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This study presents the determination of evapotranspiration and crop coefficient for maize using a locally made
drainage lysimeter in the dry season period in Agbani, Enugu State, Nigeria. Maize was planted in the lysimeter,
three seeds per stand, the planted seedlings were thinned to one seedling per stand, leaving only the most
viable seedling to grow till maturity. ETc was determined from the lysimeter experiment using the water
balance equation. Similarly, Kc was determined with an equation that expresses the relationship between Kc,
ETc, and reference evapotranspiration. Moisture content (MC) was determined by the gravimetric method,
effective rainfall, bulk density of the soil was also determined. ETo obtained for Enugu using 30 years of annual
data was adopted. The result of the study gave ETc of 1.11 mm and 12.03 mm for the lowest and highest ETc
respectively. On the other hand, Kc values obtained were 0.79, 0.96, and 0.91 for the months of January,
February, and March respectively. The highest moisture obtained was 26.20 mm while the lowest was 3.21
mm. Soil bulk density was determined to be 1.43 g/cm3. More so, the highest and lowest effective rainfalls
during the study period were 9.10 mm and 2.00 mm respectively. Irrigation water supplied during the period
of study was within the range of 12.46 mm and 24.92 mm and lastly, the study revealed that the highest water
need was during tasseling, cob setting, and filling because ETc obtained was highest at that point.
Keywords: Evapotranspiration, Lysimeter, Bulk Density, Moisture content
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Introduction

Maize is an important staple food in Africa, and in Nigeria, aside from being consumed locally in roasted or boiled
form; it is also consumed in other processed forms such as cornflakes, custard, pap (akamu in the Igbo Language),
golden morn, and more. IITA (2003) reported that maize is the most consumed staple food in households at about
20%, followed by cassava - 16.5%, Rice - 11.9%, and cowpea — 11.8%. Maize is known to contain phytochemicals
such as carotenoids, phenolic compounds, and phytosterols, which play important roles in disease prevention,
including Galanthus Nivalis Agglutinin (GNA) which is believed to have potential anti-HIV activity (Shah et al., 2016).
Similarly, Olaniyi and Adewale (2012) say maize “is an important source of carbohydrate and if eaten in the immature
state, provides useful quantities of Vitamin A and C”. Therefore, good knowledge of evapotranspiration rate and
crop coefficient of the crop is essential for year-round cultivation of maize in the study area.

Evapotranspiration (ETc) is one of the major factors that control the irrigation water requirements of crops.
Quantification of ETc for a type of crop in any region and season is necessary for the proper design of irrigation
systems, crop water balance studies, and seasonal irrigation water management. These factors play important roles
in the effective management of irrigation water and the quantification of available water resources for future crop
production, (Sharma and Irmak, 2012b; Djaman et al., 2018). Evapotranspiration is an important component of the
irrigation system and irrigation is extremely important in the production of food, other agricultural products,
ornamentals, and turf. Modern irrigation is a sophisticated operation, involving the monitoring and manipulation of
numerous factors impacting crop production (Dean et al., 2021). However, properly designed and managed, modern
irrigation methods can increase crop yields while avoiding waste, reducing drainage, and promoting the integration
of irrigation with essential concurrent crop management operations. Effective management of an irrigation system
requires the understanding and use of the basic concepts of soil water. Without an adequate understanding of these
concepts, the irrigator will not know how much water to apply or when to irrigate.

Rawat et al. (2017) compared ETc from lysimetric studies and a surface balance algorithm (SEBAL) and the results
were significantly correlated. Bayisa, et al. (2021) studied maize yield and water use efficiency under different
irrigation levels and furrow irrigation methods in semiarid, tropical regions. Their study aimed to access the
combined effects of different deficit irrigation levels and furrow irrigation methods on maize yield and water use
efficiency and identify the optimal irrigation management practices that maximize the water use efficiency under
climatic conditions of Melkassa and similar environments. The study involved three furrow irrigation methods
(conventional, fixed, and alternate furrow irrigation) and three irrigation application levels (100% ETc, 75% ETc, and
50% ETc). The result of their study showed that the greatest yield was obtained under conventional furrow irrigation
supplied with 100% ETc of water. Water use efficiency under the same treatment was lesser and shows no significant
difference with fixed furrow irrigation and 50% ETc application. The greatest water use efficiency of maize was
obtained from alternate furrow irrigation under 75% ETc application and showed no significant difference with 100%
ETc application. Again, Xu et al. (2019) noted that the development of efficient irrigation plans as well as technologies
was very important to ensure maize production in the agricultural region of Northeast China.

