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Abstract 

Nitrogen is vital and primary nutrient for plant growth and major constituent of 

chlorophyll, the compound by which plants utilize sunlight energy to produce 

starch from water and carbon dioxide (i.e. photosynthesis), protein formation, 

and influences plant development. The research was conducted to assess the 

effect of nitrogen levels and tillage implements on the maize growth and yield at 

Agronomy Research Farm, The University of Agriculture Peshawar during 2024. 

The experiment was designed in randomized complete block design (RCBD) 

with split plot arrangement in four replications. The experiment was consisted of 

two-factors in which one factor was tillage implements. The tillage implements 

were operated in main plots i.e. Mouldboard plough as (Deep tillage, DT), field 

cultivator (Shallow tillage, FC) and Rotavator (minimum tillage, RT). The 

second factor was nitrogen levels in the sub plots i.e. the application of urea (120 

and 180 kg ha-1) as well as farmyard manure (FYM) i.e. 12 and 18 tons ha-1 

incorporated before sowing as well as control. Maize variety (Azam) was sowing 

on ridges in the month of July 2024. Based on experimental results DT increased 

numbers of leaves plant-1 (13), leaf area (476.4 cm2), plant height (203 cm), 

number of ears (6.1 m-2), grains ear-1 (349), thousand grain weight (256 g), 

biological yield (10429 kg ha-1) and grain yield (3518 kg ha-1) than the either FC 

or RT. High mineral nitrogen applied at the rate of 180 kg ha-1 delayed tasseling 

(55 days), silking (62 days), physiological maturity (113 days), increased 

numbers of leaves plant-1 (14 leaves), leaf area (492.1 cm2), plant height (212 

cm), ear length  (17 cm), number of rows ear-1 (14 rows), number of ears (6.5 m-

2), grain ear-1 (390 grains), thousand grain weight (273 g), biological yield (11110 

kg ha-1) and grain yield (3983 kg ha-1) as compared to control plot. From the 

results it was concluded that the deep tillage i.e. mould board plough and high 

mineral nitrogen (urea – N) application at rate of 180 kg ha-1 is suitable for 

increasing the grain yield and yield components of maize crop in experimental 

location. 
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Introduction 

Maize (Zea mays L.) is an essential cereal crop globally and is widely grown in Pakistan in both irrigated 

and rainfed areas (Rizwan et al., 2017). Maize is a critical source of food, feed and industrial raw materials, 

playing a vital role in food security and providing food and livelihoods for millions of people in Pakistan 

(Rizwanullah et al., 2023). The crop has significant economic, social and cultural importance in Pakistan 

and it has been recognized as a vital component of the country's agriculture sector (Azam and Shafique, 

2017). It is the third widely cultivated crop after wheat and rice in many countries. It is widely grown in 

temperate, subtropical and tropical climatic regions (Soto-Gómez and Pérez-Rodríguez, 2022). It can be 

grown on all types of soils varying from sandy to clayey, however, soil with pH 6.5 to 7.5 is most ideal 

for maize (Adiaha, 2016). Maize yield in the Khyber Pakhtunkhwa is very less as compared to the 

provinces of Pakistan due to low fertility of soil, and less organic matter (Shah et al., 2020). The arable 

land of Pakistan is deficient in organic matter and in primary nutrients such as nitrogen (N) (Ahmad et al., 

2019). Less crop production is the most challenging factor for agriculture scientist in Pakistan due to very 

less organic matter and exhausted soil with the deficiency of nutrients. Nitrogen fertilization is one of the 

most crucial factors for crop growth and development (Khan et al., 2022).  

Nitrogen is a vital element required for plant growth, development and productivity (Leghari et al., 2016). 

It is a key component in the synthesis of proteins, nucleic acids, chlorophyll, also played a vital role in the 

photosynthesis and respiration processes of plants (Fathi, 2022). The nitrogen deficiency in soils lead to 

stunted plant growth and less productivity (Abbas et al., 2021). Thus, the application of nitrogen fertilizers 

had become an influencing practice in modern agriculture to enhance crop production and yield (Giordano 

et al., 2021). Nitrogen fertilizers are chemical compounds that provide plants with a concentrated source 

of nitrogen (Ohyama, 2010). They are commonly used in agricultural production in the form of ammonium 

nitrate, urea and ammonium sulfate (Chien et al., 2011). Synthetic application of Nitrogenous fertilizers 

may enhance plant growth and development but it is not long-term solution; therefore, combining it with 

organic sources is necessary to acquire long term fertility, improve soil health and crop productivity 

(Gurmu, 2019). 

