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INTRODUCTION

Maize (Zea mays L.) is one of the world’s most important cereal grains due to its improved
adaptability to a wide variety of environments (Seleiman et al, 2018). Maize is used both as a
tood for humans and as feed for animals. It also provides raw materials for industries (Tasneem
et al.,, 2004). Maize grain comprises starch (72%), protein (10%), oil (4.8%), fiber (5.8%), sugar
(3.0%) and ash (1.7%) (Chaudhry, 1983). It is a rich source of raw material for the industry,
where it is being roughly used for the preparation of derivatives like corn starch, corn oil,
dextrose, corn syrup, corn flakes, cosmetics, wax, alcohol and tanning material for the leather
industry (Crawford et al.1982). In the KPK farming system, its range is the 2" after wheat in
importance (Ali et al, 2012). The green revolution triggered significant growth in crop
production, particularly in cereals like maize, wheat and rice in Pakistan, but it also introduced
new challenges to the soil, like soil erosion, soil degradation and reduction in organic matter of
the soil. These problems are caused by the continuous use of chemical fertilizers (Farhad et al,
20009).

The average potential yield of maize is greater than our average national yield. Several
tactors are responsible for the low production of maize in Pakistan. One of the most important
limiting factors is the fertility level of the soil. The addition of biochar to soil improves soil
fertility on a sustainable basis. Biochar is a rich carbon-based compound and is resilient to
microbial degradation. Biochar addition to the soil can decrease the nitrogen (N) leaching and
volatilization as well as increase NUE (Hiba et al., 2012). Biochar is formed from the pyrolysis
of different organic wastes (Lehmann et al., 2003). The combined application of NPs and both
animal and plant biochar has a positive influence on sunflower yield (Mahmoud et al, 2020).
The application of biochar is very significant for improving degraded soil. Its application
improves physical and chemicals properties of soil such as water holding capacity, permeability,
bulk density, cation exchange capacity and retention of nutrients availability (Mahmoud et al,
2019; Rana et al, 2021), It also improves biological properties of soil such as microbial biomass,
microbial activity, and microbial population thus increasing crop growth and yield (Glaser et
al., 2002; Yuam et al.,, 2011). The influence of biochar on the physical properties of soil mainly
depends on the interaction of biochar by the means of physico-chemical properties of soil as

well as other factors such as biochar application management and climatic conditions
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(Elshaybet al., 2022; Verheijen et al., 2004).

The eldest and easy accessibility of FYM. Because all the essential nutrients were present and
easily mineralizable form (Jat et al, 2012). It plays a significant role in productivity and
improving soil fertility. Balanced plant nutrition has a positive effect on soil chemical, physical
and biological properties and improves soil structure and water holding capacity (Mohankumar
and Gowda, 2010). Entirely depend on FYM or combined with synthetic fertilizer can be
efficiently utilized for nutrient supplementation (Rasheed et al, 2003). Application of FYM
reduces the total dependence on synthetic fertilizer and in combination with P fertilizer, was
found effective in enhancing the efficiency of inorganic P fertilizer (Whalen and Chang, 2001).
Sewage sludge produced as high biomass yield as synthetic fertilizers. In addition, it improved
growth and quality of biomass (Mahmoud et al, 2013). Sludge—peat mix application resulted in
the highest leaf area and biomass accumulation of maize (Mahmoud et al,, 2012).

Nitrogen is one of the factors that significantly affect the growth, development, quality,
and yield of maize crops. The use of urea for improving the yield of a crop is evident since the
green revolution due to its great impact (Eid ez al, 2020; Rana et al, 2021; Ali et al.,, 2011a;
Habtegebrial et al., 2007). Urea results in an increased 43-68% grain yield and 25-43% biomass
in maize crops (Ogola et al,, 2002). Application of Nitrogen improves wheat yield on clay loam
soils under a flood irrigation system (Gul et al, 2022). Complete dependence on inorganic
tertilizers also increased the cost of production. The extreme use of the inorganic N fertilizer
not only hastens soil degradation but also creates many ecological hazards (Al et al, 2011a; Liu
et al., 2010). The integration of organic and inorganic fertilizer applications is necessary not
only for improving crop production quality but also to ensure soil sustainability (Jaliya et al,
2008; Lungu et al., 2008). Sewage sludge and synthetic fertilizer applications resulted in higher
N uptake in maize (Seleiman and Mahmoud Fathy 2014). Better fertilizer use efficiency was
gained under the syndicate use of both organic and inorganic materials in soil (Sharif et al,
2002). JA, SA, Pro, and their combination increased the uptake of essential nutrients, such as N,
P, and K, that are required for plant growth (Mahmoud et al.,2020).

