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Abstract

Sorghum is an essential food security crop in the majority of the ASALS regions, such as Baringo County. This study investigated
the critical relationship between rainfall levels and the initiation of sorghum planting, with the aim of identifying the threshold at
which rainfall is considered sufficient for germination and optimal growth. This study used historical meteorological data from
1990 to 2022, field experiments, statistical analysis, and sorghum growth patterns to discern the trigger points for planting, which
are essential for ensuring successful cultivation. This study uncovered alterations in rainfall onset and seasonal rainfall
accumulation. The planting window in Baringo County varied significantly, with some dates falling above and below the average
onset values of April 4™ for the long rainfall season and September 24" for the short rainfall season. A short rainy season is not
ideal for sorghum planting, as it typically receives less than 300 mm of rainfall, which is insufficient for sorghum production. The
optimal planting time for sorghum is usually late March and early April. The study found that 36.4% of the long rainy season
years had high production, 42.4% had normal production, and only 21% had low or no productivity. The years 2000 and 2018
experienced minimum and maximum rainfall amounts of 198.45 mm and 941.9 mm, respectively.
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1. Introduction

Climatic data provides valuable information regarding the
suitability of the environment for crop growth and develop-
ment. In particular, the timing and amount of rainfall are
crucial factors in determining planting dates [1]. The onset of
the rainy season plays a significant role in agricultural man-
agement, as it ensures sufficient soil moisture during planting
and early growing periods, reducing the risk of crop failure.
Water use for most crops is affected by two critical factors:
growth stage and environmental demands [2]. Environmental
demands mainly include rainfall, humidity and daily temper-

atures. Areas with high humidity demand less water than
those with low humidity. Similarly, areas with high temper-
atures also demand more water than those with relatively low
temperatures. However, there are differences in the use of
water because of the varying growth and maturity of various
crops. Most ASALSs regions such as Baringo County regularly
experience water stress. These regions are classified as Arid
and Semi-Arid Lands (ASALSs), owing to their ability to re-
ceive low amounts of rainfall. Some of the effects of water
stress include a reduction in cell expansion rate, cell size, stem
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elongation, growth rate, and leaf expansion which results in
the death of the crop [2]. Therefore, farmers must know the
sufficient amount of water they need before planting their
seeds and determine the most suitable planting date for their
region by understanding the climatic conditions and using
appropriate techniques. Rainfall during the planting period is
crucial for sorghum because it determines the germination,
root establishment, and early growth of the crop [3]. Insuffi-
cient rainfall during this period can lead to poor germination,
stunted growth, reduced tillering, and an overall yield poten-
tial. Determining the optimal moisture amount for sorghum
during the planting period is crucial for ensuring healthy
growth, maximum vyield potential, and mitigating the risks
associated with both water stress and excess moisture. Sor-
ghum plants that receive optimal rainfall during the planting
period are more likely to have a higher yield potential than
those that experience water stress or excess moisture.

The traditional sowing strategy employed by farmers in
Marigat is dry and wet. Dry seeding entails planting before the
rainy season, when the soil is still dry, whereas wet seeding
involves planting after rainfall. However, both methods pre-
sent certain challenges, such as high soil temperatures or
irregular rainfall, which can negatively affect seed germina-
tion and early development of the crop. Additionally, sowing
after rainfall may result in the seed receiving sufficient
moisture to begin germination but insufficient moisture for
the seed to sustain early growth, ultimately leading to wilting
of the crop.

The accurate prediction of the onset and duration of the
growing season has crucial implications for smallholder
farmers [31]. This prediction allows farmers to synchronise
their planting activities with the beginning of the growing
season, optimise soil moisture utilisation, and mitigate the
risks of crop failure from untimely planting. Anticipating the
timing of the growing season empowers farmers in effective
water resource planning, particularly in rain-fed agricultural
systems. Furthermore, these accurate predictions serve as
valuable tools for farmers to proactively manage cli-
mate-related risks, adapt agricultural practices, and bolster
food security by improving crop production and reducing
vulnerability to climate-induced shocks. The insights also
guide decision-making on various agricultural practices, such
as land preparation, fertiliser application, and pest manage-
ment, fostering more efficient and sustainable farming prac-
tices [11].

