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Abstract: Precipitation is a major augmentation in field irrigation. However, not
all precipitates supplied to fields are effectively used. Some definitely are lost in
one way or another, like evapotranspiration. Also, every crop has a certain dose of
water it requires for proper functions. Overdose or underdose poses negative
effects. This work appraisingly studied the effective precipitation,
evapotranspiration, as well as the water requirements of ginger (Zingiber
officinale) cultivation in irrigation systems for production optimization. Upon
precipitate capturing and recordings through appropriate meteorological means,
the amount of precipitation duly utilized by plants in the field, otherwise known as
effective precipitation, was obtained. On the other hand, the evaporation and
transpiration capturing and recordings were used in obtaining the
evapotranspiration. These were accompanied by comprehension of the specific
water required for plants (ginger) for optimum growth in irrigation systems.
Resultantly, the effective precipitation was 34595 mm on a daily basis with 629
mm on average, and the total monthly value was 35493 mm with an average of
3549 mm. Evapotranspiration was 427 mm on a total daily basis, with an average
of 8 mm, as well as a monthly total of 2417 mm, averaged at 242 mm. The
irrigation water requirement recorded a total of -31906 mm with an average of -
580 mm on daily basis, and a total of -33076 mm, averaged at - 3308 mm on a
monthly basis. The resultants sets pace for agricultural decision-making of verse
kind. These data will help in monitoring and keeping records useful in managing
observable changes (climate, soil reservoir, and others) in the area with respect to
farmlands.
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L. INTRODUCTION
Optimizing production is a major goal in
agriculture. This include application of

innovations in maintaining good cultivational
environment for agriculture to thrive. Irrigation
precision provide avenues of such, through
developed techniques validatively tested. Prior
this research enquiry, previous studies on
effective precipitation, evapotranspiration, and
irrigation water requirements of plants abound.
In case of ginger plants, none laid emphasis on
the above stated. This work therefore fills the
research gap of providing the data with respect
to the ginger plant and the above stated,
specifically in the study area. Also, global
demand for more production of food increases
on daily bases (Okolotu et al., 2025), calling on

strategic advancements. Advances in the
knowledge of effective precipitation,
evapotranspiration, and irrigation water

requirements will contribute positively to an
optimum agricultural production.

Effective precipitation refer to the amount
of precipitation effectively utilized in the field by
irrigated crops. Precipitation is any liquid or
frozen water that forms in the atmosphere and
falls to earth (NGS, 2023). Precipitation is the
main way atmospheric water returns to the
surface of the arth (WSC - USGS, 2019b).
Precipitation is a fundamental component of the
global water cycle and a key hydrologic variable
of the water cycle for meteorology, climatology,
and hydrology (Liang and Wang, 2020).
Precipitation is the driving force behind all
hydrologic processes, and without it, there can
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be no infiltration, transpiration, surface runoff,
baseflow, channel flow, or any other hydrologic
process (USACE - HEC, 2024). Precipitation is
water released from clouds in the form of
freezing rain, rain, sleet, snow, or hail (WSC -
USGS, 2019b). When and where precipitation
falls is determined by the climate system
especially by the patterns of atmospheric and
ocean circulation, and how much water returns
in the atmosphere (UCMP, 2025). Accordingly,
effective precipitation is defined as the total
amount of precipitation that contributes to the
evapotranspiration requirements of a crop cover
by reducing a particular amount of irrigation
water needed (Muratoglu et al., 2023). Effective
precipitation refer to the quantity of
precipitation that enters the soil upon
application, and becomes usefully available to
the crops. During drier periods less than smm
of daily rainfall would not be considered
effective, as this amount of precipitation would
likely evaporate from the surface before soaking
into the ground. But in an instant where a
moisturized soil with less irrigation water
requirement receive same quantity in the root
zone, the same quantity of precipitation may be
considered effective. This is because the 5 mm
precipitation will be available to the reach of the
crop root for its functions. Muratoglu et al.,
(2023), pointed that the parameters that affect
effective precipitation are grouped into three
classes: precipitation (amount, frequency, times
of occurrence, intensity, etc), land/soil
information (topography, surface depth to the
groundwater, infiltration rate, water holding
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capacity, evaporation, etc), and crop
characteristics (cultivation periods,
evapotranspiration, crop coefficients, etc).