In our local environment, the cultivation of crops is usually skewed towards the rainfall season because of the two
major distinct seasons. This automatically affects the rate of production of several food crops produced in the locality
as meaningful production of food can only be achieved during the rainy season period of the year alone (Chiwetalu
et al., 2017). The practice in the study area is such that crop production stops at the end of the rainy season but the
harvesting of some crops continues into the dry season. Again, year-round crop production is rarely practiced along
the river banks due to the dry season and little or no information on irrigation and crop water requirements. So far,
no study has been carried out in the study area to determine Maize ETc and Kc. Thus, the objective of the study is to
determine ETc and Kc for maize using a drainage lysimeter during the dry season period of the year. Reliable
information on the water need of the studied crop and irrigation management practices will help develop new
strategies for dry-season maize production, thereby ensuring maize availability and as well food security in the
locality and nation at large.
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The Study Area

The study was carried out in the Faculty of Agriculture practicing farm, Enugu State University of Science and
Technology (ESUT), Agbani is in Nkanu West L.G.A. of Enugu State, Nigeria. ESUT is situated in Agbani, the
headquarters of Nkanu West L.G.A. of Enugu State. ESUT lies approximately between latitude 6° 51’ 24” N and
longitude 7° 23’ 45” E. The annual rainfall in the area is between 1500 mm to 2000 mm, the mean monthly rainfall
is about 140 mm (NIMET, 2015), the surface pressure is about 985.5hpa the relative humidity ranges between 40%
and 89%. The temperature ranges from 26. 6°C to 32°C and the mean annual temperature is 27°C, (NIMET, 2015)
though, in recent years, the temperature ranges, especially in the dry season period (November to March), approach
40°C. Agbani like the rest of other places in Enugu State has the tropical savanna type of climate, according to
Koppen's (1987) climate classification. The two air masses that influence the climate of the area are the warm
tropical maritime air mass which originates from the South Atlantic Ocean and the dry dusty tropical continental air
masses associated with the dry rainy season experienced in the area. Agbani has some of the few characteristics of
the rainforest zone, but due to human activities in the area, the natural rainforest has been destroyed (Okwu-
Delunzu, 2018). The land area of Nkanu West L. G. A. is about 225 km? and population of about 146,695 (Census,
2006). In the north, Nkanu-West is bounded by Udi L. G. A. and bounded by Enugu South L. G. A. in the east, and
west, it is bounded by Agwu L. G. A. It is equally bounded by Nkanu-East L. G. A. in the south. The people are
predominantly farmers (Adekola and Nwoye 2016). Figure 1 is a map of Enugu State indicating the study location.

Figure 1: Map of Enugu Showing the 17 Local Government Areas in the State; The Local Government Area Where
the Study was Carried out is Marked with Red
Source: nigerianinfopedia.com.ng
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Materials and Equipment used for the Study

The crop used for the study was maize (Zea Mays) Oba super 11. This was obtained from Enugu State Agricultural
Development Programme, Enugu (ENADEP). This variety is Striga and drought tolerance with high yielding capability.
The cropping period is about 80 - 90 days, however, can mature earlier than the stated crop period based on the soil
condition, nutrient availability, and others. The stages of growth are always based on the phonological development
of crops, and the Kc curve is usually divided into four stages: initial, crop development, midseason, and late-season
(Doorenbos and Pruitt, 1977).

Lysimeter

Lysimeters are foremost devices, typically tanks or containers that define a specific boundary to contain soil-water
and allow measurement of either the soil-water balance or the volume of water percolating vertically and its quality.
Lysimeter can be a percolating lysimeter (drainage lysimeter) or weighing lysimeter. Drainage or percolating
lysimeter is used in conjunction with a soil water profile measurement method to estimate indirectly the water use
in evaporative processes. A drainage lysimeter was used for this study because the accuracy of the evaporative water
balance is directly related to the precision of the soil-water measurement and its integration through the vegetation
root zone (Howell, 2005). Since lysimeter study can be used to determine the quantity of water used by a crop from
planting to maturity or a particular growth stage. A lysimeter with both width and length of 90 cm and a depth of 60
cm was constructed and installed above the ground level. The lysimeter was planted with the maize in three rows
and three columns. Each stand was sown with about three seeds of maize which were later weaned to one. The
weaning act was done in such a way that the most viable seedling was left in each stand to grow for the study
purpose. The study was carried out during the dry season period when there was little water input by rainfall. A
measured quantity of water was applied to the system on daily basis using calibrated plastic buckets. Similarly, daily
drainage discharges were as well collected and measured. Figures 2, 3, and 4 are a picture of the locally made
drainage lysimeter, Lysimeter containing experimental crops, and soil sample collected for moisture analysis
respectively.