Keeping the above scenario in view, the present study is conducted to investigate the
effect of integrated use of biochar, and farmyard manure with nitrogen levels for improving the

yield of maize on a sustainable basis without damaging the environment.
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MATERIALS AND METHODS

EXPERIMENTAL LOCATION

A field research was designed on “Integrated use of biochar (BC), farmyard manure (FYM) and
nitrogen levels for improving yield and yield component of maize” at the Agriculture Research
Farm of Abdul Wail Khan University Mardan, Garden Campus. The experimental design was
an RCB design having three replications with 36 plots. The plot size was 3m x 2m. Each plot
consists of 4 rows with a row-to-row distance of 75 cm and a plant-to-plant distance of 25cm.
EXPERIMENTAL PROCEDURE:

The experimental field was prepared by ploughing twice, followed by planking to break clods
and level the soil surface before sowing. Hybrid maize cultivar CS-220 was sown at the seed
rate of 25 kg ha-1 on March 5, 2018, using a seed drill. Nutrient management consisted of
Diammonium phosphate (DAP), farmyard manure (FYM), biochar (BC), and urea phosphorus
and nitrogen sources. Nitrogen was applied in a split dose (sowing, then upon determining a
height of 30 ¢cm in plants, and with the last at tasseling) to maximize nitrogen use efficiency.
The first irrigation was done 15 days after sowing, followed by weekly irrigations that were
dependent on soil moisture and temperatures.

TREATMENT COMBINATION

The treatment combination of the experiment is mentioned in table 1.

TABLE 1: DETAILS OF TREATMENTS USED IN THIS EXPERIMENT.

T1 Control

T2 50 % Recommended Fertilizer (HF)
T3 100% Recommended Fertilizer (RF)
T4 15 t ha' Biochar (BC)

Ts 10 t ha! Farm Yard Manure (FYM)
Te6 15 t ha BC + 50% HF

T7 10 tha' FYM + 50% HF

T8 15 t ha'+ 100% RF

T9 10 tha' FYM + 100% HF

T10 15 tha? BC + 100 t ha' FYM
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T11 15tha!?BC + 100 tha! FYM + 50% HF
T12 15tha! BC+ 100 tha'! FYM + 100% RF
GROWTH TRAITS

The following traits relating to the growth and yield of the crop were recorded.

PLANT HEIGHT (CM)

Data on plant height were recorded by selecting five plants randomly in each plot. The plant
height was measured with the help of a meter rod by measuring the plant from the base of the
plant to the tip of the tassel and the average was worked out.

EAR LENGTH (CM)

Data on ear height were recorded by selecting five plants randomly in each plot. The ear height
was measured with the help of a meter rod by measuring the ear from the base to the tip of the
ear and the average was worked out.

NUMBER OF GRAINS COB™

Data on the number of grains cob were recorded by selecting six eras in each plot and by
counting all the grains in each cob and then the average grains cob™ was calculated.

GRAIN YIELD (KG HA™)

Data on grain yield (kg ha™') was taken by threshing the ears of harvested four central rows and
then weighing on a digital balance. The grain yield (kg ha') was determined by using the
tollowing formula:

Grain vield = Weight of Grain % 1000
rain YIe8 = No. of Rows x Row to Row Distace X Row Lenght

BIOLOGICAL YIELD (KG HA™)

Data on biological yield (kg ha') were recorded by harvesting four central rows on
physiological maturity and then kept for sun drying. Complete loss of the green color was used
as a sign of maturity. The dried crops were weighed on digital balance. The biological yield (kg
ha™) was calculated using the following formula:

_ Weight of Plant
~ No. of Row x Row to Row Distance x Row Lenght

STATISTICAL ANALYSIS
The statistical analysis of data was done by the ANOVA (Analysis of Variance) method for
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RCBD design with a factorial experiment. The Means were compared by Least Significant
Difterences (LSD) 5% test for the significant "IF" values. In order to calculate the ANOVA and
LSD value statistical software Statistics (8.1) was used.