The application of farmyard manure is another important factor that can affect soil enzymatic activities, 

microbial symbiosis and soil health (Brar et al., 2017). The farmyard manure fertilizers played a vital role 

in the growth of plants (Negassa et al., 2005). The abundance of well-decomposed farmyard manure 

favored the activity of enzymes in the soil (Kumar et al., 2021). The farmyard manure application for soil 

conditioner dates back to ancient times and its benefits are still being explored as large quantities are 
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needed to fulfil the nutritional requirements of crops (Yilman and Alagöz, 2010). The use of organic 

manure has regained popularity worldwide because to the need for renewable forms of energy and reduced 

fertilization costs (Smith et al., 2015). Increased use of organic matters promotes soil health in the long 

term of farming practices, sustainable farming and environmental health conditions. (Tahat et al., 2020). 

Among the all agricultural practices, Tillage is one of the important agricultural practice that has been 

used for thousands of years to prepare the soil for planting and increase crop yields (Lal, 1991). Over time 

new techniques and technologies have been developed to improve tillage practices and approached for 

sustainability and health of soil (Shahane and Shivay, 2021). In recent years there has been a growing 

body of research on the influence of tillage on health of soil, growth of plants and environmental 

sustainability (Busari et al., 2015). Mouldboard plough tillage implement significant increase plant height, 

due to fine seed bed preparation, increased field capacity and provided optimum condition for root 

development also increase the mass flow of nutrients towards plant among tillage implements (Parvin et 

al., 2014). The use of the Rotavatour can improve soil structure such as soil aggregate stability, bulk 

density and water infiltration leading to increased crop yields (Zhang et al., 2024). The use of the field 

cultivator can improve soil physical properties, such as soil aggregate, stability and water infiltration 

leading to increased crop yields (Indoria et al., 2016)  

Keeping the above facts, the current study was conducted to explore the impact of mineral nitrogen and 

farm yard manure (FYM) on growth and yield attributes of maize crop under various tillage implements. 

MATERIALS AND METHODS 

Experimental Procedure  

The impact of various nitrogen, farm yard manure under different tillage implements on maize growth 

and yield was evaluated at the Agronomy Research Farm, The University of Agriculture Peshawar, during 

the Kharif season of 2024. Maize variety (Azam) was sown in July on a prepared field. The experiment 

was performed in a randomized complete block design with split-plot arrangement, each treatment was 

replicated four times. The three tillage implements, Rotavator, field cultivator and Mouldboard plough, 

were used. In contrast, nitrogen source urea fertilizer (120 and 180 kg ha-1), and farmyard manure (12 and 

18 tons ha-1), with control included in the experiment. The tillage implements were allotted to main plots 

and the fertilizer treatments to subplots. The sub-plot size was kept at 5×4 m2, containing six rows having 

meters in length. The row-to-row and plant-to-plant distances were maintained 75 cm and 25 cm, 

respectively. Maize variety (Azam) was sown on ridges. Weeds were controlled through roughing. 
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Experimental Factors  

The experiment consisted of two factors, which included tillage implements and fertilizer treatments. 

Factor A, tillage implements, consisted of three levels: Rotavator, Field Cultivator and Mouldboard 

plough. Factor B, fertilizer treatments, included five levels: F1-control (no fertilizer applied); F2-optimum 

mineral nitrogen at 120 kg ha⁻¹; F3-high mineral nitrogen at 180 kg ha-¹; F4-optimum farmyard manure 

at 12 tons ha⁻¹; and F5-high farmyard manure at 18 tons ha⁻¹. 

Data Parameters 

Data on various phenological and growth parameters of maize were collected during the growing season. 

