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ABSTRACT

Maize (Zea mays L.) is a crucial crop with global significance, providing sustenance and economic livelihood to
millions of people. Additionally, the implications of these interactions for sustainable agricultural practices and
resource-efficient water use have not been fully explored. This study seeks to address this critical knowledge gap by
systematically examining the interplay between irrigation intervals and tillage systems. This study aim to investigate
the influence of different irrigation intervals and tillage systems on soil moisture distribution, growth, and yield of
maize (Zea mays L.), thereby providing insights into optimizing water management practices for sustainable maize
cultivation.This study examined the influence of irrigation intervals and tillage methods on soil moisture distribution,
growth, and yield of maize (Zea mays L.) under semi-arid conditions. The research addressed a critical gap in
knowledge by evaluating the interaction between irrigation scheduling and tillage systems, and their combined effects
on soil moisture availability, crop growth, and yield performance. The experiment was conducted at the Teaching and
Research Farm, Faculty of Agriculture, University of Maiduguri (11°47.840'N; 13°12.021'E; 319 m above sea level),
where the physico-chemical properties of the soil were determined prior to planting. The study involved five tillage
methods: disc harrow (DH), disc plough (DP), double disc harrow (DDH), double disc plough (DDP), and a
combination of disc harrow and disc plough (DH + DP), alongside three irrigation intervals of two, four, and six days,
including a control. These treatments were factorially combined, replicated three times, and arranged in a Randomized
Complete Block Design (RCBD), resulting in 54 treatment plots over two cropping seasons. Basins were prepared
manually, and standard agronomic practices were followed throughout the experimental period. Data collected
included plant height, stem girth, number of leaves per plant, days to 50% tasselling and silking, cob length, cob
diameter, cob weight, 1000-seed weight, and seed weight per cob. The data were analyzed using Analysis of Variance
(ANOVA) in Statistical Analysis Software (SAS), with treatment means separated using Duncan’s Multiple Range Test
(DMRT). Regression analysis was also applied to develop a predictive model for maize yield. The results revealed that
both irrigation intervals and tillage methods significantly influenced maize growth and yield. Intensive tillage
practices, particularly double disc ploughing (DDP), double disc harrowing (DDH), and the combined disc harrow
plus disc plough (DH + DP), significantly enhanced vegetative growth, resulting in increased plant height, stem girth,
and leaf production compared to zero tillage. These improvements contributed to higher yield potential at harvest.
However, tillage practices showed limited effects on reproductive parameters. Regression analysis identified 1000-
seed weight, cob weight, and cob length as the most significant determinants of yield, collectively explaining over 91%
of the variation in maize productivity, while cob diameter and seed weight per cob were less influential. The study
further established that a two-day irrigation interval was the most effective for optimal maize growth and yield under
semi-arid conditions. Among the tillage systems, double disc ploughing produced the highest yield, whereas zero
tillage resulted in the lowest performance. Findings from this study provides evidence-based recommendations for
famers and policy makers to adopt the two days irrigation interval while the integration of appropriate agronomic
principles provides a robust foundation for growth and yield parameters of maize, DDP, DDH, and DH+DP are most
effective soil management practices for maximizing maize productivity under water limited conditions, particularly
the semi-arid region.
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Harrow, Plant Height.
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1 INTRODUCTION
rrigation is defined as the artificial application of water to the soil for the purpose of supplying
moisture which is essential for plant growth [1]. Irrigation is a pivotal practice in regions with erratic