RESULTS

PLANT HEIGHT (CM)

Figure 1 (a) presents the plant height of maize. The analysis of data shows that the plant height
of the maize crop was significantly affected by biochar, farmyard manure and nitrogen fertilizer.
The highest plant height was noted in plots treated with BC, FYM, 100 % recommended
tertilizer (234 cm), followed by the plots treated with FYM, 100 % recommended fertilizer (231
cm); however, the lowest plant height was noted in control plots (189 cm).

NUMBER OF GRAINS EAR™

Data related to the number of grains ear” are shown in Figure 1 (b). The statistical analysis
revealed that the number of grains ear' was significantly influenced by nitrogen fertilizer,
FYM and biochar. The maximum grains ear” was recorded in plots treated with biochar,
farmyard manure and 100% recommended fertilizer (549), followed by BC, FYM, 50 %
recommended fertilizer (539), while the minimum number of grains ear' was recorded in
control plots (495).

EAR LENGTH (CM)

Data regarding the Ear length of maize are shown in Figure 1 (c). The statistical analysis
shows the significant effect of biochar, FYM and N fertilizer on the ear length of the crop. The
maximum ear length was noted in plots treated with 100 % recommended fertilizer and
tarmyard manure (116 cm), followed by BC, 100 % recommended fertilizer (108 cm), which are
statistically similar to BC, FYM, 50 % recommended fertilizer. while the minimum ear length
was noted in plots treated with biochar (97 cm).

GRAIN YIELD (KG HA™)

Data related to grain yield of maize are presented in Figure 1 (d). The analysis shows that
Nitrogen fertilizer, farmyard manure and biochar significantly affect the grain yield of maize.
FYM + 100 % of recommended nitrogen fertilizer, biochar + FYM observed maximum grain
yield (5461 kg ha™') followed by FYM, 100 % recommended fertilizer (5257 kg ha™); however,
the minimum grain yield was recorded in plots that were treated with BC, FYM (3997 kg ha™').

http://amresearchreview.com/index.php/Journal/about |
AMARR VOL.3 Issue.4 2025

Page 432


http://amresearchreview.com/index.php/Journal/about

Annual Methodological Archive Research Review

http://amresearchreview.com/index.php/Journal/about

Volume 3, Issue 4(2025)

The application of biochar with nitrogen can increase the grain yield.

BIOLOGICAL YIELD (KG HA™)

Data regarding biological yield kg ha™' are shown in Figure 1 (e). The statistical analysis
revealed that the biological yield of the maize crop was significantly affected by FYM, N
tertilizer and BC. The highest biological yield was recorded in plots that were treated with
100 % recommended fertilizer, BC, FYM (14430 kg ha™'), followed by the plots treated with
100 % recommended fertilizer (13628 kg ha™), while the lowest biological yield was recorded in
control plots (9554 kg ha™'). Biochar has a long-term effect that affects the growth parameters

of maize. Delayed maturity, silking, and tasseling affect the economic position of the crop.
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Figure 1: The Graphs represent different yield traits (y-axis) of Maize in response to various treatments. The Graph (a)
shows Plant height. (b) Ear length, (¢) Grain Yield and (d) Biological Yield , respectively. Furthermore, the treatments are
present on (x-axis) following sequence T1= Control, T2= 50% of Recommended fertilizer (HF), T3= 100% of
Recommended fertilizer (RF). T4= 15 t ha'! Biochar (BC), T5= 10 ton Farm Yard Manure (FYM), T6= 15 t hal BC+50%
HF , T7=10 t ha! FYM+50% HF, T8= 15 t ha'! Biochar+100% RF, T9= 10 t hal FYM+100% RF. T10= 15 tha! BC+10 t
ha! FYM, T11=15tha! BC+10tha! FYM+50%HF. T12=15tha! BC+10t ha! FYM+100%RF.
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DISCUSSIONS

The integrated use of organic amendments such as biochar, farm yard manure (FYM) and
mineral nitrogen has emerged as a prominent approach for maximizing the growth and yield of
maize as well as improving soil health and sustainability (Imran, 2024). Recently, several
studies shown that the combination of biochar and nitrogen fertilizer improves the
physicochemical properties of soil, i.e., increased organic carbon, nutrient retention, and water-
holding capacity, while greatly enhancing maize productivity via large nutrient uptake, dry
matter accumulation, and grain yield, as compared to the elicitation of either of the two
amendments applied independently (Oladele et al, 2019). Also, the application of FYM with
nitrogen fertilizers results in greater improvement of some of the key yield parameters, such as
height, cob length, and grain yield, alongside building carbon sequestration within the soil and
enhancing its physical properties, especially at greater rates of application (Peng et al., 2021).