Days to emergence were recorded as the number of days from sowing until 80% seedling emergence 

occurred. Days to tasseling and silking were counted when 80% of the plants in a plot produced tassels 

and silk, respectively. Similarly, days to physiological maturity were noted when 80% of the plants 

reached maturity. The number of leaves plant-1 was recorded from five randomly selected plants per plot 

at physiological maturity, and averaged to determine the leaf count. For leaf area (cm²), ten plants were 

sampled at random for each treatment, and leaf length and width were calculated using a measuring tape, 

and the average leaf area was calculated using a standard formula. Plant height (cm) was measured at 

physiological maturity from the base to the last leaf with a measuring rod on five randomly selected plants 

plot-1 and averaged. Ear length (cm) was assessed using a measuring tape on five randomly selected ears 

per plot and the average values were calculated. The number of ears m2 was estimated by counting ears in 

a one-meter row at three randomly selected places within each plot and converting the data to ears m⁻² 

using a standard formula. For the number of grains per ear, 10 ears were selected at random from each 

plot, counted individually, and averaged. Thousand grain weight (g) was finally determined after threshing 

and drying by weighing a sample of 1,000 grains from each experimental unit and averaging for analysis. 

Grain yield (kg ha-1) 

 The harvested three central rows of grain yield were used for grain yield after sun drying threshed and 

grains weighed with an electronic balance and then data were converted into kg ha-1 by following formula. 

Grain yield (kg ha−1) =
Grain yield in three central rows 

Row length × R − R distance × Number of rows
× 10000 𝑚2 
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Biological yield (kg ha-1) 

At maturity, three central rows in each experimental unit were harvested, dried in the sun for five days 

and weighed to record the biological yield. The data were converted into kg ha-1 by following formula. 

Biological yield (kg ha−1) =
Biological yield in three central rows 

Row length × R − R distance × Number of rows
× 10000 𝑚2 

Harvest index (%) 

The ratio of grain yield to biological yield was calculated as the harvest index. Then the data multiplied 

by one hundred to express the values in percentages. 

Harvest index (%) =
Grain yield  

Biological yield  
× 100 

Statistical Analysis 

The data were statistically analyzed using analysis of variance techniques applicable for randomized 

complete split block design. When the F-values are significant, a LSD test at the 0.05 level of probability 

was applied for comparing means (Steel and Torrie, 1996). 

Results  

Days to emergence 

Data pertaining days to emergence across different treatments is present in Figure 1 (a). The resulting data 

shows that the shortest days to emergence were recorded 6.8 days with FYM at 18 t ha-1 under the 

Rotavatour, indicating a strong positive influence of organic amendments towards early seedling 

establishment. On the other hand, the longest maize emergence was recorded 8.5 days with N application 

at 120 kg ha-1 under the Field Cultivator. The Intermediate maize emergence values were recorded 7.5 

days with FYM at 12 t ha-1 under Mouldboard Plough implement and 7.6 days N application at 180 kg/ha 

under Rotavator conditions, suggesting some moderate influence on the emergence. Overall, FYM 

treatments have encouraged higher emergence rates faster than mineral nitrogen or control treatments; 

however, Field Cultivator does tend to delay emergence in all fertilizer conditions. 

Emergence m2 
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The impact of different fertilization and tillage implements on emergence m2 is demonstrated in Figure 1 

(b). depicting the highest emergence was recorded 12.5 plants m-2 with FYM at 18 t ha-1 under Rotavator, 

closely followed by the same treatment under Mouldboard Plough and Field Cultivator, indicating an 

optimum response to such high organic matter application. Control treatment had shown the minimum 

number of emergence, 10.5 plants m² in response to the overall tillage implement, showing the prominent 

effect of nutrient application. The average emergence level was obtained 11.5 plants m² from the mean N 

180 kg ha-1 treatment, particularly under Mouldboard Plough and Rotavator, representing an improvement 

compared with the control. 