Climatic factors, such as rainfall amount, distribution, and
onset/cessation of rain, have a direct impact on crop yields
and determine the agricultural calendar. Critical stages such
as germination require enough rainfall; however, insufficient
moisture results in stunted growth, reduced grain formation,
and low yield. On the other hand, excessive rainfall during the
planting season affects seeds, leading to rot and damage,
which results in low sorghum production [4]. Germination is
an essential stage in crop development, and sufficient water is
required for the establishment of healthy crops [5].
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The primary trigger for various farmers to start planting
sorghum in ASAL areas is the perceived reliability and
availability of moisture during the planned planting date and
for the growing season [3]. Moisture is specifically tied to the
advent of the rainy season. Therefore, after land preparation,
farmers are ready to start planting as soon as there is perceived
availability of rains. Hence, rain plays a critical role in the
planting of most crops in ASALSs as well as in other regions
globally. Before embarking on planting, a number of factors
must be observed by farmers to provide them with a green
light on when to start planting. The pattern of rain is an es-
sential factor because early rain may disappear immediately
after planting. In the event of rain disappearance, farmers may
lose their investments [6]. It is necessary to wait for the first
rain to accumulate to a threshold level in order to provide
green light for planting. The reason for this accumulation is to
build enough moisture necessary for kick-start germination as
well as to facilitate the initial growth stages. Because irriga-
tion is rarely practiced in Baringo County for sorghum culti-
vation, waiting for sufficient moisture buildup is critical to
ensure crop maturity.

Historically, farmers in Baringo have relied on the onset of
rainfall to know when to plant which has really worked to
their disadvantage in terms of resource input. Adequate rain-
fall during the planting period ensures sufficient soil moisture
for seed germination and early growth, leading to better crop
establishment. This in turn promotes root development, nu-
trient uptake, and overall plant growth. Farmers need to con-
sider the specific requirements of sorghum at each stage of its
growth and aim for a rainfall amount that provides sufficient
moisture without being in excess.

This calls for scientific knowledge useful for predicting the
changing climatic conditions that affect seed germination. For
successful crop production, it is prudent to understand the
optimal amount of rainfall that is essential for germination
before placing seeds in the soil. However, the required
amount of rainfall depends on several factors, such as soil
type, crop variety, and local climate [7]. For the ASALS re-
gions, it is necessary to understand the required amount of
rainfall to avoid losses from crop production.

Sorghum crop

Sorghum, commonly known as Sorghum bicolor, is a cereal
crop ranked as the fifth most vital cereal grain in the world
after wheat, maize, rice, and barley [10]. Its cultivation is
common in developing countries, with Asia and Africa being
its largest producers. Globally, Africa produces approxi-
mately one-third of sorghum. Cereal dominance in Africa is
attributed to its adaptability and suitability for tropical condi-
tions experienced in Africa [11]. Sorghum is an essential crop
for most households in sub-Saharan Africa. Therefore, en-
suring food security in Africa and Asia is vital [12]. The crop
can perform well under unfavourable, favourable, and harsh
weather conditions that are prevalent in the majority of ASAL
regions [9]. This is because the crop can withstand prolonged
periods of drought and high temperatures, which characterise
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these ASAL regions. In addition, crops can endure prolonged
periods of waterlogging. As a result of increasing global
warming as well as climate change, sorghum seems to be a
promising alternative for both enhanced income as well as
food security as compared to other cereals such as maize,
which are prone to failures due to harsh weather conditions
[13].