In the current study, the increased plant height (figure 1 “a”) by the addition of biochar,
tarmyard manure, and nitrogen fertilizers occurs due to improved soil fertility, nutrient
availability, and improved soil physical properties (Guatam et al., 2017). The synergistic eftect
of these amendments provides a greater environment for maize growth through increasing soil
organic matter, nutrient retention, and developing roots, increasing Plant height (Gao et al,
2020). For instance, a field experiment conducted in Western Ethiopia showed that the
combined application of maize cob biochar and mineral fertilizer significantly increased the
plant height of Maize (Zerssa et al., 2021). Another study confirmed that biochar application not
only enhances the nutrient content of the soil but also improves maize plant height due to
enhanced nutrient use efficiency and higher soil microbial activity (Song et al., 2019).

Due to increased soil fertility, better nutrient availability, and improved soil physical
properties, biochar, farmyard manure, and nitrogen fertilizer application would lead to an
increase in the number of grain spikes (figure 1 “b”) (Agegnehu et al, 2016). Their combination
uses increased organic carbon, total nitrogen, and essential nutrients in the soil, resulting in
dry matter and reproductive development in maize (Geng et al,, 2019). It has been shown that
biochar, when combined with nitrogen fertilizer, improves water retention and nutrient uptake
in soil, which further results in an increase in grain yield, yield components (Naeem et al., 2018).
A field experiment spanning over three years confirmed that increased application of biochar
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resulted in the maximum number of grains per row, along with more overall maize yield
(Minhas et al., 2020)

An increase in ear length (figure 1 “c”) due to biochar, farmyard manure (FYM), and
nitrogen fertilizer application can also be considered from another angle, namely nutrient
availability and soil conditions (Singh et al., 2020). Organic amendments like FYM and biochar
toster soil structure, moisture retention, and nutrient supplies, all of which promote longer ear
tormation (Singh et al, 2022). The coordinated release of nutrients through these sources
ensures complete ear elongation. In confirmation with these results are observations
suggesting that the integrated application of biochar and organic manures greatly enhanced
maize ear length due to improved soil fertility and nutrient uptake (Sarwar et al, 2023).
Complementary findings also noted that the application of nitrogen fertilizers and organic
amendments more positively affected ear size and maize productivity (Gul et al., 2021).

The improvement in maize grain and Biological Yield (figure 1 “d and e”) through the
concurrent use of farmyard manure, biochar, and nitrogen fertilizer can also be attributed to
such improvements in soil fertility, greater nutrient availability, and increased carbon stocks,
all benefiting crop growth and productivity (Agegnehu et al, 2017). Studies indicated that
biochar incorporated with nitrogen fertilizer considerably improves soil enzyme activity and
organic carbon content for higher maize yield relative to sole application (Sun et al, 2023).
Some Studies also report on the use of rates of biochar to increase maize biomass by more than
20% from that of the control, particularly when combined with fertilizers and other organic
amendments (Naeem et al, 2018). Another report confirmed that biochar and organic inputs
used in combination would significantly increase both biomass and grain yields in maize
through soil structure improvement and plant nutrition (Arif et al, 2021). Research has
similarly found that the integrated use of biochar and nitrogen fertilization improves soil
physicochemical properties and crop yields above and beyond either one alone (Naeem et al,
2018).

CONCLUSION AND RECOMMENDATION
The current study concluded that application of 15 t ha™! biochar, 10 t ha™ FYM and 150 kg ha-
! nitrogen fertilizer has shown a prominent effect on the yield and yield components of the

maize crop. As compared to sole nitrogen. Plant height, grain ear -!, Biological and grain yield
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kg ha! were best at BC, FYM, 100 % recommended fertilizer. while ear height was noted best

at BC, FYM, 50 % recommended fertilizer. So, it was recommended to farmers the use of

organic sources, biochar and FYM, along with nitrogen for the good health of the plant and
soil environment on a sustainable basis. Further study is needed to investigate the long-term
effects of these organic nutrient sources.
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