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Abstract
Organic soil amendments derived from municipal solid
waste (MSW) have the potential to improve the health and
productivity of soil. To study solid waste dump site and its
use, a two-year field experiment was conducted by preparing
two types of compost, i.e. fresh (D;: derived from the mining
of the freshly dumped MSW) and old composts (D:
obtained from the mining of an old landfill site). The
prepared composts were applied to spring maize (Zea mays
L.) at the rate of 06, 12, 18 and 24 t/ha. It was recorded that
MSWC at the rate of 24 t ha? increased the leaf area,
number of leaves per plant, plant height, cobs per plant, cob
yield, 1000 grain weight, grain yield, and biological yield by
27.62, 7.33, 13.15, 33.84, 0.257, 17.38, 12.43, 32.23, and
28.85%, respectively, relative to the control. The number of
leaves per plant, plant height, number of cobs per plant,
1000 grain weight, grain yield and biological yield were
increased by 3.50, 1.78, 4.81, 0.82, 4.02, and 3.69%,
respectively, during the 2" year of experiment as compared
to the 1% year. The effect of compost types as a factor
showed that plant height, cob yield, 1000 grain weight, grain
yield, and biological yield were enhanced by 1.61, 2.74,
1.10, 5.48, and 1.81% with the fresh compost as compared to
the old. It can be concluded that compost derived from
different municipal solid waste landfill sites positively
influenced the growth of the maize crop and soil condition.
Moreover, the compost application at the rate of 24 t ha*
reduced the use of commercial fertilizer without affecting
the grain yield.
Keywords: Landfill mining, Zea mays L., Crop vyield,
Compost, Municipal solid waste.

1. Introduction
Composting of this waste collected from landfills is rich in
organic content that can be used as organic fertilizer to
improve soil fertility and agricultural land productivity (Liu
et al., 2019). Municipal solid waste-derived compost in
agricultural fields is a cost-effective option for MSW
recycling. It will not only reduce the burden of landfill but
also minimize the energy requirements of fertilizer
manufacturing industries (Srivastava et al., 2016). In many
parts of the world, the practice of recycling MSW into
compost has been widely adopted to maintain soil fertility
and improve the productivity of agro-ecosystems (Crecchio
et al., 2004). In many studies, the use of MSWC is
recommended, because of its soil conditioning properties
and positive effects on physical, chemical and biological
properties it is known as soil enhancer (Hargreaves et al.,
2008) and nutrient supplement for crops (Mandal, et al.,
2020). However, application of MSWC not only influences
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soil structure improvement, organic matter restoration,
stimulation of microbial activity and supply of essential
nutrients (Giannakis et al., 2014). But also creating a
suitable soil environment for plant growth (Kebede et al.,
2023).Studies conducted in other parts of the world revealed
that compost prepared from landfill mining has reduced
volume of the waste, destroys malodorous compounds,
decreases germination of weeds and kills pathogens in
agricultural fields ( Rahman et al., 2020). Hence, the use of
MSWC in agriculture not only improve overall quality of
soil but also maintaining long term productivity of soil
(Hossain et al., 2017).

Maize (Zea mays L.) is an important cereal crop that belongs
to the Poacea family and has good nutritional and economic
value (Khan et al., 2014). This crop is composed of starch,
protein, fiber, oil, sugar, vitamins and some other minerals
such as sulphur, calcium, and phosphorus (Faisal et al.,
2021). This crop is considered a multipurpose crop that is
used as food, fodder, feed and one a major source of raw
materials for industry (Khan et al., 2011). Maize is widely
grown in Khyber Pakhtunkhwa province of Pakistan on
475.3 thousand hectares of land with a yield of 887.8
thousand tons (Imran, 2015). Although the climatic and soil
conditions are favorable for maize production (Bakht et al.,
2006), the average maize yield is still lower than the other
parts of the Pakistan (Amanullah and Khan, 2015). Problems
associated with low yield include soil degradation,
indiscriminate fertilizer application, poor management
practices, poor quality seeds, and lack of modern
technologies (Shah et al., 2009). To improve the yield, the
present study was conducted to evaluate the effects of
different types of MSWC (i.e., freshly dumped waste and
old abandoned landfill sites) on the growth and yield of
spring maize during 2017-2018 under field conditions.

2. Materials and Methods

2.1. Sampling and preparation of composts

A detailed reconnaissance landfill sites survey of dumpsite
was conducted at ring road Hazar-khwani in Town-1,
Peshawar. For cluster sample collection, the whole dumpsite
was divided into two major blocks i.e. fresh waste dumping
area (D1) and old filled pits area (D). Furthermore, each
block was divided into five zones. One subsample of
approximately 500 kg was collected from a 3x3 ft? area from
each zone. A 1000 kg portion of compostable solid waste
material was separated from old and freshly dumped
materials and transported to the Agricultural Research
Institute (ARI), Peshawar, Pakistan. The collected samples
were further sorted out and compost was prepared (Rahman
et al., 2020). The organic components were chopped into
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small pieces, mixed well, and then placed into the compost
pit with a moisture content maintained at around 60%.
During the composting, the organic materials in the pit were
mixed fortnightly. After 90 days, the final compost was
shifted to the laboratory, where it was air-dried at room
temperature and then homogenized by passing through a 2
mm sieve. The prepared MSWC was stored in plastic bags
till its use in the field experiment.

2.2. Collection of Soil Samples

Before the application of composts, a composite sample of
soil was collected at a depth of 30 cm from the experimental
area. At post-harvest stage, 5 random spots from each
treatment were sampled and a composite sample of each
treatment was collected. The soil samples in fresh condition
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were transported to the laboratory of ARI, Tarnab Peshawar.
The collected samples of soil were first dried at room
temperature, sorted out then grinded and sieved through a
mesh size <2mm in diameter. After the necessary
processing, the samples were labelled and kept in plastic
bags before use.