Days to Tasseling 

Figure 1 (c) depicts the effect of different tillage implements and fertilizer treatments on the days to 

tasseling in the maize crop. For the control treatment, days to tasseling were recorded 52.3, 52.6, and 52.9 

for Mouldboard Plough, Field Cultivator, and Rotavator, respectively. Under the application of N 120 kg 

ha-1, tasseling took place at 54.2, 54.6, and 54.9 days for the same implements, with N 180 kg ha-1 resulting 

in tasseling at 55.3, 55.7, and 56.1 days for the respective implements. The application of FYM at 12 t ha-

1 caused tasseling at 53.7, 54.1, and 54.3, while with FYM at 18 t ha-1, it was 54.8, 55.0, and 55.2. These 

results suggest that increasing nitrogen application or FYM application generally delays tasseling, while 

the Rotavator slightly prolongs the tasseling period compared with other implements, but the difference 

in tillage methods was relatively small. 
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Days to Silking 

Days to silking response vary in response to various tillage implements and fertilizer treatments, as shown 

in Figure 1 (d). Findings of the current study show that the maximum days to silking were recorded 56.8 

under Rotavator with 180 kg N ha-1 application, while the minimum days were observed 53.1 in the control 

treatment with Mouldboard Plough. A Mid-range value of days was recorded 54.7 under Field Cultivator 

with FYM 12 t ha-1. The inference drawn is that higher doses of nitrogen influence the delay in silking, 

while the absence of fertilizers application reduces days till silking, and organic amendments give an 

intermediate response depending on the tillage method used. 

Days to Physiological Maturity  

Different tillage implements and fertilizer treatments variously affect the number of days to physiological 

maturity in maize, as shown in Figure 2 (e). Resulting data show that the maximum days to physiological 

maturity were recorded at 125.7 days under 180 kg N ha-1 application with Mouldboard Plough, whereas 

the lowest days count was observed 105.3 from the control treatment with Rotavator. The average value 

was recorded 115.2 days using the Field Cultivator with FYM 12 t ha-1. The deduction derived is that 

greater nitrogen levels delay physiological maturity, while no fertilizer treatments stimulate it, and 

application of organic amendments like FYM has shown an intermediate response conditioned by the 

types of tillage implements used. Therefore, optimum fertilization is necessary to get optimum 

physiological maturity duration and ensure better production.  

Leaf area cm2 

Figure 2 (f) illustrates the influence of various tillage implements and fertilizer treatments on the leaf area 

(cm²) plant-1 in maize. Data from the experiment shows that the highest leaf area was recorded 520.6 cm² 

under Mouldboard Plough with the application of 180 kg N ha-1, while the lowest leaf area recorded was 

under the control treatment with Rotavator (310.4 cm²). the optimum leaf area was recorded 450.3 cm² 

following the Field Cultivator implement with FYM 12 t ha-1. The results suggest that higher nitrogen 

application significantly increases the leaf area in maize, whereas without fertilizers, canopy development 

is restricted, and organic amendments such as FYM give average results, which depend on the tillage 

implement in use. 
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Plant height cm  

The average value of plant height was remarkably affected by various tillage implements, farm yard levels 

and nitrogen levels, as demonstrated in Figure 2 (g). The plant height shows a response differently across 

various treatments, moreover Mouldboard Plough treatment of 180 kg N ha-1 resulted maximum plant 

height of 233.7 cm, respectively, while under the application of Rotavator, a minimal height of 143.3 cm 

has been recorded for the control treatment. Field Cultivator and FYM at 12 t ha-1 recorded an optimum 

plant height of 199.5 cm. The data indicate that higher nitrogen level applications significantly enhance 

growth during active tillage with implements like the Mouldboard Plough, but growth is reduced in the 

absence of fertilizer applications, the least amount with the Rotavator. Organic amendments like FYM 

thus give a response of growth in the moderate range, which varies with the tillage system. 

Ear length cm  

Data regarding the Ear length of maize plants across various treatments is present in the Figure. The figure 

2 (h) shows that the ear length was notably affected by different nitrogen, farm yard manure levels under 

various tillage practices. Furthermore, resulted data found a maximum of up to 18.4 cm using the 

Mouldboard Plough with 180 kg N ha-1 application, while the minimum ear length (12.6 cm) was recorded 

under control treatment with Rotavator implement. The optimum ear length was observed 16.1 cm under 

the Field Cultivator with FYM at 12 t ha-1. Results show that ear development is greatly improved by 

increased nitrogen fertilization, particularly under deep tillage methods like the Mouldboard Plough. 

Without fertilizer, ear length would be shorter, with very low performance. Organic manure application 
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produced moderate improvement because it releases nutrients slowly and has a long-term effect, leading 

a sustainable production. 

