av. P: Available P, Av. K: Available K 

 

Table 3. Physico-chemical parameters of soil (Mean ± S.E). 

Treatments pH EC (dS m-1) OM (%) Av. P(mg kg-1) Av. K(mg kg-1) Texture 

T0 6.93 ± 0.05 2.860 ± 0.09 1.040 ± 0.03 7.20 ± 1.02 180 ± 3.01 Loam 

T1 7.03 ± 0.03 3.230 ± 0.06 1.110 ± 0.04 16.00 ± 1.05 224 ± 4.04 Loam 

T2 7.46 ± 0.04 5.043 ± 0.03 1.320 ± 0.03 17.50 ± 0.78 416 ± 2.08 Loam 

T3 7.23 ± 0.05 3.680 ± 0.07 1.180 ± 0.03 15.50 ± 0.62 410 ± 5.09 Loam 
T0: Control, T1: 25% of MSW & 75% of loamy soil, T2: 50% of MSW & 50% of loamy soil, T3: 75% of MSW and 25% of loamy soil, 

EC: Electrical conductivity, OM: Organic matter, Av. P: Available P, Av. K: Available K 
 

Table 4. Plant growth and yield parameters (Mean ± S.E). 

Source of variation 
Mean square 

Germination Plant height Stem girth Leaf area No. of leaves/p lant 

Treatments 276.04** 392.7*** 0.538** 10393.4*** 3.76*** 

Error 72.91 51.57 0.090 95.447 0.33 
**, ***: Significant at 0.01 and 0.001 levels 
 

Table 5. Mean concentration of growth and yield parameters. 

Treatments Germination (%) Plant height (cm) Stem girth (cm) Leaf area (cm2) No. of leaves/plant 

T0 66.66 ± 5.53 106.0 ± 8.71 1.31 ± 0.12 193.2 ± 15.5 8.666 ± 0.67 

T1 79.16 ± 5.78 123.3 ± 8.96 1.56 ± 0.13 280.9 ± 14.9 10.33 ± 0.88 

T2 87.50 ± 7.25 130.7 ± 8.42 1.79 ± 0.15 326.2 ± 20.1 10.66 ± 0.72 

T3 83.33 ± 6.66 127.8 ± 9.49 1.73 ± 0.11 311.5 ± 16.7 9.666 ± 0.69 
T0: Control, T1: 25% of MSW & 75% of loamy soil, T2: 50% of MSW & 50% of loamy soil, T3: 75% of MSW and 25% of loamy soil 
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Table 6. Mean square for the proximate composition of plants. 

Source of variation 
Mean square 

Moisture Ash Crude fat Crude fiber Crude protein Carbohydrates 

Treatments 10.53*** 0.49*** 4.16*** 0.30*** 2.88*** 61.74*** 

Error 1.16 0.04 0.12 0.23 0.23 0.52 
***: Significant at 0.001 level 

 

Table 7. Mean concentration of proximate composition of plants. 

Treatment 
Moisture  

(%) 

Ash  

(%) 

Crude fat  

(%) 

Crude fiber  

(%) 

Crude protein 

(%) 

Carbohydrates 

(%) 

T0 8.77 ± 1.44 1.45 ± 0.16 2.14 ± 0.64 1.80 ± 0.01 12.44 ± 0.37 73.4 ± 2.61 

T1 9.81 ± 0.03 2.25 ± 0.05 3.60 ± 0.03 1.93 ± 0.08 13.87 ± 0.11 68.54 ± 2.10 

T2 12.69 ± 1.07 2.35 ± 0.02 4.59 ± 0.43 2.26 ± 0.13 14.76 ± 0.11 63.35 ± 1.47 

T3 10.01 ± 0.06 2.03 ± 0.05 4.32 ± 0.07 2.08 ± 0.03 14.08 ± 0.07 67.48 ± 1.16 
T0: Control, T1: 25% of MSW & 75 % of loamy soil, T2: 50% of MSW & 50% of loamy soil, T3: 75% of MSW and 25% of loamy soil 

 

Table 8. Mean square for macro-nutrients in plants. 