Sorghum production potential in Kenya ranges from 2 to 5
ton/ha against the realized production yield of 0.7 tons/ha
which is unlikely to meet the ever-increasing domestic market
[10]. In Kenya, sorghum production is practiced in both
marginal and semi-arid regions that experience high temper-
atures and low and erratic rain. Low amounts of rainfall and
high temperatures cause these regions to experience chal-
lenging agricultural conditions. In Kenya, ASALs regions
include parts of eastern, northeastern, coastal, Rift Valley, and
Nyanza Province. These areas have remained the largest
producers of sorghum in the country. For example, in 2014,
close to 1.9 million bags (90 kg) of sorghum were produced,
and both the Eastern and Nyanza provinces recorded the
highest volume of production. The provinces produced
761,414 and 757,862 bags, respectively [12].

Sorghum crops have excellent water extraction techniques
for soil. This ability enables it to survive in harsh areas where
other cereals such as maize cannot survive. Approximately 90%
of the total water used by sorghum crops is extracted from soil.
Soil depth should range from 0 to 1.65 m. Sorghum crop
remains a good choice for commercial subsistence farming
[12]. This is because the crop has diverse uses, ranging from
food and breweries (alcohol production) to biofuels and live-
stock feed (fodder). However, the success of sorghum pro-
duction relies heavily on the knowledge of rainfall patterns
and essential crop growth requirements. Sufficient rainfall is
required for crop maturity; therefore, this study examined the
rainfall patterns within Marigat, Baringo County, to determine
the rainfall needed at the time of planting.

As noted by Carcedo et al., (2021), early planting is vital for
this crop and soil temperature plays a major role in the ger-
mination rate. This crop requires warmer soil temperatures
greater than 18<C for rapid and dependable emergence. This
temperature can be easily attained in ASALS regions. At the
target planting depth, this temperature should be measured
and recorded early in the morning to assess the germination
conditions. To characterise planting suitability, the daily low
temperature should be measured and recorded. Throughout
the year, the climate in Baringo County is warm, with tem-
peratures typically ranging between 18<C and 32<C [14].
Understanding compensatory effects in sorghum genotypes
under different water regimes helps in overcoming the water
stress triggered after drought [10]. To avoid water stress, the
crop requires approximately 1-2.5 mm of water per day [2].

Criteria used to determine the first planting dates

The start of the growing season is the date when accumu-
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lated rainfall exceeds one half of the potential evapotranspi-
ration for the remainder of the growing season, so long as
there is no dry spell longer than five days immediately after
this date [15]. The start of the growing season is the 10-day in
which rainfall is equal to or greater than 25 mm, but where the
successive 10-day rainfall total is more than half of the po-
tential evapotranspiration [16].

Several techniques exist to determine the onset and cessa-
tion dates of rainfall in Kenya. They are grouped into tradi-
tional techniques, accumulated rainfall totals, and rainfall—
evapotranspiration relationships. These techniques include
Walter’s method (fraction of evapotranspiration), hierarchical
Bayesian model, percentage cumulative mean model, ogive
method, inter-tropical discontinuity rainfall model, and the
rainfall evapotranspiration model [17]. Unlike other methods
that rely on indirect factors, such as evaporation, humidity,
and atmospheric pressure, Walter's method utilises rainfall
data that are readily available and directly measured [17].
Walter's method outshines others in terms of both accuracy
and ease of implementation.

Gudoshava et al. (2020b) method utilises the number of
rainy days and spell lengths. A wet day is characterised by an
accumulated rainfall of at least 1 mm. The onset of the wet
season is determined by the first day when a prolonged period
of rainfall, lasting for at least three consecutive days, amounts
to at least 20 mm, and there is no dry spell of at least seven
days within the following 20 days [18, 29].

The most commonly used methods in the literature are
those that apply threshold values to the total rainfall amount
[19, 20]. According to Marteau et al. (2011), the onset of a
3-day period of continuous precipitation amounts to at least
20 mm, without any break in precipitation for 10 consecutive
days, within the next 20 days.