Number of Rows ear-1 

The Figure 3 (i) the number of rows ear-1 in maize with different tillage implements in combination with 

different fertilizer treatments. Results show that the maximum rows per ear were recorded 15.6 under 

Mouldboard Plough with 180 kg N ha-1, followed by 13.1 rows under Field Cultivator with FYM at 12 t 

ha-1. In contrast, the minimum was found 8.2 under the control treatment with the Rotavator. These results 

suggest that intensive tillage with a moderately high level of nitrogen makes a significant improvement in 

the reproductive development of maize, as reflected in the higher number of rows per ear. 

Ear m2 

The Response of ear m2 under different tillage implements and fertilizer treatments of maize is represented 

in the Figure 3 (j). The ear m2 of maize plants was found to be maximum in response to an increase in 

fertilization levels under Mouldboard ploughed tillage application. Furthermore, results from the study 

show that the maximum ear area was recorded 7.3 m² with the application of N @ of 180 kg ha-1 under 

Mouldboard Plough, and the minimum 4.2 m² was recorded on the control treatment with Rotavator. An 

intermediate ear m2 of 6.0 m² was recorded under Field Cultivator with FYM at 12 t ha-1. The results 

suggest that deeper tillage practices such as the Mouldboard Plough, combined with higher nitrogen 

application rates. 
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Grains ear-1 

The Figure 3 (k) shows the number of grains ear-1 in maize concerning the application of tillage 

implements and fertilizers. The resulting data shows the maximum grain count was observed 406 under 

Mouldboard Plough with 180 kg N ha-1 application, whereas the minimum grain count was recorded 235 

under Rotavator in the control treatment. the optimum grain ear-1 was recorded 360 using the Field 

Cultivator under FYM at 12 t ha-1. These results illustrate that maximum nitrogen level combined with 

high tillage practices like the Mouldboard Plough significantly improves grain formation in maize.  

1000-Grains weight  

The Figure 3 (l) shows the 1000-grain weight (g) of maize obtained under different tillage implements 

and fertilizer treatments. Findings show that the Mouldboard Plough with 180 kg N ha-1 resulted in the 

maximum grain weight of 290 g, followed by 260 g grain weight obtained from the Field Cultivator with 

FYM at 12 t ha-1. In contrast, the lowest grain weight was recorded 145 g in the control treatment with 

Rotavator. The high nitrogen application combined with deep tillage enhances grain filling and weight, 

while low soil disturbance and lack of fertilizers have detrimental effects on grain weight.  

Grain Yield kg ha-1 

Figure 4 (m) compares yield of maize in response to different treatments. There is a remarkable effect of 

different tillage implements and fertilization levels. Moreover, it was observed that the maximum grain 

yield was produced 4280 kg ha⁻¹ by using the Mouldboard Plough with a rate of 180 kg N ha-1, while the 

minimum yield recorded was 1820 kg ha-1 under the Rotavator in the control treatment. Field Cultivator 

combined with FYM at 12 t ha-1 resulted in the optimum yield of 3670 kg ha⁻¹. Results indicate that the 

deep tillage operation and high nitrogen application have a prominent effect on maximizing maize 

productivity.  

Biological Yield kg ha-1 

Biological yield (kg ha⁻¹) of maize as affected by different tillage implements and fertilizer treatments is 

illustrated in the Figure 4 (n). Data from the experiment shows the highest biological yield 12,120 kg ha⁻¹ 

under Mouldboard Plough with 180 kg N ha-1, followed by 10,580 kg ha⁻¹ under Field Cultivator with 

FYM at 12 t ha-1. The lowest biological yield was observed 7, 380 kg ha⁻¹ in the control treatment with 

the Rotavator. The results showed that deep tillage as well as higher nitrogen input resulted in maximum 
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total biomass production in maize. In contrast, poor tillage implements and minimum fertilizer application 

restrict vegetative and reproductive growth. 