-Figure 2: Drainage Lysimeter
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Figure 3: Experimental Crops

Figure 4: Soil sample for Mc test
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Planting, Weeding, and Other Agricultural Practices

After setting up the experiment, maize seeds, three seeds per stand were sown in the lysimeter in 3 columns and 3
rows. These seeds or rather seedlings after germination and establishment were thinned to one seedling, leaving
the healthiest seedling in each stand. That is a total of nine maize crops were monitored till the crop period was
attained. Weeding was carried out in the set lysimeter experiment daily to make sure that the planted crops are not
competing for the supplied water with weeds. In the same vein, the crops were closing monitored to ensure that
they are not affected by pests and diseases.

Theory

The theory for the study is based on the water balance equation. The concept of the water balance equation is based
on the conservation of mass, balancing inputs and outputs from a soil profile. Inputs in the water balance equation
are taken to be positive signs (+) while outputs are taken as negative signs (-). Soil water storage, Ws is known to be
the equivalent depth of water stored in a certain soil depth while changes in storage are determined for a given time
interval depending on the researcher's intent. Equation 1 is the water balance equation.

P+1=ET+ DR+ RO — AWS Equation 1

Where:

P = Precipitation

| = Irrigation

ET = Evapotranspiration

DR = Drainage

RO = Surface runoff

AWS = Change in soil water storage within the soil profile (lysimeter)

However, the water balance equation given in equation 1 cannot be adopted for the study because the study was
carried out during the dry season period and there was little input from rain, and the crops’ water requirement was
met mainly by irrigation, the effective part of the rain was determined. Surface runoff (RO) was eliminated from
equation 1 to yield equation 2 because there was no runoff because of the amount of rain received and freeboard
added to the lysimeter.

I =ET + Pe+ DR — AWS Equation 2
Where;
P. = Effective precipitation

Nonetheless, equation two can be used to determine the evapotranspiration rate of the understudied crop by
making ET (evapotranspiration) the subject of the formula in equation 2. Thus, ET can be estimated using equation
3.

ET =14+ Pe— DR — AWS Equation 3

Data Collection Method

The study adopted secondary and primary data for the study. The primary data include physical observations and
direct measurements (drainage water and moisture content measurement etc.). Similarly, secondary information
and data used for the study were obtained from published materials and the internet on related topics. Thus,
reference evapotranspiration (Eto), climatic data e.t.c. was also obtained as secondary data.

Soil Classification

Soil samples were collected randomly at the site and taken to the Agricultural and Bio-resources Engineering
Department and analyzed for soil class and bulk density. Particle size analysis of the soil was carried out using
different types of sieves to obtain the class of the soil. The soil sample was air-dried, pulverized, and sieved using a
set of sieves ranging from 9.5mm to 75um in size. The physical property of the soil was determined and the soil was
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classified using AASHTO M 145. Figs. 5, 6, and 7 show a picture of the lysimeter where drainage water was collected,
moisture measurement using a moisture meter, and growing maize crop at its vegetative stage respectively.

= a o 4 i... _..'lI. 'r'.'-ta“.‘:-._l: - i
Figure 5: Collection of Drainage Water from the Lysimeter

Figure 6: Soil moisture Measurement
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Figure 7:

Healh;/_Growing Maize

Determination of Actual Evapotranspiration (ETO) and Crop Coefficient (KC)

Okechukwu and Mbajiorgu (2020) determined daily actual evapotranspiration for three different crops (Spinach,
Maize, and Yellow Pepper) in Enugu, South-East Nigeria. The crop’s ET, was obtained using the Penman-Monteith
model and thirty years climate parameters for South-Eastern States of Nigeria of which Enugu state is inclusive were
adopted for this study. Crop coefficient which is the ratio of evapotranspiration of a crop type and the reference
evapotranspiration (Doorenbos and Pruitt, 1977; Sharma and Irmak, 2012b) was determined using an equation that
expresses the relationship between Kc, ETo, and ETc as given in equation 4.