rainfall patterns or limited water availability. Effective irrigation scheduling directly influences soil
moisture dynamics, which in turn affects nutrient uptake, photosynthesis, and overall plant performance.
Research by [2] underscores the significance of appropriate irrigation intervals in maintaining favorable soil
moisture levels, preventing water stress, and promoting optimal maize growth and yield. In contrast,
inadequate irrigation intervals can lead to physiological stress, reduced leaf area, and diminished grain yield
[3]. Tillage is mechanically manipulating soil to create an edaphic condition favorable to crop development,
infiltration capacity, aeration, and weed control. It is one of the forms of management practices of soil,
water, nutrient, crop and pests, but it also causes the evolution of greenhouse gases from soil to atmosphere
and even harms soil micro flora and fauna [32, 31]. Conventional tillage has several advantages, including
effective weed control, extensive crop residue integration, and increased microbial activity [33, 34]. Tillage
requires more energy, results in a more significant loss of soil moisture, creates a hard pan [35], makes
surface soil more susceptible to erosion, and degrades soil organic matter more quickly [36, 37]. According
to [38], the traditional tillage method weakens soil structure, speeds up the breakdown of organic matter,
and increases the danger of erosion. Moisture distribution refers to the spatial and temporal variation of
water content within soil layers and across landscapes. It plays an essential role in the hydrological cycle
because it influences evapotranspiration, groundwater recharge, plant growth, and climate interactions.
Understanding soil moisture distribution is therefore important for agriculture, irrigation management, and
environmental sustainability. Several studies have shown that soil moisture distribution is controlled by soil
physical properties such as texture, structure, porosity, and hydraulic conductivity. Coarse-textured soils
like sandy soils allow rapid infiltration but have low water-holding capacity, whereas clay soils retain water
for longer periods due to their fine pore structure [4]. Climatic factors also influence moisture distribution.
Rainfall provides the primary input of water into the soil system, while temperature, wind, and solar
radiation regulate evaporation and evapotranspiration processes. Research indicates that soil moisture tends
to increase with precipitation and decrease with higher temperature and sunshine duration [5]. Vegetation
further affects moisture distribution through root water uptake. Plants extract water from different soil
depths depending on their root systems, which creates vertical gradients in soil moisture within the root
zone [6]. Agricultural practices such as irrigation can also modify soil moisture distribution patterns,
particularly under drip irrigation systems where water spreads both vertically and horizontally from emitters
[7]. Recent technological advances have improved the monitoring of soil moisture distribution. Traditional
measurement methods such as gravimetric sampling and soil moisture sensors are now complemented by
remote sensing techniques and hydrological models, which enable researchers to observe soil moisture
dynamics over large spatial scales and longer time periods [8].Overall, understanding moisture distribution
is important for improving irrigation efficiency, predicting drought conditions, and managing water
resources sustainably. Efficient irrigation intervals and appropriate tillage systems play crucial roles in
determining soil moisture distribution, crop growth, and ultimately, yield. Irrigation is a pivotal factor in
modern agricultural practices, especially in areas where rainfall is inadequate or unpredictable. The timing
and frequency of irrigation events significantly impact soil moisture levels, affecting nutrient availability,
root development, and overall plant health. According to [9], improper irrigation intervals can lead to water
stress, reduced photosynthesis, and lower grain yields in maize crops. Conversely, optimal irrigation
scheduling enhances water use efficiency and promotes desirable growth patterns. [11] reported that water
scarcity is an ever-increasing problem in irrigation schemes which requires improved water management
that results in equitable and efficient distribution of the available water resources for irrigation supply.
Efficient operation and management of an irrigation system play an important role in the sustainability of
irrigated agriculture [10]. Thus, to determine the influence of irrigation intervals and tillage methods on soil
moisture distribution growth and yield of crops cannot be over emphasized. Maize (Zea mays L.) is a crucial
crop with global significance, providing sustenance and economic livelihood to millions of people. The
successful cultivation of maize is heavily reliant on optimal water management practices, including
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irrigation intervals and tillage systems. However, there exists a knowledge gap concerning the intricate
interactions between these factors and their combined effects on soil moisture distribution, crop growth, and
yield. Despite the importance of irrigation intervals and tillage systems, there is limited empirical research
that comprehensively investigates their synergistic influence on soil moisture dynamics and subsequent
maize productivity. The specific mechanisms by which varying irrigation intervals interact with different
tillage systems to impact root development, vegetative growth, and ultimately, yield remain inadequately
understood. Additionally, the implications of these interactions for sustainable agricultural practices and
resource-efficient water use have not been fully explored. This study seeks to address this critical knowledge
gap by systematically examining the interplay between irrigation intervals and tillage systems and their
cumulative impact on soil moisture availability, maize growth responses, and yield outcomes, in semi-arid
regions. The aim of this journal is to investigate the influence of different irrigation intervals and tillage
systems on soil moisture distribution, growth, and yield of maize (Zea mays L.), thereby providing insights
into optimizing water management practices for sustainable maize cultivation. The objectives of the study
are to; assess the status of soil moisture under different irrigation intervals and tillage methods on soil
physical properties and determine the influence of irrigation intervals and tillage methods on growth
parameters of maize.