Harvest Index % 

Figure 4 (o) depicting the harvest index (%) of maize under different tillage implements and different 

fertilizer treatments. The maximum harvest index, which is 38.2%, was observed under Rotavator using 

180 kg N ha-1 application, while the minimum was noted 24.5% in the control treatment and Rotavator 

tillage implement.  The optimal harvest index was noted 33.7% under Field Cultivator with FYM at 12 t 

ha-1. The results show that the harvest index is highest for the deeper tillage operations, such as the 

Mouldboard Plough, but such operations may compromise the conservation tillage practices, such as the 

Rotavator. Under higher nitrogen input, the increase in the efficiency of biomass partitioning to grain is 

assisted by deeper tillage; under low nitrogen input, the harvest is less efficient. The organic treatments 

seem to react more uniformly in terms of productivity, depending on the intensity of tillage adopted. 

 

Discussion 

Tillage implements and nitrogenous fertilizers had non-significant effects on days to emergence on the 

maize crop. This effect is due to endospermic food present inside seed which is primary source of food 

for the seedling. The seedling utilized endosperm to manage all its physiological processes during 

germination and seedling growth (Iqbal et al., 2021).  However, the application of manure had improved 
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the soil structure in term of optimal atmospheric temperature (Ahmed et al., 2022), and sufficient moisture 

storage (Abbas et al., 2023). There-fore influenced the days to emergence on the application of manure 

fertilizer. 

Tillage implements and nitrogenous treatments did not affect emergence per square meter. These findings 

also line with findings of Ibrahim and khan (2020) from the findings it is confirmed that nitrogen levels 

did not affect the emergence per square meter of maize because of the reason that germination of seed and 

seedling mainly depend upon on endospermic food rather on nitrogen at very early physiological processes 

(Qadeer et al., 2021). The food is mostly available to seed and seedling in the form of endosperm or in 

cotyledons, which provide all the necessary food for viable seed germination. 

Maize days to tasseling were non-significant affected by tillage implements, while nitrogen treatments 

significantly affected days to tasseling. Nitrogen an increased level (180 kg ha-1) delayed days to tasseling 

because it increases maize vegetative growth, by chlorophyll formation continuously in leaves of the plant 

and thus leaf senescence (Ashenafi et al., 2023). These results are also confirmed by the findings of 

(Gheith et al., 2022), which stated that nitrogen increased maize physiological parameters and increased 

its vegetative growth phase and thus delayed maize tasseling. 

Tillage implements had a non-significant effect on maize days to silking and maturity; however 

nitrogenous fertilizers had a significantly effect on days to silking and physiological maturity. Maize crop 

took more to silking and maturity on application of nitrogen at level of 180 kg ha-1 as compared to control 

plot which took more days to silking and maturity because of nitrogen which increases maize plant 

vegetative growth and chlorophyll synthesis formation thus delay senescence and plant tend to continue 

grow and delayed phenological parameters (Liang et al., 2023). These results were also confirmed by 

(Anwar et al., 2020) that increasing nitrogen levels in maize plants tend to delay tasseling, silking and 

maturity. Higher levels of nitrogen resulted prolonged vegetative growth phase. 

Tillage implements and nitrogenous treatments had significant effects on the number of leaves per plant. 

These findings are also in line with the findings of (Majide et al., 2020) which showed that deep tillage 

improves the soil’s properties, such as nitrogen availability and soil organic matter. These results were 

also confirmed by researchers (Adhikari et al., 2021), the increase in the number of leaves due to a 

decrease in the soil bulk density and lower nutrient volatization rates by 20–30%, helped in uniformly 

distributing nutrients in soil and increased growth and yield. Deep fertilizer application is an effective 
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strategy for minimizing gaseous losses and improving the nutrient use efficiency (Wu at al. 2022), high 

nitrogen application would be conducive to higher canopy photosynthetic capacity (Li et al., 2021). 