2.3. Analysis of Composts and Soil Samples

The collected composts and soil samples were analyzed for
various physico-chemical properties, by using standard
analytical procedures as adopted by Khan et al., 2010, Ryan
et al., 2001, Igbal et al., 2015, Ahmad et al., 2018, Shah et
al., 2014 and Soltanpour & Schwab, 1977 for different
parameters as listed in table. 1.

Table-1: Physico-chemical properties of control, fresh and old dumpsite compost

Characteristics Composite soil Fresh dumpsite Old dumpsite compost
compost (D1) (D2)

pH 7.32 7.58 8.65

EC (dSm™) 0.34 0.61 1.39

CaCOs (%) 7.25 1.09 3.85

Organic matter (%) 0.75 27.3 12.9

Texture Silty loam - -

Total Nitrogen (%) 0.18 1.23 0.65

Total Phosphorous (%) 0.15 0.27 0.25

Total Potassium (%) 0.12 0.48 0.44

2.4. Application of Composts to Maize Crop
For the field experiment, a randomized complete
block design (RCBD) with split plot arrangement in

three replicates was used, whereas main plots were
used for types of MSWC and the sub-plots comprised
of the rate of MSWC (Table 2).

Table -2: Detail of the types of MSWC and its levels applied to the maize crop.

Treatments Composition
Fresh MSWC (Dz) / Old MSWC (D2)*
Ty Control
T Fertilizer (NPK) at the rate 120-90-60 Kg ha*
Ts 6 ton hat MSWC
T4 12 ton ha* MSWC
Ts 18 ton ha* MSWC
Te 24 ton ha MSWC

*same treatment composition was used for D1 and D2
During the growth phase and at the time of harvesting,
observations of different agronomic parameters were
recorded on 10™ July 2017 and 14™ July 2018. The data
were recorded for leaf area (cm?), number of leaves per
plant, plant height (cm), number of cobs per plant, cobs
at harvest (ha't), cobs yield (kg ha*), 1000 grain weight
(9), grain yield (kg hat), and biological yield (kg ha't).
2.5. Data analysis
All the data were subjected to statistical analysis (Steel
and Torrie, 1980). The variations among the treatments
were assessed using the least significant difference
(LSD) test. All the computation was done through
statistical software SPSS and the figures were drawn
using Origin-pro.
3. Results and Discussion
a. Characteristics of post-harvest soil with
application of composts
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Data on pH level in post-harvested soil samples are
presented in Table 3. The pH level in post-harvested soil
ranged from 7.4-7.7. Higher values (7.8) were observed
in NPK fertilizer treated soil followed by treatment
received 24 t hal MSWC (7.7). While, non-significant
effect was observed among treatments at the rate 6, 12,
and 18 t ha! respectively. While the minimum value of
pH was recorded in control treatment (7.4). This study
confirmed that repeated application of MSWC
improved the physico-chemical properties of the post-
harvest soil sample. It was observed that with
increasing rate of MSWC, the pH of the soil also
increased. These results were in line with other
researchers (Lee et al., 2019). Increase in soil pH after
application of compost was due to mineralization of N
and decomplexation of cation producing OH-, Mg? *
Ca?*and K* in degradation of organic products (Erana
etal., 2019).
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Furthermore, the results showed that different levels of
treatment significantly affected the soil EC. The soil
EC in D; ranged from 0.24- 0.42 (dSm™). The high EC
value was observed at 24 t ha! treatment (0.42 dSm™)
which was found non-significant to the treatments at
the rate 18 t ha* (0.42 dSm™) and 12 t ha* (0.41dSm™)
treatments, respectively. While, the minimum EC
values were observed in NPK (0.22 dSm™) and control
treatment (0.24 dSm?). Similarly, the value of EC
(dSmY) in soil samples treated with D2 ranged from
0.28- 0.42 (dSm?). The high EC value was observed at
12 t ha' (0.42 dSm?) followed by 24 t ha-* (0.40 dSm-
1), 18 tha* (0.38 dSm) and 6 t ha™* (0.32 dSm'Y).

The value of OC in post-harvested soil samples treated
with D1 ranged from 0.13-0.56% as presented in Table 3.
Significant increase was observed in plots treated with
NPK fertilizer (0.56%) followed by 24 t ha (0.48 %), 18
t ha (0.45 %), 12 t ha (0.37 %) and 6 t ha' (0.31%).
Similarly, value of OC in soil treated with D, was
found in the range of 0.14-0.43 (%). Significant
increase was observed in plots treated with NPK fertilizer
(0.56%) followed by treatment at the rate of 24 tha™
(0.43%), 18 tha (0.41%), 12 tha® (0.35%) and 6 tha
(0.30%) respectively. Furthermore, it was observed that
the compost derived from D; significantly increases
OC in the soil as compared to D».

The OM in post-harvested soil samples treated with D1
ranged from 0.24-0.97%. Significant increase was
observed with NPK fertilizer (0.97%) treatment followed
24 t hal (0.83 %), 18 t ha (0.78 %), 12 t ha (0.65 %)
and 6 t ha? (0.54%). Similarly, value of OC in soil
samples treated with D2 were found in the range of
0.25-0.97 (%). Furthermore, it was observed that D;
significantly increased OM in the soil as compared to
D,. It was observed that the concentration of OC and
OM in the soil increased with increasing levels of
MSWC. These observations are in conformity to other
researchers, that higher application rates of MSWC
consistently increased the soil C/N ratio and OM
(Walter et al., 2006).