.= Z;g Equation 4

Where:
Kc= Crop coefficient
ETo = Actual evapotranspiration

Soil Moisture Determination

Knowledge of the moisture content of the soil is essential in irrigation scheduling. The moisture content of the soil
was determined using a moisture meter and gravimetric method of moisture determination. An in situ moisture
meter that measures soil moisture and pH was used the determination of the soil moisture content and pH. On the
other hand, soil samples were collected randomly from the lysimeter experimental pot within the root zone of the
planted crops and put in an air-tight container to avoid moisture loss from the collected samples. Thereafter, the
samples were taken to the Soil and Water Resources Engineering Laboratory in the Agricultural and Bio-Resource
Engineering Department, Enugu State University of Science and Technology for soil moisture determination
following the gravimetric approach of moisture determination. The soil moisture content which was determined in
percentage by weight was converted to volume basis using equation 5.

Mc (% by vol.) = Mc (% by wt) X Bulk density Equation 5
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Bulk Density

Bulk density of the soil reflects the mass or weight of a certain volume of soil. Soil bulk density is an indicator of soil
compaction. It is calculated as the dry weight of soil divided by its volume. This volume includes the volume of soil
particles and the volume of pores among soil particles. It determines the infiltration, available water capacity, soil
porosity, rooting depth/restrictions, soil microorganism activity, root proliferation, and nutrient availability. Bulk
density affects the pore diameter and its distribution and resultantly affects the soil hydraulic properties (Dec et al.,
2008; Fuentes et al., 2004; Buczko et al., 2006). Bulk density is expressed in g/cm3. The bulk density of the soil sample
used was determined following the Core Cylindrical Method described in the Soil Quality Test Kit Guide by (Arshad
et al., 1996).

Irrigation Water

The water needs of the planted crops were supplied mainly by irrigation. A known quantity of water was applied to
the planted crops daily till the crop attained maturity. This is because the experiment was carried out during the dry
season period of the year (January to March). This period is known to be the dry season as the study area has two
major distinct seasons, the Rainy season (April - November) and the dry season (November - March). However, there
was little rainfall in the study area during the period of this study that slightly contributed to the water need of the
under-studied crop. These rainfalls that contributed to the water need of the planted crop were accounted for by
determining the effective part of the rain.

Effective Rainfall (Erf) or Effective Precipitation (Pe)

This is known to be that portion of rain that contributes to the water need or requirement of any growing crop under
field conditions experiment. Thus, Dastane (1978) defined it to be the utilizable rainfall knowing very well that rainfall
is not useful at all times, as some may be lost and some part of the rain be used by the crops. Nonetheless, the
determination of the effective rainfall was successfully done with the aid of the formula proposed by The Food and
Agricultural Organization (FAO, 1986; Chiwetalu et al., 2017; Ali and Mubarak, 2017). The formula proposed by FAO
given in equation 6 was used for the calculation of effective rainfall.

P, = 0.6P — 10 (if P < 75 mm per month) 6
Where;

Peis the effective precipitation
P is precipitation received within the experimental period

Results and Discussion

The physical observations conducted on the soil before adding organic manure (chicken droppings) indicated that
the soil is a lateritic soil, reddish with fine texture at feel and non-plastic when wet. However, after the addition of
organic manure and the soil well wetted allowed to stay for about two weeks, the color changed (darkened). This is
can be attributed to the presence of a large quantity of organic matter in the soil. The potential hydrogen test carried
out showed that the pH range of the soil was within 7.0 — 7.85 for the entire duration of the experiment and soil
bulk density was 1.43 g/cm?3. Table 1, is the result of the sieve analysis carried out on the sample.

Table 1: Result of Particle Size Analysis of the Soil Sample

Sieve sizes Weight Retained % Wt Retained % Passing
9.5 mm Nil Nil 100.00
4.75 mm 0.4 0.2 99.8

2.36 mm 1.2 0.6 99.2

1.18 mm 14 0.7 98.5
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The percentage of a soil sample that passed through the 75um sieve was less than 35% while 100% of the sample
passed through the 9.5 mm sieve size. More so, 86.9% of the soil sample passed sieve size 425 um and a good
percentage of the soil sample also passed sieve sizes 300 um and 150 um, and about 14% of the soil sample was
retained in sieve size 75 um. AASHTO M-145-91 (2003) classified soil samples passing through a 425 um sieve and
retained in a 75 um sieve to be fine sand. Table 2, gives the observed drainage water from the lysimeter experiment,
quantity of irrigation water supplied, effective rainfall, and moisture content reading.