The leaf area of maize was significantly influenced by tillage implements and the application of 

nitrogenous fertilizers. The deep tillage increased the loss of soil, better root interception, aeration and 

gaseous exchange and enhanced the mobility of nutrients. The results also match the available literature 

(Lamidi et al., 2021).  The results are also supported by the finding of (Ali et al., 2020) stated that deep 

tillage had a strong impact on maize root initiation and root growth of maize plants, which favours higher 

nutrient uptake. Nitrogen applied at the rate of 180 kg ha-1 recorded maximum leaf area of maize as 

increased levels of nitrogen is crucial to increased maize growth as a result of sufficient availability of 

nitrogen the growth cells tend to expend and thus helped in longer the leaf area and increased leaves 

number (Akmal et al., 2020). The higher nitrogen concentration in the leaves of plants as well as in the 

roots increased the cell number and expanded the leaf area greater than plants gown in non-fertilized plots 

(Shahid et al., 2021). Another possible cause is that the nitrogen increased the formation of chlorophyll, 

which is the primary constituent of the photosynthetic machinery of plants (Akram et al., 2020). 

Plant height was significantly influenced by tillage implements and nitrogenous fertilizers. Deep tillage 

implements a significant increase in plant height due to the fine seed bed preparation, increased field 

capacity and provides favourable conditions for root development, also increasing the mass flow of 

nutrients towards the plant among tillage implements (Khan et al., 2023; Wasaya et al., 2021). Nitrogen 

influences the production of growth hormones such as auxins and gibberellins, and hence increases plant 

height. These hormones are responsible for maize plant height, increased cell elongation and cell division 

(Zulfiqar et al., 2023; Ali et al., 2022). Higher nitrogen availability can increase these hormones, which 

increase stem elongation and maize plant height. The results are also supported by the results of (Shahzad 

et al., 2020), which stated that an increase in nitrogen levels from 90 kg ha-1 to 160 kg ha-1 significantly 

increased maize plant height. 

Nitrogen treatments had a significant effect on ear length and the number of rows per ear. Nitrogen 

treatments increase both ear length and the number of rows per ear. The results are similar to the findings 

of earlier researchers (Ahmad et al., 2022), an increase in ear length, due to nitrogen sufficiency and other 

essential nutrients, which increased ear length and number of rows ear-1. The application of nitrogen 

increased the protein percentage, an increase in ear length, number of rows ear-1 (Azam et al., 2023). 

Similar results were reported by (Anjum et al., 2022), reported that the adequate amount of nitrogen to 

the plant highly increase in vegetative growth which increased length of ear and number of rows ear-1, 
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(Ghasemi et al., 2021) reported that highest ear length was observed in nitrogen application plots and 

smallest ear length in the plots where nitrogen was not applied. 

Tillage implements and nitrogenous treatments had significantly effect on number of ears m-2. These 

results are supported by (Oyeranmi et al., 2021) observed that tillage implements, and nitrogen levels had 

significant effect on number of ears m-2. Similar findings were also documented by (Saeed et al., 2023), 

stated that the effects of nitrogen statistically differ among the treatments.  

Grain ear-1 was affected by both tillage implements and nitrogen treatments. Deep tillage helps improve 

soil aeration and root penetration. By loosening the compacted soil, tillage allows plant roots to reach 

nutrients and absorb adequate moisture, which is essential for both healthy root development and better 

crop growth (Fahad et al., 2024). The results are also supported by (Mehranet al., 2023) who observed 

that deep tillage implements like Mouldboard plough significantly increased grain ear-1 due to uniform 

and fine seed bed preparation in response to improved water holding capacity. The nitrogen levels also 

increased in the number of grains ear-1 (Anjum et al., 2022) and it was reported that 180 kg N ha-1 gives 

higher number of grain ear-1. Other researchers (Nawaz et al., 2023) also reported that higher nitrogen 

levels allowing the plants to increase photosynthetic processes to accumulate more biomass with higher 

capacity to convert more photosynthates into sinks help in increase more grains ear-1. These results are 

also in agreement with the finding of (Ahmad et al., 2022) reported that grain number per cob was highest 

at the highest nitrogen level. 

Tillage implements and nitrogenous treatments had a significant effect on thousand-grain weight. The 

weight of the thousand grains was higher in the deep tillage tilth plot as compared to other tilth plots. 

These findings are also supported by (Arshad et al., 2020), who reported that deep tillage increases water 

holding capacity than shallow tillage, and hence crop growth. The plant absorbed better moisture and more 

nutrients and performed optimal physiological processes, which increased the yield and yield components 

of maize (Faheem et al., 2022). Similarly, nitrogen also played a crucial role in increased thousand grain 

weight (Saeed et al., 2023), The results are in agreement with Ahmad et al., 2021) stated that increasing 

nitrogen levels increased thousand grain weight. The results are also in line with the results of (Azam et 

al., 2024). It may be due to high photosynthetic and enzymatic processes, which increase the crop growth 

and hence the grain weight.  