The N concentrations in soil samples treated with D
ranged from 0.013 - 0.050 (%). Highest N
concentration was observed with 24 t ha® (0.050 %)
followed by NPK (0.049 %), 18 t ha* (0.046 %), 12 t
hal (0.038 %) and 6 t ha? (0.034 %) respectively.
Similarly concentration of N in soil samples treated
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with D, were found in the range of 0.015-0.047
(%).Significant increase was observed in plots treated
with NPK (0.047%) followed by 24 t ha* (0.046 %), 18
t ha' (0.040 %), 6 t ha’ (0.036 %) and 12 t ha*
(0.035% ) respectively. Higher concentration of N was
observed at high doses of MSWC. Similar results on
increase in N concentration with application of
compost was reported by Kelly et al., (2020).

The P concentration in soil amended with-D; ranged
from 7.37-10.03 (mg kg-1). Higher P concentration was
observed in 24 t ha-! (10.03 mg kg-') followed by 18 t
ha-! (9.30 mg kg-1), 12 t ha-! ( 8.16 mg kg-!) and 6 t
ha-! (7.93 mg kg-!) respectively. Similarly the P
concentration in soil treated with D, were ranged from
7.27-9.90 (mg kg-Y). Higher P concentration was
observed in NPK (10.03 mg kg-1) followed by 24 t ha-
1(8.80 mg kg-!), 18 t ha-! (8.30 mg kg-1), 12 t ha-!
(7.90 mg kg-1) and 6 t ha-'(7.53 mg kg-1) respectively.
The non-significant effect were observed between 24 t
ha-! and 18 t ha-l.Similar results with significant
increase of P as mineral fertilizers to the soil treated
with compost was reported by (Civeira, 2010).

The K concentration in soil samples treated with D,
ranged from 150.00-178.33 (mg kg-!). The higher
concentration of K was found at 24 t ha? (178.33 mg
kg-1) followed by 18 t ha-! (170.33 mg kg-1), 12 t ha-!
(168.67mg kg-!), NPK (166.67 mg kg-!) and 6 t ha-!
(156.67 mg kg-1) respectively. Similarly the K in soil
samples treated with D, were ranged from 147.33-
172.33 (mg kg-!). Higher concentration was observed
in 24 t ha-1(172.33 mg kg-!) followed by 18 t ha-
1(167.33 mg kg-1), 12 t ha-! (165.00 mg kg-!), NPK
(163.00 mg kg-') and 6 t ha-! (147.33 mg kg-!)
respectively. According to another research study, the
soil treated with MSWC at high application level
significantly increase K in the soil (Akoijam et al.,
2017).This is due to the high presence of K in MSWC
which later on released through microbial degradation
into soil (Manirakiza and Seker, 2020). As pointed out
by other researchers, increasing application rates of
MSWC not always increased OC and some nutrients
such as total N and available P in the soil (Barzegar et
al., 2002). Although, limited nutrients and OC after
addition of high application levels attributed to rapid
mineralization of OM in the soil (Civeira, 2010).

Table-3. Physico-chemical characteristics of post-harvest soil with application of compost

Properties of post-harvest soil with application of Fresh compost (D1)
Treatment oH EC oc oM N Pk ) K
M @smy | o0 | o6 | oo | M (mg kg™)
T, 7.4 0.24 0.139 0.24 0.013 7.37 150
T 7.8 0.22 0.56 0.97 0.049 9.67 166.67
T3 7.6 0.38 0.31 0.54 0.034 7.93 156.67
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T4 7.6 0.41 0.37 0.65 0.038 8.16 168.67

Ts 7.6 0.42 0.45 0.78 0.046 9.3 170.33

Te 7.7 0.42 0.48 0.83 0.05 10.03 178.33
Properties of post-harvest soil with application of Old compost (D2)

Treatment pH EC oc oM N Pk ) K
M @smy | o0 | o6 | oo | M (mg kg
Ty 7.4 0.28 0.14 0.25 0.015 7.27 147.33
T, 7.8 0.29 0.56 0.97 0.047 9.9 163
T3 7.6 0.32 0.3 0.53 0.036 7.53 152.33
T, 7.6 0.42 0.35 0.61 0.035 7.9 165
Ts 7.6 0.38 0.41 0.72 0.04 8.3 167.33
Te 7.7 0.4 0.43 0.74 0.046 8.8 172.33

b. Post-harvest physiological parameters of maize

I. Leaf Area (cm?)

Results on the leaf area of maize as affected by
different types and levels of MSWC for two
consecutive years are showed in Table-4. It was
observed that MSWC at the rate 24 t ha produced
significantly broader leaf area (438 cm?) followed by
NPK (421 cm?) and 18 ton ha' (415.6 cm?).
Moreover, the MSWC treatment at the rate 12 t ha’
produced leaves with an area of 330 cm? that was
significantly higher than the control treatment (317
cm?). However, it was observed that all the
interactions, MSWC and years (D x Y), treatments and
years (T x Y), treatments and MSWC (T x D) and
treatments, years and MSWC (T x Y x D) were also
found non- significant for leaf area cm? (Table-4).
Naderi and Ghadiri, (2010) reported that application of
MSWC at the rate 25 t ha-1 significantly increased leaf
area of maize crops. Chen, J. H. (2006) in his study
analyzed the comparative effect of MSWC and other
organic and inorganic amendments on growth of maize
crops and reported similar results to our findings.
Similarly, Obidebube et al., (2012) in their study
concluded that the growth of maize crops was
significantly influenced by higher application levels of
fertilizers than lower rates.