Evapotranspiration is a water exhalation
processes involving evaporation and
transpiration. Evaporation accounts for 9o % of
the earth’s atmospheric moisture, the other 10
percent is due to plant transpiration and a very
small amount from sublimation (DETSIQ,
2023). In the hydrologic cycle,
evapotranspiration is the sum of the two
processes of evaporation and transpiration,
which are responsible for returning water to the
atmosphere, from the surface of objects
containing liquid water, such as lakes and
streams, soil, and organisms (Sundberg, 2023).
It is a critical process within the hydrologic cycle
— the transformation of water from the liquid to
vapor phase cools down the surrounding
atmosphere, contributes to cloud formation,
and acts as a distillation process creating pure
H-0O, while transpiration is a key mechanism
that moves water and nutrients through plants
(CUSWL, 2024). Evaporation is the process that
changes liquid water to gaseous water (water
vapor), occurable when energy (heat) forces the
bonds that hold water molecules together to
break (WSC - USGS, 2019a). During the
evaporation period, the water exist in gaseous
phase of matter, allowing the convertible water
molecules to mingle with air and other
components of the atmosphere. Once
evaporated, a water molecule spends about 10
days in the air (WSC - USGS, 2019a), before
converting to any of the other two (liquid or
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solid) of the three phases of water.
Transpiration involves the loss of water vapor
from plants, primarily through pores called
stomata (Sundberg, 2023). This also helps in
nutrient transport from the root zone to plants
leaves. According to CSU - CCCC (2025), more
than 99.9% of the water used by an irrigated
crop is drawn through the roots and transpires
through the leaves with small amount (0.1%) of
the water taken up by plants being used to
produce plant tissue. The concept of developing
an open-access ET databases for ET-based
agriculture water management 1is under
development by various organizations such as
the US Geological Survey, US Department of
Agriculture, the Commonwealth Science and
Industrial Research Organization of Australia,
and the Chinese Academy of Sciences
(Wanniarachchi, and Sarukkalige, 2022). Solar
radiation or sunlight, air temperature, wind
speed, and, relative humidity are the main
weather factors that influence
evapotranspiration. Generally, as sunlight,
temperature, and wind increase and as relative
humidity decreases, ET of a plant or planted
area increases, provided soil water content is
adequate (UCANR, 2025). This is to say that the
evapotranspiration rate will drop if the water
quantity in the soil diminish, even if the weather
factors support a high rate condition for
evapotranspiration. Irrigation also increasingly
influence evapotranspiration by adding more
water which increases the wetness of the soil,
and consequently increasing the water amount
that evaporates from soil surfaces as well as
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transpiration from plant surfaces.
Evapotranspiration is measured and reported
on daily record which can be translated to
monthly and yearly bases. UCANR, (2025),
recommendably emphasized that, a single
standardized value known as ETo or reference
ET can be calculated at numerous locations to

-
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Figure 1: Evaporation, transpiration and
precipitation water movement processes of the
hydrological cycle (NOAA, 2023)

Irrigation water requirement refers to the
irrigation water need of plants. A lack or excess
of water causes problems. Precise water
requirement is very important for accurate
management and conservation of agricultural
water (Wanniarachchi, and Sarukkalige, 2022).
Insufficient water, cause water stress, which
eventually affect productivity. Also, excess water
lead to root suffocation, diseases, nutritional
disorders, etc. Despite 95% of agricultural land
being primarily rainfed, increasing water
scarcity can have a negative impact on cropland
productivity (Fitton et al., 2019). Water
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reflect the influence of local weather and climate
on plant water wuse, to reduce the
cumbersomeness and complexity in generating
ET values each day in numerous locations for
thousands of different plants. ET and other
water movement variables of the hydrological
cycle are presented in figure one (1) below;

requirements is vital for efficient and optimum
use of water. To accomplish the efficient use of
water, experts rely on data collected by soil,
plant, and atmosphere to manage properly the
irrigation requirements of the crops (Mylonas et
al., 2020). To maximise crop yields, it would
require a 146% increase in global irrigation
water use (Fitton et al., 2019).