Biological yield was affected by tillage implements and nitrogen treatments. Among tillage implements 

the deep tilth plot increased biological yield of maize crop, may be soil loosing, better water infiltration 
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and nutrients cycle (Ramadhan, 2021) the results are also confirmed by (Asenso et al., 2022) Based on 

statistical analysis the deeper tillage increased biological yield as a result of better nutrients and water 

availability to plants during growth and reproductive stages, to meet their requirements. Nitrogen at higher 

doses also increased biological yield as compared to control and lower nitrogenous sources (Adhikari et 

al., 2021). The results are supported by the finding of (Asibi et al., 2021) stated that increased levels of 

nitrogen showed higher biological yield than non-nitrogenous plots.  

The grain yield of maize was significantly affected by tillage implements and nitrogen source. It was noted 

that the mould board plough had increased maize grain yield as compared to other tillage implements by 

improving soil structure and nutrient availability, root penetration and nutrient uptake in deeply tilled soils 

(Haseeb et al., 2021). Deep tillage increased porosity, aeration, effective gaseous exchange and allows 

roots to absorb water and nutrients, resulting in increased maize grain yield (Zhai et al., 2021). The results 

are confirmed by previous literature (Yang et al., 2020), which stated that deep tillage improved soil 

physical properties such as decreased bulk density and water retention, resulting in increased maize grain 

yield. The deep tilled reduced soil compaction and nitrate leaching, enhanced nutrients, led to increased 

maize grain yield (Mingotte et al., 2020). The results are also supported by the findings of earlier 

researchers (Khan et al., 2021), who reported that high nitrogen levels had increased maize grain yield, as 

nitrogen played a key role in vegetative growth, resulting in an increase in maize yield. Similarly, (Khan 

et al., 2024) also reported that increased nitrogen levels led to a highly improvement in maize yield, 

nitrogen levels increase plant vigour as a result of N addition, resulting in better cob formation, ultimately 

increasing maize grain yield. The nitrogen application played a vital as it is a main constituent of 

chlorophyll production, which is the primary source of photosynthesis to convert light energy into 

chemical energy in the form of starch, which ultimately increased maize yield (Ahmad et al., 2021). 

The harvest index was affected by the nitrogenous source. Higher levels of nitrogen showed increased 

harvest index as compared to the control. The results are confirmed by the previous findings of (Hammad 

et al., 2020) stated that an increased level of nitrogen significantly increases grain yield and harvest index. 

The results are supported by Shah et al., 2020) reported that nitrogen is vital for photosynthesis to 

accumulate more assimilate, which helps in increased maize grain yield. The results are also confirmed 

by (Mahmood et al., 2022) stated that increased levels of nitrogen significantly increased production, 

ultimately a higher harvest index.  
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Conclusion and Recommendation  

The current study concluded that the Mouldboard plough being a deep-tillage implement, significantly 

improved overall growth and yield components such as leaf number plant-1, leaf area, plant height, number 

of ears m2, grains ear-1, thousand grain weight, grain and biological Yield. However, emergence days, 

tasseling, and silking were not influenced much by the tillage type. Nitrogen at 180 kg ha⁻¹ considerably 

delayed phenological stages such as tasseling, silking, and physiological maturity, but it indeed had a 

positive effect on all major growth and yield parameters that ultimately contributed to a 10.5% increase 

in grain yield concerning 120 kg ha⁻¹ N and a 3.3% increase concerning 18 tons FYM ha⁻¹. Thus, it was 

concluded that among various tillage implements, the Mouldboard plough can be rated quite high for 

maize cultivation, while 180 kg ha⁻¹ mineral nitrogen is the most suitable application for optimizing maize 

growth and yield. It is thereby suggested that farmers practice deep tillage with Mouldboard ploughs 

supplemented with mineral nitrogen to derive maximum maize yield. Further research may deal with the 

joint long-term effects of deep tillage and integrated nutrient management upon the health of soil and 

stability of maize yield.  
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