Table 2: Irrigation Water Used, Drainage Water Collected, Effective Rainfall, Moisture Content, and Lysimeter
Evapotranspiration

Days lw (mm) Drw (mm) Pe(mm) MC (mm) ETc(mm)
1. 12.46 4.16 6.88 1.42
2. 12.46 4.26 6.01 2.19
3. 12.46 4.03 5.23 3.20
4, 12.46 3.68 3.87 4.91
5. 12.46 3.56 3.21 5.69
6. 12.46 2.95 3.53 5.98
7. 12.46 2.15 3.50 6.81
8. 12.46 3.39 4.21 4.86
9. 24.92 5.93 13.72 5.27
10. 24.92 5.80 13.22 5.9
11. 24.92 4.07 12.36 8.49
12, 24.92 3.46 12.02 9.44
13. 24.92 2.72 11.87 10.33
14, 24.92 2.96 9.10 24.31 6.75
15. 24.92 4.98 5.00 19.82 5.12
16. 24.92 0.62 19.23 5.07
17. 24.92 0.25 17.92 6.75
18. 24.92 0.12 16.46 8.34
19. 24.92 0.00 15.46 9.46
20. 24.92 0.00 15.03 9.89
21, 24.92 0.00 7.0 26.20 5.72
22, 24.92 0.00 22.15 2.77
23. 24.92 0.00 21.11 3.81
24, 24.92 0.00 20.61 4.31
25. 24.92 0.00 19.37 5.55
26. 24.92 0.00 18.88 6.04
27. 24.92 0.00 4.0 20.06 8.86
28. 24.92 0.00 21.61 3.31

ACADEMIC INK REVIEW | CHIWETALU, EGWUAGU, OKECHUKWU & NEBECHUKWU, 2022




American Journal of Applied Sciences and Engineering | AJASE
Vol. 3, No. 3 | March, 2022 | pp. 12-27

29. 24.92 0.00 20.14 4.78
30. 24.92 0.00 18.73 6.19
31. 18.52 0.00 17.41 1.11
32. 18.52 0.00 16.39 2.13
33. 18.52 0.00 15.18 3.34
34. 18.52 0.00 14.39 4.13
35. 18.52 0.00 13.16 5.36
36. 18.52 0.00 12.36 6.16
37. 18.52 0.00 11.17 7.35
38. 18.52 0.00 10.21 8.31
39. 18.52 0.00 9.72 8.80
40. 18.52 0.00 9.06 9.46
41. 18.52 0.00 8.91 9.61
42. 18.52 0.00 5.0 15.93 7.59
43, 18.52 0.00 13.75 4.77
44, 18.52 0.00 12.66 5.86
45. 18.52 0.00 12.00 6.52
46. 18.52 0.00 11.47 7.05
47. 18.52 0.00 10.72 7.80
48. 18.52 0.00 9.58 8.94
49. 18.52 0.00 2.0 13.96 6.56
50. 18.52 0.00 12.85 5.67
51. 18.52 0.00 11.56 6.96
52. 18.52 0.00 10.44 8.08
53. 18.52 0.00 9.39 9.13
54. 18.52 0.00 8.37 10.15
55. 18.52 0.00 7.29 11.23
56. 18.52 0.00 7.00 11.52
57. 18.52 0.00 6.49 12.03
58. 12.46 0.00 5.66 6.80
59. 12.46 0.00 5.22 7.24
60. 12.46 0.00 5.01 7.45
61. 12.46 0.00 4.72 7.74
62. 12.46 0.00 4.28 8.18
63. 12.46 0.00 6.17 6.29
64. 12.46 0.00 6.68 5.7
65. 12.46 0.00 6.81 5.65
66. 12.46 0.00 7.23 5.23
67. 12.46 0.00 6.39 6.07
68. 12.46 0.00 6.44 6.02
69. 12.46 0.00 6.37 6.09
70. 12.46 0.00 2.0 10.05 4.41
71. 12.46 0.00 9.27 3.19

Note: Day 1 from Table 2 is Seven Days after Planting i.e., Day Eight of the Crop Period

lw = irrigation water applied, Drw - drainage water collected, Pe = effective precipitation, Mc = moisture content of
the soil, and ETc = lysimeter evapotranspiration readings.

Irrigation started seven days after planting as the soil was wetted to saturation and allowed for free drainage to

commence before planting maize seeds. The initial time of irrigation was because corn uses very little water
during the emergence and establishment stage and it is in line with the study conducted by (Udom and
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Kamalu, 2019). The initial moisture content of the soil at the start of irrigation in the lysimeter experimental setup
was 6.88 mm, drainage water collected was 4.16 mm and the calculated ETc from the experimental setup was 1.42
mm and irrigation water supplied was 12.46 mm. This is because the first irrigation took place seven days after the
emergence of maize seeds and the seedlings were still very young with about 5 leaves per maize seedling, the leaf
number also has a great effect on the rate at which evapotranspiration occurs.