2 MATERIAL AND METHOD
2.1 Experimental Site

The study was carried out at the Teaching and Research Farm, Faculty of Agriculture, University
of Maiduguri, (11°47.840°N; 13°12.021’E; elevation 319 m above sea level), Borno State. Borno State is
located in the northeastern sub-region of Nigeria. The map of Nigeria showing semi-arid region of Borno
State is presented in Figure 1. The rainfall in Maiduguri starts in May/June with moisture regime reaching
a peak in August and terminating in September/October each year. Mean annual rainfall in Maiduguri is
less than 500mm all concentrated between June to September [12]. The rainy season is followed by a long
dry season except during the short period of November to February when the harmattan blows. The period
can be quite cool and temperature as low as 18°C could be attained [12]. During the month of April to May,
the temperature could be as high as 45°C. However, during the harmattan period, the mean monthly
temperature could be as low as 22°C. The relative humidity of the area on average is low and August is the
most humid (68%) on the average. March is the least humid (12%). The soil of the research farm had earlier
been classified as Typic Upstisanment with Aeolian sand formation and weakly aggregated. The soil has a
sandy loam texture and made up of 6% silt, 17% clay and 77% sand. The coldest month of the year in
Maiduguri is January with average minimum and maximum temperature of 29°C and 42°C respectively
[13]. Also, the air temperature ranges between 21°C and 34°C, and relative humidity ranges from 60% to
83% [14]. The major crops grown in the area are maize, guinea corn, millet and rice, while vegetables grown
are tomato, onion, spinach, lettuce and okra [15].
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Figure 1. Map of Nigeria showing semi-arid region of Borno State
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2.2 Determination of Physico-chemical Characteristics of Soil of the Experimental Sites

The soil of the experimental site was sampled randomly by auger borings in four places to a depth
of 0-30 cm [15]. The soil samples were bulked, air-dried and sieved through 2 mm sieve before Physico-
chemical analysis was carried out in the Soil Science Laboratory of the Department of Soil Science,
University of Maiduguri. The particle size analysis was carried out using the Hydrometer Methods described
by. The textural class of the soil was obtained using Marshall’s textural class triangle. According to [19] on
good soils, maize can have a maximum rooting depth of 2.8m or deeper near the time of maturity.[20]
reported that, the roots of plants well-watered throughout the experimental period penetrated the soil profile
to a depth of 60cm while the greatest percentage of total root length was between 20 and 40cm. The pH was
determined by using glass electrode pH meter as described by [21]. The organic carbon content of the soil
was determined using the Dichromate Wet Oxidation Method described by [22]. Field capacity was
determined in the laboratory using a pressure plate to apply a suction of -1/3 atmosphere to a saturated soil
sample. When water is no longer leaving the soil sample, the soil moisture in the sample was determined
gravimetrically and equated to field capacity. Wilting point was determined in the laboratory, by the
retention curve method. Permanent wilting point; the permanent wilting point was estimated using the
procedure outlined by [23]. A cylinder was filled with air dried sieved soil and placed on a plate. The sample
was saturated with water and the plate with cylinder was transferred to a pressure chamber and a pressure
of 15 bars was applied. The sample was removed after extraction, weighed and oven dried for 24 hours at a
temperature of 105%. Soil sample was finally removed after drying and reweighed. The permanent wilting
points (PWP) were calculated from the formula:

Mw
PwP = —~ (1)

Where; PwP= Permanent wilting point on weight basis, (Kpa), Mw= Mass of water, (g/mol), Ms=
Mass of oven dried soil (Kg/m®). Available water content was determined by the three essential parameters,
apparent specific gravity of the soil(s), Depth of the Root zone of the plant (d) and water content (m). The
formula for calculating depth of available water:

Dw =s.d.m (2)

Where; dw = Depth of available water (m), s = Depth of the root zone of the plant (m), m = water
content (%).