Some criteria applied in Zimbabwe to determine the first
planting dates for farmers are the AREX criterion developed
by the Ministry of Land and Agriculture, the MET criterion
developed by the Ministry of Transport and Energy, and the
DEPTH criterion developed in a study by Raes et al. (2004) as
an alternative. The AREX criterion is based on the require-
ment of 25 mm rainfall in seven days, and the MET criterion
requires 40 mm rainfall in 15 days. The DEPTH method in-
volves farmers inspecting the soil conditions for planting by
digging a test hole after a rain event to form a recognisable
wetting front. This method quantifies the cumulative rainfall
depth over a maximum of four days, with the aim of bringing
the top 0.25m of the soil profile to field capacity. A cumula-
tive total of 40 mm of rainfall received during a maximum of
four successive days is proposed as a practical guideline for
farmers using the DEPTH method, which is applicable to all
soil types, as the required rainfall does not vary significantly
across different soil types. These criteria were used to advise
farmers on when to plant at the onset of the rainy season. [21].
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Table 1. Rainfall amount required to wet the top 0.25m of an initially dry soil profile (at wilting point).

Soil type TAW (total available soil water) (mm/m soil depth) Required rainfall (mm) Rainfall + 20% (mm)
Clay 126 32 38
Sandy clay 117 29 35
Sandy clay loam 127 32 38
Sandy loam 138 35 41
Loamy sand 114 29 34
Sand 90 23 27

Source: [21]

A threshold value of 40 mm of rainfall was established by
increasing the TAW values by 20%, as shown in Table 1, to
account for losses due to surface runoff, uneven wetting, and
soil evaporation due to the high temperatures experienced in
ASALSs areas.

Growing Degree Days (GDD) are a measure used to esti-
mate crop development and yield potential based on temper-
ature data [22]. The calculation of growing degree days is one
method that can also be used to determine the first planting
date based on climatic data. To calculate the total growing
degree days for each planting date, the equation below can be
applied [23].

GDD = Y1 (T, — Tp) 1)

Where;

Tn: The mean daily temperature (averaged over all read-
ings)

T,: The base temperature; the temperature below which
plant growth is considered to be zero

n: The number of days elapsed

Factors such as the length of the growing season, available
water resources, and potential weather fluctuations are con-
sidered because they can help determine the best first planting
date to maximise crop yield and minimise the risk of crop
failure. By analysing the temperature data and calculating the
total growing degree days for each potential planting date,
farmers and researchers can determine the optimal first
planting date that will provide the highest expected yield for

the specific crop being planted [24].

The threshold water required by farmers to trigger planting
of sorghum is 2.5 mm, which yields a moisture index equiv-
alent to 40 % [2]. A moisture index of 40% in the ASALs
region can be achieved by annual rainfall of 450-900 mm.
However, these areas rarely experience more than 750 mm of
rain annually, except during flooding. The soil moisture level
is critical for seed germination. An inadequate soil moisture
index may lead to germination failure. Therefore, farmers
must wait for the soil to gather sufficient moisture before
planting seeds. The threshold of water (2.5 mm) may be suf-
ficient to support germination which may rise to 3.5 mm/day
or more due to the event of high temperatures as experienced
in ASALs regions. The majority of ASALSs regions tend to
experience warm temperatures as early as 9AM up to 6 PM.
At times, these regions experience extreme temperatures,
which escalate evapotranspiration. A large amount of water,
in terms of moisture, is lost at high temperatures, leading to
soil dryness. However, as the crop advances to the 7-leaf stage,
the water requirements drastically increase. The 7-leaf stage
occurs within the first 30 days after germination. Sufficient
water requirements increase to 7-10 mm/day until the crop
reaches the boot stage [2]. Sorghum crops have excellent
water extraction techniques for soil. This ability enables it to
survive in harsh areas where other cereals such as maize
cannot survive. Approximately 90% of the total water used by
sorghum crops is extracted from soil. Soil depth should range
from O to 1.65 m. As indicated in Table 2, the ASALSs areas
experience a moisture index between 15 and 40%.

Table 2. Agro-climatic characteristics of ASALs in Kenya.