1. Number of Leaves Plant?

It was observed that MSWC at the rate 24 t ha?
produced more number of leaves per plant (14.7)
followed by NPK (14.6). Whereas, MSWC at the rate
18 t ha'! (14.4) was statistically at par with all the other
treatments but was significantly better then control.
The statistical analysis of data revealed that years as
source of variation had significant effect on number of
leaf per plant. It was recorded that the number of leaves
per plant were higher (14.56) during second year of
experiment as compared to the first year (14.05). The
effect of types of MSWC and all interactions remained
non- significant for number of leaves per plant (Table-4).
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It was observed that the MSWC application resulted in
a higher number of leaves per plant, especially with
higher compost levels. These results were in line with
the findings of Simeon and Ambah, (2013) who
reported that the application of compost derived from
MSW increased the number of leaves per plant, plant
height and leaf area of maize. Naderi and Ghadiri,
(2010) also reported that increasing the MSW compost
level up to 50 t ha-* significantly increased the number
of maize leaves.

I11. .Plant Height (cm)

It was observed that MSWC application at the rate of 24 t
ha! produced taller plants (207 cm) followed by NPK
(202 cm) and 18 t ha* (199 cm) respectively. Whereas,
MSWC application at the rate 12 t ha significantly
increased the plant height (185.42 cm) compared to the
control treatment (180 cm). The effect of year as factor
showed that plant height was significantly higher (194
cm) in the second year as compared to the first year
(191 cm) of experiment. Similarly, the effect of types
of compost showed that plots treated with MSWC
derived from freshly dumped waste (Di;) had
significantly higher plant height (194 cm) as compared
to the plots treated with MSWC derived from mining
of old dumped waste i.e. D, (191 cm) as shown in
Table-4. This study confirmed that MSWC application
improved the vegetative growth such as height of the
maize crop with increasing application levels of
MSWC. These observations are in conformity to the
work of other researchers reported that increasing
application levels of MSWC significantly increased
height of maize crop (Ghaly et al., 2010; Khan,
2015).Furthermore, taller maize plants were observed
during second year compared to the results of the first
year of the experiment, indicating the gradual
improvement in soil fertility with the application of
MSWC over the years. These findings were in line
with the work of Oljaca et al., (2007).

IV. Number of Cobs Plant!
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Results showed that MSWC at the rate of 24 t ha?
produced the highest number of cobs per plant (1.95)
followed by NPK (1.92). It was observed that MSWC
treatments at the rate 24, 18, 12 t ha produced 1.95,
1.77 and 1.43 number of cobs per plant, respectively.
Moreover, the NPK treatment was at par to the MSWC
at the rate 24 t ha* but was significantly higher (1.95)
then all the other treatments. Furthermore, higher
number of cobs per plant were produced in second year
(1.66) of the experiment as compared to the first year
(1.58). The effect of types of compost and all
interactions remained non-significant as reported in
Table-4.

Table-4: Effect of MSWC application on leaf area, number of leaves per plant, plant

of Cobs per plant
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The number of cobs per plant is determined by the
growth behavior of the plant, which is dependent upon
edaphic and climatic factors and management practices
(Shah et al., 2009). Our observations are comparable
with the findings of Khaliq et al., (2004) who reported
that the number of cobs per plant was increased with
increasing levels of organic amendments. With the
application of MSWC, plants received an adequate
supply of nutrients throughout their growth period,
which resulted in a prolific number of cobs per plant.
Furthermore, regular application of organic fertilizers
improved soil fertility which resulted in a higher
number of cobs in the second year as compared to the
first year.

height, and number

Leaf Area Number of Plant height Number of
Factors/ parameters (cm?) leaves plant? (cm) cobs plant?
Treatments (T)
Control 317.6 d 13.65b 180.42 d 1.29 d
NPK (120-90-60) 4213 b 14.63 a 202.58 b 192 a
MSW Compost 6 t ha* 322.8cd 14.13 ab 182.75cd 1.38 cd
MSW Compost 12 t ha'* 330.3 ¢ 14.27 ab 18542 ¢ 143 ¢
MSW Compost 18 t ha'* 4156 b 1442 a 199.03 b 177 b
MSW Compost 24 t ha'? 438.8 a 1473 a 207.75 a 1.95 a
Significance/LSD 7.823 0.679 3.575 0.133
Years (Y)
Year 1 371.86 14.05b 191.25 b 158 b
Year 2 377.02 1456 a 194.73 a 1.66 a
Significance/LSD Ns 0.354 2.450 0.057
Composts (D)
Fresh Dumpsite (D1) 375.42 14.40 19457 a 1.65
Old Dumpsite (D2) 373.46 14.21 19142 b 1.59
Significance/LSD Ns Ns 2.639 Ns
Interaction Significance levels
DxY Ns Ns Ns Ns
TxY Ns Ns Ns Ns
TxD Ns Ns Ns Ns
TxYxD Ns Ns Ns Ns

T= Treatments, Y = Years, D = Dumpsite compost, D x Y= Interaction between dumpsite composts and years, T X
Y= interaction between treatments and years, T x D = Interaction between treatments and dumpsite composts, T X Y
x D = Interaction between treatments, years and dumpsite composts, Ns = Non-significant, means with similar

letters are not significantly different at P<Z 0.05.

V. Cobs Yield kg ha?

Results regarding cobs yield (kg ha?) as affected by
different types and rate of application of MSWC are
presented in Table-5. The results showed that
treatments and types of MSWC significantly affected
cobs yield of maize crop. The higher cobs yield was
obtained when MSWC applied at the rate of 24 t ha?
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(4658) followed by NPK treatment, MSWC at the rate
18 and 12 t ha! treatments with an average cob yield
4474, 4383 and 4102 kg hal cobs, respectively.
Moreover, it was observed that the effect of fertilizer
treatment was statistically at par with MSWC applied
at the rate 24 t ha, and MSWC treatment of 12 t ha™!
was statistically at par with 6 t ha™ (4102). Though, the
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effect of year as a source of variation was insignificant,
higher number of cobs (4289) were reported in the
second year of experiment as compared to cobs yield
(4211) in first year of the experiment. Furthermore, the
statistical analysis of data revealed that significantly
greater cobs yield was recorded with the compost
derived from freshly dumped waste collected from
dumpsite D; (4309) as compared to the compost
derived from mining of old dumpsite D, (4191).