Bulk Density was determined by excavating a quantity of soil, drying and weighing it and the Bulk
density was also determined with core sample [107] and calculated as:

Bulk Density =% 3)

Where; Mg is mass of oven-dried soil (g) and Vy is Volume of bulk soil (cm?3).
2.3 Experimental Design and Treatments

The experimental factors considered in this study are tillage methods and irrigation intervals, each
at three levels. The tillage methods are namely, disc harrow (DH), disc plough (DP), double disc harrow
(DDH), double disc plough (DDP) and disc harrow (DH) + disc plough (DP) and the irrigation intervals are
two days, four days, and six days respectively was considered and one control plot making total of nine
factors [16]. These factors were combined and replicated three times to form a total of 54treatments, which
was laid out in a Randomized Complete Block Design (RCBD) for the period of two years. The experimental
field was 55m x 32.5mand was divided into 54 plots of 5m x 5m with alleys of 0.5m between the plots. The
space was use to accommaodate the tread width of 2.5m and the length of 4.80m of the tractor with implement
and to allow the tractor gain speed before the tillage operation were carried out in line with [17]. The field
was cleared and laid out before the treatments were applied. Maize (Zea mays L.) seeds of TZE yellow
variety were planted [24]. Disc Ploughing was done at an average depth of 30cm with a 3- furrow mounted
Disc Plough (DP) having 65cm disc diameter. Harrowing was done with an offset Disc Harrow (DH) at an
average depth of 15 cm with 55cm diameter discs in line with [25]. Zero Tillage (ZT) involves planting on
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bare land with no soil disturbance, whereas the other treatments were carried out by Ploughing followed by
Harrowing using the above implements.

Table 1. Lists of scientific instruments and materials used for the study with their model

S/N Name of Instrument Function Model

1 Penetrometer Use to measure penetration resistance Cone base diameter 15mm, cone
angle 60° operating at 1829mm-,

2 Electronic weighing balanceCob weight,1000 sw, wspc,yield, for weighing soilModel SF- 400

scale sample etc
3 Soil moisture meter Use to determine soil moisture gravimetrically. Model KS-
D1 (4862).

4 Soil Auger Use for soil sample collection

5 Graduated Tape Use to measure plant height

6 Digital Vernier Calliper Use to measure the stem girth of the crop and cob200mm (8")
diameter.

7 Meter Rule Use to measure (leaf area and leaf area index) i.e. plant
leaf length and leaf width, cob length

8 Cutlass Use for harvesting of the matured crop

9 Axe Use for site clearing

10 Hoe Use for planting, weeding, site demarcation into basins

and experimental site leveling etc.
11  Measuring Tape and Rope Use for setting out of plots
12 Rubber Container Use for fertilizer application

13 Knapsack Sprayer Use to control pests and disease using
(kombatcypermethrine at 100ml/ ha).

14 MF 375 and Farm trac 60Use for harrowing and ploughing of the experimental
Tractor (2gang tandemplots respectively.
harrow and 3bottom disc
plough) respectively.

2.4 Determination of Soil Physical Properties

Soil bulk density was determined on undisturbed core samples using the core sampling method as
modified by [26]. Core samples were taken for the bulk density determinations before treatment application
at different stages of plants growth, that is, at initiation, development, plant maturity and harvest. Penetration
resistance was determined using a Penetrometer having a cone base diameter of 15mm and cone angle of
60° operating at 1829mm American Society of Agricultural Engineers Standards at the depth of 30cm.
Four Penetrometer readings were also taken in each plot. A distance of 5.0m was allowed between the three
replicates created around the borders of the experimental plots in order to accommodate the width and length
of the tractor with the attached implement and to allow the tractor gain speed before the tillage operation
was carried out, and to reduce the velocity of flowing water which could easily erode the loose soil. The
treatments were applied to the same plots for the two years on farm study. The variety of the maize used
was TZE Yellow, and the tillage treatments was applied using a Massey Ferguson 375 (MF 375) and
Farmtrac 60 tractors by using a 3-bottom disc plough and a 2-gang tandem harrow, was mounted on the MF
375 and Farmtrac 60 tractors respectively.
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2.4.1  Bulk density

Soil dry bulk density was determined on undisturbed core samples using the core sampling method
as modified by [26]. Core samples were taken for bulk density determinations before treatment applications
and at different stages of plants growth that is, at initiation, developmental, plant maturity and harvest. The
materials that were used for the determination of soil bulk density include the following: soil auger, core
sample cylindrical, sampling poly bag, and wooden plank, hammer/falling weight and digital weighing
balance. The following procedures were adhered to: (i) identify the sampling location. (ii) The soil samples
were collected from identified points at various depths, using sharp-edged cylindrical auger. (iii) The auger
was driven gently into the soil profile. (iv)The weight of the collected samples was measured and recorded
in a record book. (v) The soil samples were oven-dried at a temperature of 105° for 24 hours. (vi)Use the
Bulk Density equation (2.3) to calculate the bulk density of the soil.