Agro-Climatic Zones Classification

v Semi-humid - semi-arid
\V Semi-arid
VI Arid

Moisture Index (%6)

40-50
25-40
15-25

Annual Rainfall (mm) Land area (%)

600-1100 5
450-900 15
300-550 22
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Agro-Climatic Zones Classification

Vil Very arid <15

Source. Modified from [25]

2. Materials and Methods

The climate in Kimorok can be described as warm and
overcast. The average annual temperature ranges from 18<C
to 33<C. In extreme cases, the temperature can decrease to
16 <C for the lowest value and increase to 34 <C for the highest
value.

Weather-related information was analysed over a specific
study period, that is, 1990 to 2022. These data included pa-
rameters such as temperature, precipitation, humidity, wind
speed, and solar radiation. For planting, precipitation and
temperature were analysed. By analysing climatic data,
farmers can gain insights into prevailing weather patterns and
make informed decisions about the best planting date for their
crops. Descriptive statistics, such as minimum, maximum,
sum, and range, were used to describe the rainfall parameters
and temperature.

Mhizha et al., (2014a) & Raes et al., (2004), descriptions in
which they defined agricultural rain (wet) day occurs when an
area receives 4.95 mm or more of rainfall, 2.95 mm or more of
rainfall is a rainy day, any day that accumulates less than 2.95
mm of rain is a dry day and at least 100 mm of rain within five
consecutive days is waterlogging [26]. Looking at the geo-
graphical location, a rainfall of more than 2.5 mm as a rainy
day and less than 2.5 mm as a dry day was adopted in Baringo
having applied the Indian Institute of Tropical Meteorology
(IMD) that defined ‘dry days’ as continuous period with daily
rainfall equal to or less than daily mean rainfall over the area
of interest [27]. The IMD defines a dry day as a day when
rainfall is less than 2.5 mm [28].

The onset of rainfall was modified from the definition used
by Mupangwa et al., (2011) where onset was defined as the
first day after 1 March when the rainfall accumulated over 3
days was at least 20 mm, and to avoid a false start through
long dry spells, a condition was set such that the day should
not be followed by nine consecutive dry days within 21 days
of the start date. The risks of dry spells of 10 days or more in
the planting window between 15th March and 15th April were
determined.

Statistical analysis

The R statistical system was employed in this study to de-
termine the optimised onset of rainfall that could initiate
planting and enable plants to grow to maturity.

Precipitation indices used in this study.

Consecutive dry days (CDD), days

Let RR;; be the daily precipitation amount on day i in pe-

Moisture Index (%)

65

Annual Rainfall (mm) Land area (%)

150-350 46

riod j. If N represents the number of days in j, count the
largest number of consecutive days where RR;; <
1mm and Total wet — day precipitation,mm
TOTPCP; = ¥N_| RR; 2)

Very wet-day precipitation, mm
Let R,; be the daily precipitation amount on a wet day w
(RR > 1.0 mm) in period j and let R,,,95 be the 95th per-

centile of precipitation on wet days in the 1990-2022 period.
If W represents the number of wet days in the period,

then R95p] = Zw—l RW]', RW] > an95 (3)
If W represents number of wet days in j,
then simple daily intensity index,%
N .
SD]I] — (Zn—lRR])/W (4)

This is based on mathematical principles that describe the
random variation of a set of observations

1

X=1yn % (5)
s? = By = X)? )
s= (52 - )?)2)1/2 (7)
CV =% 100 (8)

Where;

X: The sample mean

n: The number of observations

x,: The individual observation fori=1, 2, 3...n

s2: The Variance

s: The standard deviation

CV': The coefficient of variation

According to Hare (2003), CV is used to classify the degree
of variability of rainfall events as less if CV <20, moderate if
20<CV <30, and high if CV > 30.

Farmers can use rainfall data to estimate the soil moisture
availability during different planting periods. Once all the
relevant data and variables were considered, the information
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was used to determine the first planting date that would op-
timise crop emergence and yield.