The results indicated that the cobs yield of maize
significantly increased with an increasing rate of
MSWC application. In a similar study, Prabpai et al.,
(2009) reported that the application of compost
increased the yield by 50-85 %. Likewise, Reddy
(2000) reported that compost application at the rate 20 t
ha-! increased the yield of vegetable crops. The
increase in growth and yield of a crop depends on the
type and rate of MSWC application (Lilly white et al.,
2009).

V1. 1000 Grain Weight (g)

The higher 1000 grain weight (270 g) was recorded with
MSWC applied at the rate of 24 t ha™* followed by NPK
(265 g) and MSWC at the rate 18 t ha' (261 g).
Furthermore, it was recorded that MSWC at the rate 6 t
ha! and 12 t ha' were statistically at par with each
other yielding 238 g and 242 g weight of 1000 grains,
respectively. Similarly, the years as a factor showed
that significantly greater 1000 grain weight were
recorded during second year (253 g) of experiment as
compared to first year (251 g). The effect of types of
compost showed that MSWC derived from freshly
dumped waste (D1) had significantly greater 1000 grain
weight (254 g) of maize crops as compared to the
compost derived from old dumpsite D, (191 g). A
quick review of Table 5 points out the fact that the
effect of all the possible interactions for 1000 grain
weight of maize crops were non-significant.

The 1000 grain weight of maize increased with an
increasing level of MSWC application. Similar
observations were also recorded by Mantovani and
spadon (2017), reporting that the yield parameters of
maize, such as 1000 grain weight, increased with an
increasing level of urban waste compost application up
to 40 M t ha-t. The heaviest 1000 grain weight with
higher compost level may be due the accessibility of
higher nutrients absorption at grain filling stage and their
translocation in to the sinks which may have resulted in
highest 1000 grain weight (Amanullah et al., 2009).
Grain weight and grain development is the interaction
of temperature, humidity and availability of water in
soils. These were favorable reported during second
year and hence resulted in higher 1000 gain weight.
Muhammad and Jan (2016) findings also support our
results who concluded that increased in 1000 grain
weight might be result of prolonged and better growth
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of crops due to the carry over effect of the nutrients
during second year of the experiment.

VII. Grain Yield (kg ha?)

Grain yield is a standard measurement of the
production harvest for the crops, which mainly depends
on soil fertility, water availability, agronomic practices
and environmental factors. The statistical analysis of
data indicated that treatments, years and types of compost
significantly enhanced the grain yield of maize crop. The
highest grain yield of maize was recorded with
application of MSWC at the rate of 24 t ha* (4087 kg ha
1 followed by NPK treatment (3861 kg ha). Likewise,
MSWC at the rate 18, 12 and 6 t ha* produced 3660
3492 and 3492 kg ha grains, respectively, which were
significantly greater than control (2769 kg ha%).
However, the effect of MSWC at the rate 18 t hawas at
par to the NPK treatment. The years as factor also had
significant effect on grain yield of maize. The higher
grain yield was recorded in second year (3605 kg ha)
of experiment, as compared to first year (3460 kg ha).
Furthermore, it was observed that MSWC derived from
freshly dumped waste (Di) produced significantly
higher grain yield (3633 kg ha') as compared to the
grain yield (3433 kg ha'l) obtained with compost
derived from old dumpsite D (Table-5).

Khan, 2015 in his study, also reported that increasing
the compost application up to 20 t ha-! significantly
increased the grain yield of maize from 1855 kg ha-! to
2318 kg ha-t. Similarly, Mantovani and Spadon, (2017)
reported that compost application at the rate 30 and 40
Mg ha-! significantly increased the grain yield of
maize. Moreover, Onwudiwe et al., (2014) reported
that the application of compost at a higher rate not only
increases the grain yield but also enhances the
biological yield of a crop. Furthermore, different types
of MSW used for composting also have significant
effects on grain yield. The higher yields were recorded
with the compost derived from freshly dumped MSW
due to the higher content of organic matter. A number
of researchers (Nasim et al., 2012) reported that MSW
when freshly used for composting purposes had
significant impact on soil and crop yield. Karthika et
al., (2018) reported that application of MSWC
improved soil health which in turn improved all the
physiological processes of crops. It was recorded in the
present study that continuous use of MSWC over years
significantly increased the grain yield of maize.

VIII. Biological Yield kg ha!

Statistical analysis of data showed that different rates,
types of compost and years as a factor significantly
affected the biological yield of maize crops (Table-5)..
It was recorded that greater biological yield (10059 kg
ha'!) was gained with the application of MSWC at the
rate 24 t ha* followed by NPK treatment (9853 kg ha't)
and MSWC at the rate 18 t ha with 9679 kg ha?
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biological yield. Similarly, MSWC applied at the rate
12 tha' and 6 t ha produce 9290.4 and 8868.2 t ha*
biological yield respectively. Which was significantly
higher as compared to the control treatment (7156 kg
ha?). Data regarding the effect of types of compost
showed that the compost made of the mining materials
of the freshly dumped waste, designated as D;,
produced significantly higher biological vyield,
mounting to 9235 kg ha? as compared to that of the
compost obtained from the mining of old landfill site
designated as D, with a production of 9067 kg ha*
biological yield. The effect of years as a factor revealed
that significantly higher biological yield (9322 kg ha')
was recorded in the second year of the experiment as
compared to the results of the first year (8978 kg ha).