2.4.2  Penetration resistance

Standard cone Penetrometer having a cone base diameter of 15mm and cone angle of 60° operating
at 1829mm-* [27] was used to measure penetration resistance of the soil at the depth of 30cm in line with
[17]. Four Penetrometer readings were also taken in each plot and recorded. The procedure for cone
penetration test (CPT), a cone on the end of a series of rods was pushed into the ground at a constant rate
and near-continuous measurements are made of the resistance to the penetration of the cone and of a surface
sleeve. At each collection point, the tip of the Penetrometer was inserted into the soil by applying enough
force, so that you are penetrating at a slow and consistent speed. Ensure that the Penetrometer is level.
Monitor the gauge and record the highest number for the current depth range.

2.4.3 Soil Moisture Content

Soil moisture content was determined gravimetrically following the samples taken. The gravimetric
moisture content was determined by weighing a moist sample, oven drying it at 105° for 24hours,
reweighing, and calculating the mass of water lost as a percentage of the mass of the dried soil. [27]. A
calibrated scientific speedy soil moisture meter KS-DI (4862) Model, was use to determine the soil moisture
content throughout the period of the experiment, in each experimental plot. The moisture meter was inserted
directly into the experimental plots in order to measure the soil moisture content before and after application
of the irrigation water to the field at a depth of 40cm in line with [43].

weight of wet soil (g) — weight of dry soil (g)
Weight of dry soil (g)

4

% soil moisture content =

3 RESULTS AND DISCUSSION

This paper presents the results and discussion of the study on the influence of irrigation intervals
and tillage methods on the growth and yield performance of maize under semi-arid conditions. The analysis
emphasizes key agronomic variables such as plant height, stem girth, leaf characteristics (number, length
and width) and yield components, with the aim of evaluating the effectiveness of different tillage method
and irrigation intervals practices in enhancing maize productivity. The experiment was conducted using a
factorial design to capture both the individual and interactive effects of tillage methods (i.e. deep tillage,
zero tillage and combined operations and disc ploughing and harrowing) and irrigation intervals (ranging
from 2 to 6 days). This design allowed for a systematic assessment of tillage method and irrigation interval
jointly influences maize growth. Statistical tools such as Analysis of Variance (ANOVA), descriptive
statistics and least squares linear regression were employed to analyze the data. The results are presented in
a structured manner: first examining the growth parameters across different treatments, then evaluating yield
and yield components and finally identifying the agronomic traits most strongly associated with yield
performance. The regression analysis provides further insights into the contribution of cob length, cob
diameter, cob weight, 1000-seed weight and seed weight per cob to overall yield, supported by model
diagnostics i.e. R2, ANOVA and Variance Inflation Factors (VIF).
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3.1 Influence of Tillage Methods on Growth Parameters of Maize under different irrigation
intervals

This section presents the effects of various tillage practices on the vegetative growth of maize across
different irrigation intervals. The analysis focuses on key growth parameters, including plant height, stem
girth, number of leaves per plant, leaf length and leaf width, which collectively determine the crop’s ability
to establish a vigorous canopy and support yield formation. Table2. Present the analysis of the mean
influence of tillage methods on growth parameters of maize for (2024) under 2days irrigation interval at 3
weeks after planting. Results revealed that, at three weeks after planting under a two-day irrigation interval,
the data show clear differences in maize growth depending on the tillage method applied. This is in line
with [28].

Table 2. Influence of Irrigation interval and Tillage Methods on mean Leaf Area of Maize

Treatments 2024 2025 Mean

DH 284.262 315.172 299.722
DDP 276.322% 313.182 289.252
DDH 266.312b¢ 295.27%® 278.352
DP 255.578b¢ 273.42° 274.92%
T 246.76b¢ 266.38° 253.98°
DH+DP 236.46° 262.18° 250.93°