3. Results and Discussion

To determine the optimal rainfall for sorghum during the
planting period, it is necessary to consider several factors,
such as soil type, crop growth stage, local weather patterns,
historical rainfall data, conducting field experiments, and
statistical analysis which can provide insights into the typical
soil moisture levels during the planting period. These factors
play a significant role in the water requirements of sorghum
during its early growth stages. This allows farmers to make

informed decisions regarding supplemental water require-
ments by optimising water usage, minimising costs, and re-
ducing the risk of over- or under-watering their sorghum
crops. It also helps farmers to assess the risk of waterlogging
or excessive moisture in their fields which allows them to
implement proper drainage systems or select well-drained
areas for planting, mitigating the risk of waterlogged soil,
which can hinder soil aeration, root development, and lead to
disease. By doing so, they can better predict and manage
potential drought conditions, adjust their planting schedule if
necessary, or implement irrigation strategies to ensure that the
crop receives adequate moisture at a critical early growth
stage.

Table 3. Summation of the rains at different intensity during the long season.

Year Sumofrain-  Sumof rain Sum of rain Su.m of
fall 20mm 10mm rain 5mm

1990 343.35 1 9 23
1991 323.99 0 2 22
1992 291.81 0 2 22
1993 267.68 0 2 13
1994 518.66 2 17 35
1995 326.93 0 6 14
1996 362.83 1 4 25
1997 497.18 5 16 36
1998 429.14 1 8 27
1999 315.26 1 3 13
2000 198.45 0 1 6
2001 447.26 1 5 37
2002 381.96 0 10 23
2003 574.83 4 12 37
2004 312.18 2 5 23
2005 377.36 2 5 23
2006 256.68 2 3 9
2007 451.26 1 9 32
2008 259.38 1 2 7
2009 243.22 1 5 10
2010 523.65 0 15 39
2011 438.99 1 9 30
2012 582.22 3 16 41
2013 521.62 3 10 36
2014 283.75 1 3 16

66

sumet it Sun St ot ran e
42 79 92 01/04/1990
46 79

43 72 99 08/04/1992
39 76 125 04/05/1993
64 96 112 21/04/1994
46 90 62 02/03/1995
49 93

53 75 95 04/04/1997
56 100 124 03/05/1998
44 84

36 67

72 95 83 23/03/2001
52 82 63 03/03/2002
75 100 104 13/04/2003
43 69 101 10/04/2004
57 88 118 27/04/2005
32 83 94 03/04/2006
62 89 103 12/04/2007
35 86

27 68 132 11/05/2009
66 107 82 22/03/2010
53 93 77 17/03/2011
79 104 111 20/04/2012
69 107 89 29/03/2013
45 78 73 13/03/2014
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Year Sumof rain-  Sumof rain  Sum of rain Su.m of
fall 20mm 10mm rain 5mm
2015 506.88 3 11 34
2016 500.11 1 16 40
2017 469.09 4 10 26
2018 941.9 8 31 65
2019 428.35 2 12 31
2020 847.19 10 23 57
2021 399.14 2 12 23
2022 364.5 2 6 22

Farmers need to know the sufficient amount of water they
need in a season before planting their seeds and determine the
most suitable planting date where rainfall distribution and
amount suit the growth stage for their region by understanding
the climatic conditions and using appropriate techniques.
Sorghum crops have different stages of growth, and for high
production, approximately 450-650 mm of water is required
during the sorghum growth period [8]. The minimum rainfall
threshold capable of sustaining sorghum crops ranges be-
tween 300 mm and 500 mm per year [9]. From the analysis of
the long rainy season during the study years, 36.4% of the
study period achieved high production, 42.4% sustained av-

sumetein Sumet | Sertel - Surtt i g
60 110 94 03/04/2015
58 96 69 09/03/2016
51 88 108 17/04/2017
98 129 62 02/03/2018
45 78 113 22/04/2019
83 114 85 25/03/2020
46 87 98 07/04/2021
45 79 88 28/03/2022

erage production, and there was minimal or no production in
21.2% of the years. 2000 had the lowest with rainfall amount
of 198.45 mm and extreme rainfall was noted in 2018 of 941.9
mm.