Source of variation 
Mean square 

N K 

Treatments 0.047*** 0.400*** 

Error 0.006 0.002 
Key: ***: Significant at 0.001 levels 

 

Table 9. Mean concentration of macro-nutrients in plants 

Treatment N (%) K (%) 

T0 1.991 ± 0.05 0.476 ± 0.03 

T1 2.219 ± 0.09 1.213 ± 0.05 

T2 2.347 ± 0.07 1.293 ± 0.04 

T3 2.252 ± 0.09 1.240 ± 0.02 

Standard limits 2-5a 1-5a 
T0: Control, T1: 25% of MSW & 75% of loamy soil, T2: 50% of 

MSW & 50% of loamy soil, T3: 75% of MSW and 25% of 

loamy soil, Source: aBennett (1993) 
 

Carbohydrates: The percentage of carbohydrates were 

significantly affected by different treatments (p≤0.05) 

(Table 6). The % carbohydrate was found in following 

ranking order: Control (73.4)> T1 (68.54)> T3 (67.48)> T1 

(63.63) (Table 7). 

 

The concentration of macro-nutrients: Treatments 

significantly affected the concentration of nitrogen and 

potassium in the plants (p≤0.05) (Table 8). The % N in 

five treatments ranged from 0.19 to 2.39 respectively. The 

% K in all treatments varied from 0.47 to 1.37 

correspondingly (Table 9). 

 

Discussion 

 

The manure from municipal solid trash is applied to 

agricultural land to boost crop productivity. T2 therapy 

yielded the highest pH, followed by T3, T1, and control. 

The decomposition of organic manure increased the 

amount of basic plant nutrients in the soil, which helps to 

raise soil pH (Ahmad et al., 2018c). The findings were 

comparable to those of Islam et al., (2013), who found 

that adding manure to the soil raised the pH. The soil EC 

in the current study was higher than that reported by 

Pratap et al., (2016). T1, T2, and T3 treatments have 

greater organic matter than control. The increased OM in 

T2 could be attributable to the fact that T2 is a nutrient 

storage compartment. Zhao et al., (2009) also found that 

using MSW alone or in combination with synthetic 

fertilizers resulted in higher OM than using chemical 

fertilizers alone. T2 yielded the highest levels of 

accessible P in the soil. The greater available P values at 

T2, T3 were attributable to the formation of organic acid 

and mineralization of organic P, resulting in P fixing and 

increased availability. Our findings backed up the 

findings of Islam et al., (2013), who found that using 

organic and inorganic fertilizers separately and in 

combination increased soil accessible P when compared 

to control. The pH in this study was greater, while the 

OM and accessible P were lower than those reported by 

Almaz et al., (2017). The increase in available K in all 

fertilizer treatments was observed. Ahmad et al., (2013) 

also reported a higher level of OM, available P and K at 

50% organic manure + 50% of soil. 

Lower germination was noticed in control pots 

without any amendment, while the manure-amended pots 

give maximum germination due to the higher moisture 

holding ability (Chiroma et al., 2006) and soften seedbed 

as compared to control. No prominent difference was 

noticed in the germination of pots amended with different 

fractions of MSW. 

It's possible that the higher plant height at T2 is 

related to the abundance of nutrients. Because of the 

substantial nutrient availability throughout the growing 

period, MSW application significantly boosted plant 

height. MSW has a far higher nutritional value than cow 

manure (Daur et al., 2015). In comparison to current 

findings, Mitchell & Tu, (2005) and Warren et al., (2006) 

reported similar results. Due to a balanced supply of 

nutrients, the application of varied fractions of MSW 

results in maximum plant height and other growth indices 

(Channabasanagowda et al., 2008). Sharma et al., (2005) 

discovered a comparable increase in plant height. El-

Ghamry et al., (2009) reported that combining MSW with 

synthetic fertilizers resulted in maximum plant height. 

The stem girth of plants was increased due to a 

substantial supply of nutrients. When the plant was 
fertilized with both organic and inorganic fertilizers, the 

stem girth reached its maximum. Afe et al., (2015) 
discovered a similar increase in stem girth by combining 

various fertilizers. The increase in stem girth could be 

attributed to cell enlargement and higher mitotic division, 
which creates a huge photosynthetic sink in the stem. The 

plant will not lodge if the stem girth is improved (Kareem 
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et al., 2017). Maximum leaf area was noticed in plants 

treated with the T2 and T3. This might be due to the high 
availability of nitrogen, which increases the size of leaf and 

vegetative growth. Balyeri et al., (2016) reported similar 
increase in leaf area, growth and proximate composition of 

aromatic pepper as compared to current findings.  