Means followed by the same letter(s) in a column are not significantly different according to
Duncan’s Multiple Range Test (P>0.05). DDP = Double Disk Plough, DP = Disk Plough, DH + DP = Disk
Harrow + Disk Plough, DDH = Double Disk Harrow, DH = Disk Harrow, ZT = Zero Tillage, PH = Plant
Height, SG = Stem Girth, NLPP = Number of Leaves Per Plant, LL = Leaf Length, LW = Leaf Width *All
geometrical values are measured in centimeters (cm). In (Table 2. the lowest leaf areas were observed under
zero tillage and the combination of disc harrowing plus disc ploughing (DH+DP). ZT produced 246.76 cm?
in 2024 and 266.38 cm? in 2025, totaling 253.98 cm?, while DH+DP resulted in 236.46 cm? in 2024 and
262.18 cmz2 in 2025, with a pooled value of 250.93 cm2. These two treatments were statistically similar to
each other but significantly lower than the DH and DDP treatments. The findings demonstrate that
conventional tillage method, particularly disc harrowing and double disc ploughing, promoted significantly
larger leaf area compared to other tillage methods. This suggests that soil disturbance through these tillage
methods created more favorable conditions for leaf expansion and development, potentially through
improved soil physical properties or nutrient availability. This is in agreement with [82].

3.2 Influence of Irrigation Intervals and tillage methods on Leaf Area of Maize (at 3, 6, 9 and
12weeks after planting)

Based on the data presented in (Table 3), the 3-week irrigation interval produced the largest leaf
area in the both seasons, achieving 505.37 cm? in 2024 and 500.93 cm? in 2025, resulting in a pooled value
of 503.15 cm2. This treatment significantly outperformed all other irrigation methods. The 6-week interval
also demonstrated strong performance with 372.23 cm?2 in 2024 and 426.34 cm? in 2025, yielding a total of
399.29 cm?, though substantially lower than the 3-week treatment. The 9-week interval produced only
121.25 cm? in 2024 and 214.73 cm? in 2025, totaling 166.02 cm?2. The most extended irrigation schedule
(12-week interval) resulted in severely limited leaf development, with just 44.94 cm? in 2024 and a
remarkably low 8.39 cm? in 2025, producing a pooled value of only 26.67 cm2.

Table 3. Influence of Irrigation Intervals and tillage methods on Leaf Area of Maize (at 3, 6, 9 and
12weeks after planting)

Irrigation Interval 2024 2025 Mean
3Weeks After Planting 505.372 500.932 503.15?
6Weeks After Planting 372.23° 426.34° 399.29P
9Weeks After Planting 121.25¢ 214.73¢ 166.02¢
12Weeks After Planting 44.94¢ 8.39¢ 26.67¢

477



Nigerian Journal of Engineering Science and Technology Research, Vol. 11, No. 2, 2025(471-482)

Means followed by the same letter(s) in a column are not significantly different according to
Duncan’s Multiple Range Test (P>0.05). DDP = Double Disk Plough, DP = Disk Plough, DH + DP = Disk
Harrow + Disk Plough, DDH = Double Disk Harrow, DH = Disk Harrow, ZT = Zero Tillage, PH = Plant
Height, SG = Stem Girth, NLPP = Number of Leaves Per Plant, LL = Leaf Length, LW = Leaf Width *All
geometrical values are measured in centimeters (cm). In (Table 3) the results demonstrate a positive
relationship between shorter irrigation intervals and leaf area development. The 3-week interval promoted
optimal leaf expansion, likely due to consistent water availability and sustained root activity. The superior
performance under more frequent irrigation suggests that regular water supply better meets maize water
requirements in sandy loam soils. The extremely poor performance under the 12-week interval, particularly
in 2025, indicates that extended gaps between irrigation may lead to water stress conditions, possibly due
to insufficient soil moisture retention or restricted root function. These findings strongly support the use of
shorter irrigation intervals for maximizing leaf area development and potentially improving photosynthetic
capacity in maize under semi-arid conditions (Table 3).

3.3 Influence of Irrigation intervals and Tillage Methods on Yield and Yield parameters of Maize

This section examines the influence of different tillage methods on yield and yield-related
parameters of maize under varying irrigation intervals. The study evaluated six tillage treatments across the
2024 and 2025 growing seasons. Key yield parameters considered included days to 50% germination, days
to 50% tasseling, days to 50% silking and days to 90% maturity.

Table 4. Influence of Tillage Methods on Yield Parameters of Maize (2024)

Treatments  Days to 50% Days to 50% Days to 50%Silking Days to 90% Maturity
Germination Tasseling

T 6.3345? 52.4152 55.5202 73.9892

DP 5.8889% 51.5562 55.7782 75.8892
DDP 5.8889% 51.6672 53.000° 75.000?