During the long rainy season as shown in the Table 3., the
planting dates for the years 1991, 1996, 1999, 2000, and 2008
were not estimated because the 20mm rainfall accumulation
over 3 days, without 9 consecutive dry days within 21 days of
the start date was not attained. The same applies to the years
1990, 1993, 1996, 1998, 2000, 2003, 2016, and 2018 in the
short season when the condition was not achieved, as shown
in Table 5.

Table 4. Level of crop production with respect to water requirement.

Minimal production (<300mm) Moderate (300-450mm)

1992, 1993, 2000, 2006, 2008, 2009,

1990, 1991, 1995, 1996, 1998, 1999, 2001, 2002,

High production (>450mm)

1994, 1997, 2003, 2007, 2010, 2012, 2013,

2014 2004, 2005, 2011, 2019, 2021, 2022 2015, 2016, 2017, 2018, 2020
Table 5. Summation of the rains at different intensity during the short season.

Year Sum of Sumofrain Sumofrain Sumofrain Sumofrain Sumofrain Startof rain Startof rain

rainfall 20mm 10mm 5mm 2.5mm 1mm (doy) (date)
1990 105.82 0 0 3 14 40
1991 137.13 0 0 6 21 48 248 04/09/1991
1992 172.34 0 3 7 27 61 250 06/09/1992
1993 93.48 0 0 1 5 37
1994 178.84 0 1 9 24 63 310 05/11/1994
1995 190.17 0 3 11 27 64 249 05/09/1995
1996 98 0 0 1 13 47
1997 299.61 0 3 18 48 77 292 18/10/1997
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Year Su.m of Sumofrain Sumofrain Sumofrain Sumofrain Sumofrain Startof rain Startof rain
rainfall 20mm 10mm 5mm 2.5mm 1mm (doy) (date)

1998 135.91 0 0 8 18 50

1999 130.45 0 1 5 15 47 334 29/11/1999
2000 130.82 0 0 2 24 50

2001 211.77 0 2 11 35 66 304 30/10/2001
2002 214.67 0 3 10 32 67 275 01/10/2002
2003 150.85 0 0 7 22 58

2004 183.57 0 2 6 29 64 308 03/11/2004
2005 157.33 0 3 11 26 38 252 08/09/2005
2006 357.34 1 11 22 43 82 252 08/09/2006
2007 162.2 0 16 22 47 253 09/09/2007
2008 261.99 1 5 15 38 61 278 04/10/2008
2009 221.76 0 2 17 35 58 282 08/10/2009
2010 192.69 0 2 12 26 53 262 18/09/2010
2011 416.92 2 10 29 48 74 248 04/09/2011
2012 352.93 1 6 28 48 75 248 04/09/2012
2013 255.74 1 4 16 29 66 249 05/09/2013
2014 198.64 0 2 10 28 63 246 02/09/2014
2015 378.55 2 8 20 46 92 307 02/11/2015
2016 160.55 0 0 6 25 60

2017 348.97 3 7 24 38 66 245 01/09/2017
2018 168.14 0 1 7 25 56

2019 499.4 2 13 34 66 95 245 01/09/2019
2020 398.84 1 6 23 41 73 250 06/09/2020
2021 233.03 0 1 9 38 79 262 18/09/2021
2022 254.17 0 3 14 40 69 250 06/09/2022

It should be noted that Tables 3 and 5. The number of days
that received rainfall amounts at different intensities, that is,
days that received more than 20 mm per day, 10 mm/day, 5
mm/day, 2.5 mm/day, and 1 mm/day. The onset of rainfall
was determined by counting the number of days of the year
(doy) and converting it to the actual date in that specific year.