Again, the number of leaves developed and the extent of leave development will influence the rate of transpiration
occurring in the plant system. However, the result obtained is consistent with the study conducted by Broner
and Schneekloth (2003) and Bob (2015) that related the development stages of crops and associated
canopy density to crop water requirement and irrigation scheduling. The roots of the crops were also few and
shallow at that stage which also influenced the water absorption capacity of the plant resulting in high moisture
content of the soil. More so, on the 18" day of the crop period, drainage water collected from the lysimeter was
4.07 mm as against 5.81 mm of water on the previous day, this showed that the maize seedlings were requiring
more water for their growth and development.

On the 18t day, the seedlings were two seedlings per stand and were later thinning to one seedling per stand three
days later. The number of seedlings also affected the evapotranspiration rate in the system as seen in Table 2
because planting density is a major factor influencing water use in the soil. Thinning was done to allow the most
viable seedling to grow, develop, and be used for the study. The contribution made by rainfall is reflected in the
moisture status of the soil and lowering the evapotranspiration with exception of day 27t from the start of irrigation,
this is also seen in Table 2. From Table 2, it was observed that drainage water dropped to zero from day 19th till the
last day of the crop period, this can be attributed to a high increase in the demand for water by the growing crops.
Similarly, the quantity of irrigation water supplied, the high temperature received and stored by the material used
for the construction of the lysimeter (metal), and other climatic factors like wind speed and velocity resulted in high
moisture loss and zero drainage.

On day 31% from the start of irrigation evapotranspiration was lowest in response to the quantity of irrigation water
applied (reduced irrigation). Again, evapotranspiration was highest during the tasseling, silking, and cob(s)
development. It is because crop water requirement tends to increase at the stage of maximum vegetative growth
and yield formation, which is consistent with the reports of Allen et al. (1998) and Barhom (2012). Table 3 is
computed total lysimeter ETc at the different growth stages of maize and total moisture at different stages of maize
growth.

Table 3: Computed Total Lysimeter ETc at Different Growth Stages and Total Available Moisture at the different
Growth Stages

Growth stages in Days ETc (mm) Mc (mm)
0 - 21 (Establishment) 81.24 123.94
21 - 37 (Vegetative) 88.44 276.61
37 — 70 (Tasseling,Cob setting and filling) 239.13 392.51
77 and above (Maturity/harvest) 56.83 69.69

The result of table 3 shows that evapotranspiration is less at the early stage of plant growth and that the total water
content of the soil during the early stage was also the lowest. This is because less water was used for irrigating the
crops at the early stage of growth, as the crop requires little quantity of water during the establishment stage. More
so, the crops received no irrigation water from emergence time to about seven days. This as well influenced the soil
moisture content at that stage. On the other hand, the high value of ETc obtained during tasseling, cob setting and
filling was a result of the stage of growth. More water is required during the developmental stage for metabolic
activities. Moisture content obtained is also highest at that stage, indicating that the availability of soil moisture
influences the rate of evapotranspiration. Fig. 4 is a plot of lysimeter ETc obtained during the different growth stages
and analyzed soil moisture during the growth stages of the experimental crops.
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Figure 8: A Plot of the Etc and the Mc Obtained During the Different Growth Stages

Kc, PH For the Study Area

The observed pH during the entire study period was within the range of 7.0 - 7.8. The initial pH of the soil was 7.8,
which is slightly above the neutral point. But days after planting, the pH of the soil started reducing which can be
attributed to the organic manure that was used in the cultivation of the crop (Chiwetalu et al., 2021). Similarly, Kc
obtained for the study was 0.79, 0.96, and 0.91 for the months of January, February, and March respectively with
an average Kc of 0.89. This result is in line with the study conducted by Okechukwu and Mbajiorgu (2020) who
obtained the average Kc for maize in Nsukka, Nsukka L. G. A., Enugu State, Nigeria to be 0.82. The little disparities in
the result may be in the soil type, variety of maize, and other properties.