ISSN: 1673-064X

application. Similar results to our findings were also
reported by Khan et al., (2008) reporting that
accessibility to nutrients throughout the growing period
enhances the biological yield of crops. Similarly, it was
observed that MSWC derived from freshly dumped
waste significantly increased the biological yield
compared to the compost derived from longstanding
dumped waste. The compost derived from the freshly
dumped waste contains quantities of organic matter
compared to the old dumped waste. Our findings were
in conformity to the findings of Zhou et al., (2015) who
reported that the composting materials from landfill
sites has a high level of plant essential nutrients and
organic matter content, which significantly promoted
the growth of plants.

In addition, it was observed that among all the possible
interactions the effect of treatment into year (T * ¥)
was found significant (Table-5). The results revealed
that the higher dose of MSWC application increased
the biological yield of maize crop as compared to the
all other treatments and the increase was compounded
in the second year of experiment showing a linear
increase across the rate of application (Fig-1).

In present study, the biological yield of maize crops
increased constantly with increasing levels of MSWC.
The increase in biological yield can be attributed to the
overall improvement in growth and yield indicators
due to the enhanced availability of nutrients and other
physicochemical properties of soil with MSWC

Fig. 1: Interactive effect of treatment into year (TxY)

interaction of MSWC on the biological yield of Maize
crop.
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Table-5: Effect of Compost Application on Cob Yield, 1000 Grain Weight, Grain Yield and Biological Yield

of Maize.

Cob Yield 1000 Grain Grain yield Biological Yield (Kg
Factors/ parameters (Kg ha?) Weight () (Kg ha) ha)
Treatments (T)
Control 38485 d 237.08 e 2769.8 ¢ 7156.8 e
NPK (120-90-60) 4473.6 ab 265.75 b 3861.2 ab 9853.6 ab
MSW Compost 6 t ha't 4035.8 cd 238.92 de 3328.5d 8868.2 d
MSW Compost 12 t ha! 41025 ¢ 24242 d 3492.3 cd 92904 ¢
MSW Compost 18 t ha! 43838 b 261.50 ¢ 3660.9 bc 9679.6 b
MSW Compost 24 t ha! 4658.1 a 270.75 a 4087.3 a 10059.0 a
Significance/LSD 192.95 3.703 278.17 315.42
Years (Y)
Year 1 42114 251.69 b 3460.8 b 8978.7b
Year 2 4289.4 253.78 a 3605.9 a 93228 a
Significance/LSD Ns 1.849 143.55 85.40
Composts (D)
Fresh Dumpsite (D1) 43095 a 254.14 a 3633.0a 9235.3a
Old Dumpsite (D-) 41913 b 25133 b 3433.7b 9067.3 b
Significance/LSD 93.419 4.064 179.53 70.61
Interaction Significance levels
DxY Ns Ns Ns Ns
TxY Ns Ns Ns *
TxD Ns Ns Ns Ns
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TxYxD | Ns |

Ns | Ns | Ns

T= Treatments, Y = Years, D = Dumpsite compost, D x Y= Interaction between dumpsite composts and years, T X
Y= interaction between treatments and years, T x D = Interaction between treatments and dumpsite composts, T X Y

x D = Interaction between treatments, years and dumpsite composts, * = Significance level at P=: 0.05, Ns = Non-
significant, means with similar letters are not significantly different at P=2 0.05.

4. Conclusions

The result obtained from the present study revealed
that application of composts derived from MSW
significantly improve the physico-chemical properties
of the soil. Two different types of composts (fresh and
old composts) derived from municipal solid waste were
used for the growth of maize crops. The results showed
that treatments, years and types of dumpsite composts
were the major sources of variation and significantly
affected the growth and vyield of spring maize.
Application of compost derived from freshly dumped
waste (D) significantly increased the growth and yield
parameters of maize as compared to compost derived
from old dumpsite (D2). The compost application at the
rate 24 t ha! reduced the need for commercial fertilizer
without affecting the grain yield. Therefore, application
of MSWC at the rate 24 t ha* is suggested to boost the
growth and yield of maize crop and minimize the cost
of production in Peshawar.

Data Availability Statement:

Acknowledgement: Authors are thankful to the
University of Peshawar for giving the opportunity to
work on this important topic.

Funding: This work is self-owned and not supported
by any funding agency.

Conflict of Interest: The authors declare that they
there is no conflict of interest. They have no relevant
financial or non-financial interest to disclose.

Author’s Contribution: Miss Malghalara is the
primary authors of this manuscript as this work is a
part of her PhD thesis. Dr. Mohammad Nafees
designed the method, Dr. Yousaf Noor helped in
experimentationsand in data analysis.

Refrences

1. Ahmad, R., Muhammad, D., Mussarat, M., Fahad,
S., Ullah, S., Ahmad, T., & Wahab, S. (2018).
Effect of Different Levels of Nitrogen on Yield of
Colocasia (Colocasia esculenta) at District
Malakand  Dargai. Open  Journal of  Soil
Science, 8(02), 87-98.

2. Akoijam, Y., Devi, A. S., & Singh, J. E. (2017).
Impact of solid wastes treatment on growth pattern
of Capsicum annum and soil
properties. Environment and Ecology, 35, 2813-
3816.

3. Amanullah and A. Khan. 2015. Phosphorus and
compost management influence maize (Zea mays)
productivity under semiarid condition with and

http://xisdxjxsu.asia

10.

11.

12.

VOLUME 20 ISSUE 03 MARCH 2024

without phosphate solubilizing bacteria. Frontiers
in Plant Science. 6:1-8.

Amanullah, M. Asif, S. S. Malhi and R. A.
Khattak. 2009. Effects of phosphorus fertilizer
source and plant density on growth and yield of
maize in Northwestern Pakistan. Journal of Plant
Nutrition. 32: 2080-2093.