Ginger is a worldwild useful plant cultivated by
burying the root halfway beneath the soil. It is
commonly known as ginger, belonging to the
family of Zingiberaceae, botanically named
Zingiber officinale, and named "zangabil" in
Persian (Khodaie and Sadeghpoor, 2015).
Historical evidence indicates that ginger was
originally indigenous to Southeast Asia (today’s
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northeast India), cultivated for thousands of
years as a spice, and during medieval times, it
was exported from India to other parts of the
world (Jakribettu et al., 2016). At present, India
remain a ginger import nation to Nigeria.
Zingiberis” is the Greek word derived from the
Sanskrit “shringravera” meaning “shaped like a
deer's antler's” (Vasconcelos et al., 2019). Edible
ginger is the knobby, fat, aromatic rhizome of
Zingiber officinale, a tender herbaceous
perennial plant, native to humid, partly - shaded
habitats in moist tropical and subtropical
forests of Southeast Asia (WHDE, 2025). Some
medicinal application of ginger include: a tonic
for the memory and digestive system, the
hepatic obstructions opener, aphrodisiac, for
expelling compact wind from stomach and
intestine, diluting, desiccating and emollient of
phlegmatic and compact humor sticking to
stomach, intestine, brain and throat, a
vermifuge and remedy for paralysis and
obstructive jaundice. (Khodaie and Sadeghpoor,
2015). Among the large ginger family
(Zingiberaceae) of about 1,300 species, ginger is
grown for the hot, pungent flavor of the rhizome
which can be used fresh, dried, ground or
preserved (in brine, vinegar or sugar syrup) in
most cases (WHDE, 2025). It grows annual
stems of about a meter tall bearing narrow
green leaves and yellow flowers, and in due time,
the rhizome (ginger) is gathered when the stalk
withers, immediately scalded, or washed and
scraped, to kill it and prevent sprouting (NEPC,
2018). It is grown commercially in South and
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Southeast Asia (India, China, Nepal), tropical
Africa, parts of Central America and the
Caribbean, and Australia where it takes about 8-
10 months from planting to harvest the crop
(WHDE, 2025). Fresh ginger contains moisture
(80.9%), protein (2.3%), minerals (1.2%), fiber
(2.4%), and carbohydrates (12.3%), with
minerals like calcium, Iron, phosphorous, and
vitamins such as thiamine, riboflavin, niacin,
and vitamin C (Sharif et al.,, 2018). Kaduna,
Nasarawa, Benue, Niger, and Gombe States are
the known producing states in Nigeria (NEPC,
2018). Some other states of Nigeria (with
favorable soil) that produce little quantities, also
contribute to the national and international
ginger market. A typical example is Delta state
(this study area region). Nigeria's main
exporting countries are the Netherlands, United
Kingdom, Germany and United Arab Emirates,
while India, China, Bangladesh, Germany, Saudi
Arabia, Netherlands, and United Arab Emirates
are the importing countries (NEPC, 2018). A
typical example of the ginger plant is presented
in figure two (2) below, showing three
descriptions. The (I) section presents a ginger
cultivation, the (II) section shows a ginger plant
with the purple coloured lines running through
the leaves (almost ripening notice), and the (III)
section shows the ginger plants with wiltering
leaves like burning leaves indicating the last
stage of cultivation (already ripened and ready
for harvest). These are presented in the figure
below;
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Figure 2: Ginger (Zingiber officinale) cultivated
in irrigation system with sprinkler placements
(by site photography at study area)

II. MATERIALS

The main material used in the course of this
research work was the research study area. The
study area is the irrigation section in the
demonstration station, at the soil and water
engineering unit of the department of
agricultural engineering, in Southern Delta
University, Ozoro, Delta state of Nigeria, west
africa. Other materials used include the ginger
plants, sprinkler irrigation system, precipitation
gauges, evaporimeter, logbook, site camera, etc.
III. METHODS

Relevant literatures were used in establishing
tangible understanding relative to this research
study. Upon scientific site measurements,
precipitation readings of the study area were
obtained prior installed and observed
precipitation gauges. The values were used in
obtaining the effective precipitation using
numerical methods. The effective precipitation
was further used in obtaining other valuable

results. In line with Brouwer, and Heibloem,
(1986) of the food and agriculture organization
(FAO) of the United Nations, irrigation required
is a result of effectively used precipitation (Pe)
subtraction from evapotranspiration (ET). This
is mathematically presented as below;

IR =ET - Pe ...(eq.1)

Where: IR is the irrigation water requirements.
ET is the evaporation and transpiration,
obtainable using pan measurements. Pe is
precipitation  effective, obtainable from
precipitation (P), using two equations as below;

Pe =(0.8P) - 25 ... (eq. 2)

Pe = (0.6 P)-10 ...(eq. 3)

Note: The equation 2, is applicable when P > 75.
Equation 3, is applicable when P < 75. And,
either equation 2, or, equation 3, are usable
when P = 75. However the choice of equation,
when P = 75, the answer will be the same
irrespective of the precipitation equation
(above) used.
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IV. RESULTS

The obtained results are presented in table one (1) below;