DH 5.7188% 52.423¢2 55.3592 749772
DDH 5.44445 51.44438 55.3332 74.44438
DH+DP 5.2855° 52.588? 56.132° 75.230°

Means followed by the same letter(s) in a column are not significantly different according to
Duncan’s Multiple Range Test (P>0.05). DDP = Double Disk Plough, DP = Disk Plough, DH + DP = Disk
Harrow + Disk Plough, DDH = Double Disk Harrow, DH = Disk Harrow, ZT = Zero Tillage, PH = Plant
Height, SG = Stem Girth, NLPP = Number of Leaves Per Plant, LL = Leaf Length, LW = Leaf Width *All
geometrical values are measured in centimeters (cm). Based on the data presented in (Table 4), tillage
methods showed limited influence on most yield parameters during the 2024 growing season, with
significant effects observed only in days to 50% germination. For days to 50% germination, zero tillage
resulted in the longest germination period at 6.33 days, which was significantly longer than double disc
harrowing at 5.44 days and the combination of disc harrowing plus disc ploughing at 5.29 days. Disc
ploughing and double disc ploughing both showed intermediate values of 5.89 days, while disc harrowing
recorded 5.72 days. These results which are in agreement with [29] indicate that conventional tillage
methods generally promoted faster germination compared to zero tillage. In contrast, the reproductive and
maturity parameters showed no significant differences among tillage methods. Days to 50% tasseling ranged
narrowly from 51.44 days (DDH) to 52.59 days (DH+DP), with all treatments statistically similar. As the
irrigation interval increases, the water stress of maize also increases which brings about the increase in the
means number of days to 50% tasseling. This result is in the conformity with the findings of [30]. Who
reported that stem height, stem diameter, leaf area and days to complete flowering, decreased significantly
with increasing irrigation frequency. Similarly, days to 50% silking varied between 53.00 days (DDP) and
56.13 days (DH+DP), showing no significant differences. The time to 90% maturity also remained
consistent across treatments, ranging from 73.99 days (ZT) to 75.89 days (DP), with all values statistically
similar (Table 4).
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Table 5. Influence of Tillage Methods on Yield Parameters of Maize (2025)

Treatments Days to 50% Days to 50% Days to Days to 90%
Germination Tasseling 50%Silking Maturity

DDP 6.0000ab 53.778a 55.4443 77.778a

DP 6.0000ab 53.778a 58.778a 79.4443

DH+DP 5.7457ab 55.104a 58.225a 77.700a

DDH 5.4444b 54.000a 57.889% 77.44438

DH 5,47402ab 53.797a 57.785a 77.834a

T 6.4859% 55.474a 57.960a 76.937a

Means followed by the same letter(s) in a column are not significantly different according to
Duncan’s Multiple Range Test (P>0.05). DDP = Double Disk Plough, DP = Disk Plough, DH + DP = Disk
Harrow + Disk Plough, DDH = Double Disk Harrow, DH = Disk Harrow, ZT = Zero Tillage, PH = Plant
Height, SG = Stem Girth, NLPP = Number of Leaves Per Plant, LL = Leaf Length, LW = Leaf Width *All
geometrical values are measured in centimeters (cm). The results show that the number of days to 50%
germination among the tillage methods ranged from about 5.44 days (DDH) to 6.49 days (ZT). The shortest
germination time was observed in DDH (5.44 days), while ZT recorded the longest time (6.49 days). This
means that the zero-tillage method (ZT) delayed germination slightly compared to other treatments. [15]
reported that, Tillage methods had no significant effect on the germination count of the maize. This could
be as a result of planting the same variety of maize. This disagrees with the study of [26] who found
significant effect of tillage methods on the germination count of maize. The study showed significant effect
of the various tillage methods on the maize plant height. For days to 50% tasseling, the values were generally
similar across treatments, ranging between 53.78 and 55.47 days, with no significant differences among
them. This suggests that tillage methods had little effect on when the plants began tasseling.As the irrigation
interval increases, the water stress of maize also increases which brings about the increase in the means
number of days to 50% tasseling. This result is in the conformity with the findings of [30], who reported
that stem height, stem diameter, leaf area and days to complete flowering, decreased significantly with
increasing irrigation frequency. Similarly, days to 50% silking ranged from 55.44 days (DDP) to 58.78 days
(DP). Although DP had the highest value, the differences across treatments were not statistically significant,
indicating uniformity in flowering across treatments. For days to 90% maturity, the results showed a narrow
range of 76.94 days (ZT) to 79.44 days (DP). Again, these differences were not significant, meaning all
tillage methods allowed maize to reach maturity at nearly the same time.