Conclusion

It can be concluded that the amount of irrigation water supplied influenced the availability of moisture since most
of the water needed for the crops was actualized through irrigation. However, there was little input by rainfall which
also raised the moisture content of the soil at all the times rainfall was received. The average crop coefficient
obtained for the study was 0.89 which is consistent with results found in other literature. The study revealed also
that the highest water need was during tasseling, cob setting, and filling. The infiltration rate of the soil is moderately
high with moderate to low water retention capacity good for maize production (Jeans, 2003). From Table 2, drainage
water was recorded as zero from the 19% day till the last day of irrigation. This can be attributed to many factors;
high demand for the water needs of the crops, soil properties, climatic effects, and even the material used for the
construction of the lysimeter. Metal has the ability to conduct high heat as such can influence the available moisture
in the system. Nonetheless, it is recommended that the lysimeter should be lined with a material that has less heat
conduction properties to avert water loss through heat conduction by a lysimeter made of metals and other good
conductors of heat.

ACADEMIC INK REVIEW | CHIWETALU, EGWUAGU, OKECHUKWU & NEBECHUKWU, 2022




American Journal of Applied Sciences and Engineering | AJASE
Vol. 3, No. 3 | March, 2022 | pp. 12-27

Reference

AASHTO M-145-91 (2003). Classification of Soil and Soil Aggregate Mixtures for High way Construction Purposes.
Technical Training and Certification.

Adekola, G. and Nwoye C. E. (2016). Traditions and Customs in Community Development: The Case of Nkanu-West
and Nkanu-East Local Government Areas of Enugu State, Nigeria. Journal of Education and Practice, 7(18).
ISSN 2222-1735.

Ali M, Mubarak S. (2017). Effective Rainfall Calculation Methods for Field Crops: An Overview, Analysis, and New
Formulation. Asian Research Journal of Agriculture 7: 1-12. https://doi.org/10.9734/ARJA/2017/36812.

Allen, R. G., Pereira, L. S., Raes, D. and Smith, M. (1998). Crop Evapotranspiration: Guidelines for Computing Crop
Water Requirements. FAO Irrigation and Drainage Paper No. 56, FAO, Rome.

Arshad MA, Lowery B, and Grossman B. (1996). Physical Tests for Monitoring Soil Quality. In: Doran, J. W., and Jones,
A. J., Eds., Methods for assessing soil quality, Soil Science Society of America Special Publication 49, SSSA,
Madison, WI. p 123 - 142.

Barhom, T. I. H. (2012). Studies on water requirements for some crops under different cropping systems. M.Sc.
Thesis, Faculty of Agriculture, Cairo University.

Bayisa, G. D., Hordofa, T., Tezera, K., Tesfaye, A., Ashame, G., and Wondimu, T. (2021). Maize Yield and Water Use
Efficiency Under Different Irrigation Levels and Furrow Irrigation Methods in Semiarid, Tropical Region. Air,
Soil and Water Research, 14, 11786221211058177.

Bob, S. B. (2015). Irrigation scheduling and evapotranspiration. Santa Clara Valley Water District, Water Use
Efficiency Unit, San Jose, CA 95128

Broner, I. and Schneekloth, J. (2003). Seasonal water needs and opportunities for limited irrigation for Colorado
Crops. Newsletter of the Extension Irrigation Services, Department of Civil Engineering, Colorado State
University, No: 4, 718.

Buczko, U., Bens, 0., & Hiittl, R. F. (2006). Tillage effects on hydraulic properties and macroporosity in silty and sandy
soils. Soil Science Society of America Journal, 70(6): 1998-2007.

Census (2006). Official Population Record of Nigeria 2006.National Population and Census Commission.

Chiwetalu, U. J. Ayotamuno M. J. and Obio, E. A. (2017). A mathematical model for scheduling irrigation for swamp
rice in Port Harcourt L.G.A., Nigeria. Global Journal of Engineering Research, 15: 27-34. https://dx.doi.org/
10.4314/gjer. v15i1.4

Chiwetalu U. J., Ogbuagu N. J. and Okechuwu M. E. (2021). Soil Alkalinity Control Using Three Different Bio-Materials
(Wastes) for Soil Sustainability and Productivity. FUDMA Journal of Science, 5(2): 247 — 254. ISSN online:
2616 - 1370

Dastane, N. G. (1978). Irrigation and drainage paper. Rome, Italy: FAO of UN.

DeanE. E., Derrel L. M., Derek M. H., and Glenn J. Hoffman (2021). Irrigation Systems Management. American Society
of Agricultural and Biological Engineers (ASABE). DOI: 10.13031/ISM.2021. International Standard Book
Number (ISBN) 978-1-940956-42-8. ASABE Publication 801M02210A.

Dec, D., Dorner, J., Becker-Fazekas, O., & Horn, R. (2008). Effect of bulk density on hydraulic properties of
homogenized and structured soils. RC Suelo Nutr. Veg, 8(1): 1-13.