Table 1: Tabulated obtained results

S/N | Date | Daily | Daily | Monthly | Evapot | ET Irrigati | IR

(day) | Precip | Effect | Effective | ranspir | (mm/ | on (mm
itate |ive Precipita | ation, | mont | Water |/mo
Amou | Preci |tion, Ep |ET h) Requir | nth)
nt, P |pitati | (mm) (mm/d ements
(mm) |on, Ep ay) , IR
(mm) (mm/d
ay)
1 1- 0 o 0 8 248 8 248
31/01
2 1- 0 o 0 8 232 8 232
29/02
3 25/03 | 252 177 263 8 248 -169 -15
4 26/03 | 139 86 8 -78
5 04/04 | 809 622 2446 8 240 -614 -2206
6 18/04 | 1455 1139 8 1131
7 29/04 | 888 685 8 -677
8 30/05 | 1,949 1534 3068 8 248 -1526 -2820
9 31/05 | 1,949 | 1534 8 -1526
10 10/06 | 2,009 | 2302 6268 8 240 -2204 -6028
11 21/06 | 2,509 1982 7 -1975
Okolotu G.I.
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12 24/06 | 1,358 1061 8 -1053
13 25/06 | 176 116 8 -108
14 27/06 | 339 246 8 -238
15 |28/06 |733 561 8 -553
16 03/07 | 1,727 1357 9595 8 217 -1349 -9378
17 | 05/07 | 482 361 7 -354
18 08/07 | 452 337 8 -329
19 10/07 | 2,558 | 2021 7 -2014
20 |11/07 |1,115 867 7 -860
21 15/07 |2,097 |1653 8 -1645
22 16/07 | 179 118 6 -112
23 17/07 |33 10 8 -2

24 18/07 |9 -5 6 11

25 19/07 |12 -3 8 11

26 22/07 | 1,076 837 8 -829
27 26/07 | 370 271 6 -265
28 29/07 | 1,115 867 8 -859
29 30/07 |27 6 8 2

30 02/08 | 376 276 2498 8 248 -268 -2250
31 12/08 | 194 130 8 -122
32 13/08 | 270 101 8 -183
33 |15/08 |21 3 8 5

34 |19/08 |42 15 6 -9

35 20/08 | 1,115 867 8 -859
36 21/08 | 261 184 8 -176
37 26/08 | 764 586 8 -578
38 27/08 | 164 106 8 -98
39 31/08 | 206 140 8 -132
40 | 02/09 | 679 518 2497 8 240 -510 -2257
41 06/09 |18 1 8 7

42 | 09/09 | 648 493 8 -485
43 |10/09 | 497 373 8 -365
44 11/09 | 876 676 8 -668
45 |19/09 |115 67 8 -59
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46 | 23/09 |330 239 8 -231

47 |27/09 |194 130 8 -122

48 02/10 | 1,324 1034 8835 7 248 -1027 -8587

49 | 04/10 |21 3 8 5

50 7/10 1,418 1109 8 -1101

51 09/10 | 173 113 8 -105

52 11/10 2,103 1657 8 -1649

53 |14/10 |3,988 | 3165 8 -3157

54 |22/10 |1,903 |1497 8 -1489

55 |30/10 | 352 257 8 -249

56 29/11 |55 23 23 8 240 -15 217

57 1- 0 0 0 8 248 8 248

31/12
Tota | 57 44,824 | 34595 | 35493 443 2897 |-31890 |-
1 3259
6

Av. |1 786 607 2958 8 241 -559 -2716

Cultivation interval of the ginger plants, in the In January and December, 248 mm of irrigation
research station, was March to December water was required to be available for plants
(excluding January and February values). optimum functions and yields. This was exactly
During this period, effective precipitation equivalent to the crop water requirements. The
recorded daily outcomes of 34595 mm on total crop water requirements, an ident of
with average of 629 mm, while the monthly evapotranspiration, was significantly notable,
total value was 35493 mm with average of 3549 even in the absence of precipitation, playing a
mm. Evapotranspiration recorded a daily total vital role in the irrigation water requirements.
of 427 mm with average of 8 mm, and monthly This indice its role in water movement as well as
total of 2417 mm with average of 242 mm. And, picturing its impact in water management.
irrigation water requirement obtained data Same precipitation absence was observed also in
yielded a total of -31906 mm with average of - February except that the days of February
580 mm on daily basis, and a total of -33076 months were less, thus yielding 232 mm.

mm with average of -3308 mm on monthly Since ginger plants cultivation is about nine (9)
values. months on intermediate interval with respect to
V. DISCUSSION the specie type, irrigation provides avenue for

water availability for its optimum -cultivation
Okolotu G.I.
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within the preferable months all - round the
year in the study area and relative regions in
line to its climate attributes. This is with respect
to the annual six (6) months of dry season in
Nigeria at large, which in most cases determine
planting periods. While some farmers able to
acquire irrigation system lack knowledge of the
rate of application with respect to plants need.
Lack of comprehensive data hinders the
development of effective design and
strategies (Okolotu, 2024). These results adds
to the existing data in facilitating various
decision processes for irrigation experts,
researchers, agriculturists, etc., towards making
effective conservation plan, designs, and,
implementions. In line with Zaman, (2023)
idealogy, writing contributions on precision
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