Table 6. Influence of Tillage Methods on Yield Parameters of Maize (2024 and 2025)

Treatments Days to 50%Days to 50% Days to 50%Silking Days to 90% Maturity
Germination  Tasseling

DDP 5.9444° 53.9442 54.222° 76.389%
DP 5.9444° 53.8462 57.2782 77.6672
DH+DP 5.5128°¢ 53.1102 57.1782 76.465%
DDH 5.4444¢ 52.7228 56.6112 75.9442
DH 5.7322b¢ 52.7228 56.688? 76.4052%
T 6.41022 52.6672 56.7402 75.463°

Means followed by the same letter(s) in a column are not significantly different according to
Duncan’s Multiple Range Test (P>0.05). DDP = Double Disk Plough, DP = Disk Plough, DH + DP = Disk
Harrow + Disk Plough, DDH = Double Disk Harrow, DH = Disk Harrow, ZT = Zero Tillage, PH = Plant
Height, SG = Stem Girth, NLPP = Number of Leaves Per Plant, LL = Leaf Length, LW = Leaf Width *All
geometrical values are measured in centimeters (cm). The pooled results of 2024 and 2025 presented in
Table 4.30 show that tillage methods had influence on the yield parameters of maize. With respect to days
to 50% germination, the fastest germination was recorded under DDH (5.44 days) and DH+DP (5.51 days),
followed by DH (5.73 days), DDP (5.94 days), and DP (5.94 days). The slowest germination was observed
in zero tillage (ZT) with 6.41 days, indicating that conservation tillage delayed emergence when compared
with conventional tillage systems. This suggests that loosening of the soil under DDH and DH+DP may
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have enhanced quicker seedling establishment, whereas restricted soil conditions under ZT may have slowed
down germination. For days to 50% tasseling, the results revealed no significant differences among the
tillage methods. Tasseling occurred within a range of 52.67 days (ZT) to 53.94 days (DDP), suggesting that
the choice of tillage practice did not influence the commencement of tassel initiation in maize. In terms of
days to 50% silking, significant variation was observed. The earliest silking was recorded under DDP (54.22
days), while DP (57.28 days) and DH+DP (57.18 days) were the latest. This implies that DDP facilitated
quicker reproductive development, whereas DP and DH+DP slightly prolonged the silking stage. For days
to 90% maturity, the results showed that ZT matured earlier at 75.46 days, while DP recorded the longest
maturity period at 77.67 days. The other tillage methods (DDP, DH+DP, DDH, and DH) had intermediate
values, all statistically similar. This indicates that while ZT shortened the maturity period, DP delayed it,
thereby prolonging the crop cycle.

4 CONCLUSIONS

This study evaluated the influence of irrigation intervals and tillage methods on soil moisture
distribution, growth, and yield of maize (Zea mays L.) under the semi-arid conditions of Borno State,
Nigeria. The findings clearly demonstrate that both irrigation scheduling and tillage practices play critical
and interrelated roles in determining soil moisture dynamics, crop growth, and overall productivity. The
assessment of soil moisture status revealed that irrigation interval significantly influenced the availability
and distribution of moisture within the soil profile. Shorter irrigation intervals, particularly the two-day
schedule, ensured more consistent soil moisture levels, thereby improving water availability to the crop.
Tillage methods also affected soil physical properties, with intensive tillage systems enhancing soil
structure, porosity, and moisture retention compared to less intensive or zero tillage practices. In terms of
growth parameters, maize plants subjected to more frequent irrigation and intensive tillage exhibited
superior vegetative performance, including increased plant height, stem girth, and number of leaves. These
improvements can be attributed to better soil moisture conditions and enhanced root development, which
facilitated efficient nutrient and water uptake. Similarly, yield and yield components were significantly
influenced by the interaction of irrigation intervals and tillage methods. The two-day irrigation interval
consistently produced the highest yield outcomes, while intensive tillage practicesparticularly double disc
ploughing (DDP), double disc harrowing (DDH), and the combined disc harrow plus disc plough (DH +
DP) resulted in improved yield parameters such as cob length, cob weight, and 1000-seed weight. In
contrast, zero tillage recorded the lowest yield performance, indicating its limited suitability under the
prevailing semi-arid conditions.
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