Bakht, J., S. Ahmad, M. Tariq, H. Akber and M.
Shafi. 2006. Response of maize to planting
methods and fertilizer N. Journal of Agricultural
and Biological Science. 1: 8-14.

Barzegar, A. R., Yousefi, A., & Daryashenas, A.
(2002). The effect of addition of different amounts
and types of organic materials on soil physical
properties and yield of wheat. Plant and
soil, 247(2), 295-301.

Chen, J. H. 2006. The combined use of chemical
and organic fertilizers and/or biofertilizer for crop
growth and soil fertility. In International workshop
on sustained management of the soil-rhizosphere
system for efficient crop production and fertilizer
use. 16:1-11.

Civeira, G. (2010). Influence of municipal solid
waste compost on soil properties and plant
reestablishment in peri-urban
environments. Chilean Journal of Agricultural
Research, 70(3), 446-453.

Crecchio, C., M. Curci, M.D. Pizzigallo, P.
Ricciuti and P. Ruggiero. 2004. Effects of
municipal solid waste compost amendments on
soil enzyme activities and bacterial genetic
diversity. Soil Biology and Biochemistry. 36:
1595-1605.

Erana, F. G., Tenkegna, T. A., & Asfaw, S. L.
(2019). Effect of agro industrial wastes compost
on soil health and onion yields improvements:
study at field condition. International Journal of
Recycling of Organic Waste in Agriculture, 8, 161-
171.

Faisal, S., B. Ahmad, K.A. Inamullah, S. Ali and
I. Ullah. 2021. Effect of organic and inorganic
fertilizers on penology of Maize varieties. Pure
and Applied Biology (PAB). 4:434-440.

Ghaly, A. E.,
and F.N. Alkoaik. 2010. Effect of municipal solid
waste compost on the growth and production of
vegetable crops. American Journal of Agricultural
and Biological Sciences. 5: 274-281.

503-522


http://xisdxjxsu.asia/

Journal of Xi’an Shiyou University, Natural Science Edition

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

Giannakis, G. V., Kourgialas, N. N,
Paranychianakis, N. V., Nikolaidis, N. P., &
Kalogerakis, N. (2014). Effects of municipal solid
waste compost on soil properties and vegetables
growth. Compost science & utilization, 22(3), 116-
131.

Hargreaves, J. C., Adl, M. S., & Warman, P. R.
(2008). A review of the use of composted
municipal solid waste in agriculture. Agriculture,
ecosystems & environment, 123(1-3), 1-14.
Hossain, M. Z., Fragstein und Niemsdorff, P. V.,
& Hel, J. (2017). Effect of different organic
wastes on soil properties and plant growth and
yield: a review. Scientia Agriculturae
Bohemica, 48(4), 224-237.

Imran. 2015. Effect of germination on proximate
composition of two maize cultivars. Journal of
Biology, Agriculture and Healthcare. 5; 123-128.
Igbal, M. M., Murtaza, G., Saqib, Z. A., & Rashid,
A. (2015). Growth and physiological responses of
two rice varieties to applied lead in normal and
salt-affected  soils. International ~ Journal  of
Agriculture and Biology, 17(5). 901-910.

Karthika, K. S.,, V. R. R. Parama, C. A.
Srinivasamurthy, B. Hemalatha and 1. Rashmi
2018. Evaluation of industrial waste-municipal
solid waste composts as a source of nutrients and a
study on its effect on soil properties, growth, yield
and nutrient uptake in maize (Zea mays
L.). International ~ Journal of Current and
Microbiology and Applied Sciences. 7: 2249-
2264,

Kebede, T., Diriba, D., & Boki, A. (2023). The
Effect of Organic Solid Waste Compost on Soil
Properties, Growth, and Yield of Swiss Chard
Crop (Beta wvulgaris L.). The Scientific World
Journal, (2023),1-10.

Kelley, A., Wilkie, A. C., & Maltais-Landry, G.
(2020). Food-based composts provide more soil
fertility benefits than cow manure-based composts
in sandy soils. Agriculture, 10(3), 69.

Khaliq, T., T. Mahmood and A. Masood. 2004.
Effectiveness of farmyard manure, poultry manure
and nitrogen for corn (Zea mays L.
productivity. International Journal of Agriculture
and Biology. 2:260-263.

Khan, A. A. 2015. Influence of compost
application and seed rates on production potential
of late sown maize on high elevation in Swat-
Pakistan. Journal of Environment and Earth
Science. 5:36-40.

Khan, H. Z., M. A. Malik and M. F. Saleem. 2008.
Effect of rate and source of organic material on the
production potential of spring maize (Zea mays
L.). Pakistan Journal of Agriculture
Science. 45:40-43.

http://xisdxjxsu.asia

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

VOLUME 20 ISSUE 03 MARCH 2024

ISSN: 1673-064X

Khan, H. Z., S. Ighal, A. Igbal, N. Akbar and D.L.
Jones. 2011. Response of maize (Zea mays L.)
varieties to different levels of nitrogen. Crop and
Environment. 2:15-19.

Khan, H., K. B. Marwat, M. A. Khan and S.
Hashim. 2014. Herbicidal control of parthenium
weed in maize. Pak. J. Bot. 46:497-504.

Khan, S., Rehman, S., Khan, A. Z., Khan, M. A,
& Shah, M. T. (2010). Soil and vegetables
enrichment with heavy metals from geological
sources in Gilgit, northern Pakistan. Ecotoxicology
and environmental safety, 73(7), 1820-1827.
Lillywhite, R. D., M. E. Dimambro and C. R.
Rahn. 2009. Effect of five municipal waste derived
composts on a cereal crop. Compost Science &
Utilization. 17:173-179.