Our findings matched those of Wailare & Kesarwani, 

(2017), who found a similar increase in leaf area after 

applying MSW manure. As the plant's leaf area grows, it 

collects more light, resulting in higher photosynthetic 

activity (Adekayode & Olojugba, 2010). Our findings 

were consistent with those of Qasim et al., (2001), who 

found that combining soil amendments resulted in more 

leaves/plant. According to Ekesiobi et al., (2015), the 

combined application of MSW resulted in the greatest 

number of leaves/plants when compared to their soil 

application. The photosynthetic activity of the plant may 

be positively influenced by an increase in the number of 

leaves; hence the number of leaves is an important growth 

parameter that could boost the yield of the plant. 

The moisture content in the current investigation was 

found to be higher than those recorded by Saeed et al., 

(2013). The results revealed that various manure 

applications enhanced the moisture content of plants 

compared to control. Various studies from the past showed 

that the lower moisture content enhanced the susceptibility 

of plants to various diseases. The greater moisture content 

in T2 and T3 could be attributable to the soil's higher 

moisture retention ability and decreased moisture 

evaporation (Rafiq et al., 2010). So, the manure application 

provides sufficient nutrients to enhance the yield and 

moisture content of plants (Ullah et al., 2010). Ash content 

of food crop is used to determine the mineral present in it 

(Mbatchou & Dawda, 2013). It is also used to estimate the 

extent of essential minerals in a particular food crop 

(Edeogu et al., 2007). The difference in ash content in 

various treatments might be due to the difference in the 

mineral composition of soil due to various soil amendments 

(Shayo et al., 2006). Residue content in our findings was in 

accordance with Mbatchou & Dawda, (2013), while higher 

than Thomas et al., (2013). 

The T2 treatment produced the high contents of crude 

fat. The current study's crude fat levels were higher than 

those reported by Saeed et al., (2013). Crude fat is a key 

component of plants, and it has numerous health benefits 

for humans. Plants cultivated in MSW treated soil had 

much higher crude fat content than plants grown in 

control soil. Earlier studies (Farhad et al., 2009) also 

stated that manure application is significant in improving 

plant quality. In comparison to other treatments, manure 

treatments had a higher level of crude fibre. 

The results exposed that the best crude protein was 

found at T2 treatment. Hence the mixture of soil and 

MSW contains a sufficient amount of N and various other 

minerals. Nitrogen plays a crucial role in protein 

synthesis. These findings were supported by many other 

workers. Our findings were similar to the results of 

Adam, (2004) who stated that N enhanced the quality of 

plants by increasing the production of protein in plants. 

The values of crude protein in present findings were 

similar to those given by Yossif & Ibrahim, (2013) in 

plants. Plants contain a large amount of carbohydrate. 

Higher carbohydrate content indicated greater energy 

because carbohydrates store a large amount of energy 

(Odedire et al., 2008). 

In comparison to the current work, David et al., 

(2016) found a comparable spectrum of carbohydrates in 

plants. The carbohydrate content of the plants studied in 

this study was lower than that of Kavitha & Parimalavalli, 

(2014). The levels of N and K were determined to be 

within ranges of N (2-5%) and K (1-5%) (Nadeem et al., 

2019). T2 has the highest concentration of nitrogen. In 

comparison to the current findings, Farhad et al., (2009) 

found the highest level of N in manure treatment. In 

comparison to the current results, Farhad et al., (2009) 

produced comparable results. The T2 treatment had a 

greater potassium concentration in the plants. Earlier 

research has also demonstrated that using MSW increased 

plant K content (Ahmad et al., 2008). Similarly, Ning et 

al., (2014) used organic manure to achieve the maximum 

level of K in plants. 

 

Conclusion 

 

It was concluded that the maximum values of growth, 

yield and proximate composition of plants were found in 

mix MSW and loamy soil treatment collectively as 

compared to their sole application. MSW along with 

loamy soil provide sufficient macro-nutrients to enhance 

the growth of plant and progressively increased the 

product and quality of plants. The application of MSW 

manure is thus recommended to smallholder farmers for 

sustainable production of crops. 
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