ACADEMIC INK REVIEW | CHIWETALU, EGWUAGU, OKECHUKWU & NEBECHUKWU, 2022 E—I—




American Journal of Applied Sciences and Engineering | AJASE
Vol. 3, No. 3 | March, 2022 | pp. 12-27

Djaman K, O'Neill M, Owen C. K, Smeal D, Koudahe K, West M, Allen S, Lombard K, Irmak S. (2018). Crop
evapotranspiration, irrigation water requirement, and water productivity of maize from meteorological
data under semiarid climate. Water, 10(9): 1-17. https://doi.org/10.3390/w10040405.

Doorenbos J, Pruitt WO. (1977). Crop water requirements. Irrigation and Drainage Paper 24. FAO. Rome, Italy.
FAO (1986). Yield response to water. Paper No. 33. Rome.

Fuentes, J. P., Flury, M., & Bezdicek, D. F. (2004). Hydraulic properties in a silt loam soil under the natural prairie,
conventional till, and no-till. Soil Science Society of America Journal, 68(5), 1679-1688.

Howell, T. A. (2005). Encyclopedia of Soils in the Environment

IITA (2001). International Institute of Tropical Agriculture Annual Report on Maize. |ITA Publication

IITA (2003). Nigeria Food Consumption and Nutrition Survey.

Jean Du Plessis, (2003). Maize Production: Agriculture Republic of South Africa. Printed and Published by the
Department of Agriculture and obtainable from Resource Centre Directorate Agricultural Information
Services Private Bag X144, Pretoria, 0001 South Africa

Koppen W. P. (1987). Regional Climatic Pattern in Ojo 0. (1977) (Ed) Climate of West Africa. Henin Publishers. Ibadan.
pp: 131

Nigerian Meteorological Agency (NIMET). (2015). Seasonal Rainfall Prediction March 2015. 38-42

Okechukwu, M. E., & Mbajiorgu, C. C. (2020). Determination of crop coefficients and spatial distribution of
evapotranspiration and net irrigation requirement for three commonly cultivated crops in South-East
Nigeria. Irrigation and Drainage, 69(4): 743-755.

Okwu-Delunzu V. U. (2018). Effect of Some Weather Elements on Malaria Prevalence in Agbani, Enugu State, Nigeria.
Journal of Experimental Research, 6(3).

Olaniyi, O. A. and Adewale J. G. (2012). Information on Maize Production among Rural Youth: A Solution for
Sustainable Food Security in Nigeria. http://www.webpages.uidaho.edu/ mbolin/olaniyi-adewale.htm

Rawat KS, Bala A, Singh SK, Pal RK. (2017). Quantification of wheat crop evapotranspiration and mapping: A case
study from Bhiwani district of Haryana, India. Agricultural Water Management,187: 200-209.

Shah R. T, Prasad K, Kumar P. (2016). Maize- A potential source of human nutrition and health: A review. Cogent
Food and Agriculture, 2: 1-9. https.//doi.org/10.1080/23311932.

Sharma V, Irmak S. (2012b). Mapping spatially interpolated precipitation, reference evapotranspiration, actual crop
evapotranspiration, and net irrigation requirements. In Nebraska: Part Il. actual crop evapotranspiration,
and net irrigation requirements. Published by American Society of Agricultural and Biological Engineers
(ASABE): Nebraska, USA.

Udom, B. E. and Kamalu, O. J. (2019). Crop Water Requirements During Growth Period of Maize (Zea mays L.) in a
Moderate Permeability Soil on Coastal Plain Sand. International Journal of Plant Research. DOI:
10.5923/j.plant.20190901.01

Xu, H., Tian, Z., He, X., Wang, J., Sun, L., Fischer, G., Fan, D., Zhong, H., Wu, W., Pope, E. and Kent, C. (2019). Future

ACADEMIC INK REVIEW | CHIWETALU, EGWUAGU, OKECHUKWU & NEBECHUKWU, 2022



https://www.sciencedirect.com/referencework/9780123485304/encyclopedia-of-soils-in-the-environment

American Journal of Applied Sciences and Engineering | AJASE
Vol. 3, No. 3 | March, 2022 | pp. 12-27

increases in irrigation water requirement challenge the water-food nexus in the northeast farming region of China.
Agricult. Water Manag. 213, 594

ACADEMIC INK REVIEW | CHIWETALU, EGWUAGU, OKECHUKWU & NEBECHUKWU, 2022