Liu, L., S. Wang, X. Guo and H. Wang. 2019.
Comparison of the effects of different maturity
composts on soil nutrient, plant growth and heavy
metal mobility in the contaminated soil. Journal of
Environmental Management. 250:2-11.

Mandal, A., Dolamani A., Thakur J. K. Manna,
M.C. (2020). Municipal Solid Waste Compost and
its Effects on Soil Health. Indian Journal of Waste
Management. 4(1):19-26.

Manirakiza, N., & Seker, C. (2020). Effects of
compost and biochar amendments on soil fertility
and crop growth in a calcareous soil. Journal of
Plant Nutrition, 43(20), 3002-3019.

Mantovani, J. R., and F. Spadon. 2017. Soil
chemical properties and nutrients in maize
fertilized with urban waste compostl. Pesquisa
Agropecuéria Tropical. 47:186-194.

Muhammad, Z., and M. T. Jan. 2016. Evaluation
of different composts composition on the yield and
yield components of maize (Zea mays L.). Sarhad
Journal of Agriculture. 32: 156-167.

Naderi, R., and H. Ghadiri. 2010. Urban waste
compost, manure and nitrogen fertilizer effects on
the initial growth of corn (Zea mays L.). Desert
.15:159-165.

Nasim, W., A. Ahmad, T. Khalig, A, Wajid, M. F.
H. Munis, H. J. Chaudhry and H. M. Hammad.
2012. Effect of organic and inorganic fertilizer on
maize  hybrids  under  agro-environmental
conditions of Faisalabad-Pakistan. African Journal
of Agricultural Research. 7:2713-2719.

Nikejah, O. N., C. Onyeonagu and Kolawole.
2014. Composted municipal solid waste and NPK
fertilizer effect on vyield, yield components and
proximate composition of maize. African Journal
of Agricultural Research. 9(23): 1778-1786.
Obidiebube, E. A., U. A. Achebe, S. O. Akparobi
and P. E. Kator. 2012. Effect of different levels of
NPK (15: 15: 15) on the growth and yield of maize

503-522


http://xisdxjxsu.asia/

Journal of Xi’an Shiyou University, Natural Science Edition

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

in rainforest agro-ecological zone. International
Journal of Agriculture Science. 2: 1103-1106.
Oljaca, S., S. Vrbnicanin, M. Simic, L. Stefanovic
and Z. Dolijanovic. 2007. Jimsonweed (Datura
stramonium L.) interference in
maize. Maydica. 52: 329-333.

Onwudiwe,
N., O. U. Benedict, P. E. Ogbonna and E. E.
Ejiofor. 2014. Municipal solid waste and NPK
fertilizer effects on soil physical properties and
maize performance in  Nsukka, Southeast
Nigeria. African Journal of Biotechnology. 13: 68-
75.
Prabpai, S., L. Charerntanyarak, B. Siri, M. R.
Moore and B. N. Noller. 2009. Effects of residues
from municipal solid waste landfill on corn yield
and heavy metal content. Waste Management. 29:
2316-2320.
Rahman, M. M., M. S. H. Bhuiyan, M. A. Rouf, R.
R. Sarker, and M. H. Rashid. 2020. Quality
Assessment  of  Municipal ~ Solid  Waste
Compost. Acta Chemica Malaysia. 4(1): 33-39.
Reddy, V. C., K. Shyamala and T. N. Anand.
2000. Effect of urban garbage compost on the
performance  of  sequential  cropping  of
vegetables. Mysore  Journal of  Agricultural
Sciences. 34: 294-296.
Ryan, J., Estefan, G., & Rashid, A. (2001). Soil
and plant analysis laboratory manual, International
center for Agricultural Research in the Dry Areas
(ICARDA). Aleppo, Syria.1-173.
Shah, S. T. H., M. S. I. Zamir, M. Waseem, A. Ali,
M. Tahir and W. B. Khalid. 2009. Growth and
yield response of maize (Zea mays L.) to organic
and inorganic sources of nitrogen. Pakistan Journal
of Life and Social. Sciences. 7: 108-111.
Shah, Z., Jani, Y. M., & Khan, F. 2014. Evaluation
of organic wastes for
composting. Communications in Soil Science and
Plant Analysis, 45(3), 309-320.
Simeon, P. O., and B. Ambah. 2013. Effect of
municipal solid waste on the growth of maize (Zea
mays L.). Academic Journal of Interdisciplinary
Studies. 2: 67-74.
Soltanpour, P. N., & Schwab, A. P. (1977). A new
soil test for simultaneous extraction of macro-and
micro-nutrients in alkaline soils. Communications
in soil science and plant analysis, 8(3), 195-207.
Srivastava, V., A. S. F. De Araujo, B. Vaish, S.
Bartelt-Hunt, P. Singh and R.P. Singh. 2016.
Biological response of using municipal solid waste
compost in agriculture as fertilizer
supplement. Reviews in Environmental Science
and Bio/Technology. 15: 677-696.

http://xisdxjxsu.asia

48.

49.

50.

VOLUME 20 ISSUE 03 MARCH 2024

ISSN: 1673-064X

Steel, R. G., and J. H. Torrie. 1980. Principles and
procedures of statistics, a biometrical approach
(No. Ed.2). McGraw-Hill Kogakusha, Ltd.

Walter, 1., Martinez, F., & Cuevas, G. (2006).
Plant and soil responses to the application of
composted MSW in a degraded, semiarid
shrubland in central Spain. Compost science &
utilization, 14(2), 147-154.

Zhou, C., W. Xu, Z. Gong, W. Fang and A. Cao.
2015. Characteristics and fertilizer effects of
soil-like materials from landfill mining. CLEAN—
Soil, Air, Water. 43: 940-947.

503-522


http://xisdxjxsu.asia/