In Baringo County, the planting period is heavily influ-
enced by climatic conditions as well as specific varieties of
crop seeds. The region has two rainy seasons: April - May and
October - November. Therefore, land preparation usually
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occurs in February and March of every year. In some cases,
land preparation was prolonged to early April. Several factors
are involved in planting. One of the factors is the adequate
moisture in the soil after the first week of rainfall. The amount
of rainfall in an area determines its soil moisture content.
Most ASALs areas experience prolonged dry seasons as they
receive minimal rainfall. Therefore, farmers must wait for
more rain to determine the suitability of the soil moisture
content.
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Figure 3. Average maximum temperature for the study period.
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Growing degree days (GDD) have implications for crop
selection and variety choice. Farmers choose crop varieties
with specific temperature and precipitation requirements for
optimal growth and development. These varieties can then be
planted on dates that align with the temperature and water
conditions required for successful growth. From Figure 4, it is
evident that the months of April and May favour crop growth
which can be favourable for the development stage. Evapo-

transpiration is lower in June meaning plants will lose less
water. Hence, it may favour the flowering stage. In arid areas,
changes in evapotranspiration are determined by the availa-
bility of soil moisture. However, in wet regions, the change in
evapotranspiration is governed by energy availability [30].
Approximately 22% of sowings fail due to dry spells lasting at
least seven days after the initial two-day wet spell with less
than 10 mm of rainfall. Crop simulations show that sowing
just after the first wet spell with at least 1 mm of rainfall in
two consecutive days does not necessarily maximise yield
because of the high risk of long-lasting dry spells after mete-
orological onset [20].

The short rainy season does not provide a suitable planting
season for sorghum because most years have less accumulated
rainfall to meet sorghum production. The average mean was
226 mm, although some years had more than 300 mm which
could sustain sorghum production. 2006, 2015, 2019, and
2020, had 357.34mm, 378.55mm, 499.4mm, and 398.84mm
consecutively. However, this is unreliable.
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Figure 5. Summation of the rainfall in the long rainy season.
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Rainfall during the planting period is crucial for sorghum
because it determines the germination, root establishment, and
early growth of the crop. Insufficient rainfall during this pe-
riod can lead to poor germination, stunted growth, reduced
tillering, and an overall low yield potential. There is variabil-
ity in the planting window in Baringo County, which falls far
below and above the mean of 4" April for the long rainfall
season and 24" September for the short rainfall season. Late
onset was also noted in some years; for instance, in 1993 and
2009, the onset was on 4™ & 11" May, the sum 267.68 mm
and 243.22 mm consecutively which was not enough to sus-
tain the crop for the growth season.

The provision of water to plants is greatly influenced by
the commencement, duration, distribution, and conclusion of
the rainy season, which can also serve as an indirect indi-
cator of climatic suitability for crops and their likelihood of
success or failure in a particular season. This study agrees
with Kumi et al. (2023) in that the onset date has an influ-
ence on crop establishment and development. Determining
the first planting date from climatic data is a crucial step in
optimising crop production and ensuring agricultural sus-
tainability. This allows farmers to make informed decisions
about when to plant their crops. Farmers should be patient
until 2.5 mm a day of rainfall is attained before commencing
planting sorghum. However, for some cereals, such as maize,
a threshold of 3.0 mm/day should be attained before com-
mencing planting.

As an ASAL region, sorghum cultivation in Baringo relies
heavily on adequate rainfall due to the sensitivity of the crop
to moisture levels [8]. Evidence from the literature has indi-
cated that the crop can do well with rainfall amounts ranging
between 300 and 550 mm during the entire period of growth.
Therefore, areas which receive less rainfall require alternative
sources of water, such as irrigation.

4. Conclusion and Recommendation

Based on this study, it is evident that the most suitable time
for planting is in late March and early April. These months
experience the onset of rain, which helps provide sufficient
moisture for successful sorghum cultivation. Based on ob-
servations, the crop’s growth and development are intricately
pegged to the availability of rain, which provides the moisture
needed. Evidence from the literature has indicated that the
crop can do well with rainfall amounts ranging between 300
and 550 mm for the entire period of growth. Therefore, areas
which receive less rainfall require alternative sources of water
for supplementary irrigation.

The analysis concluded that there was a variation in the
onset of rainfall and seasonal summation. This shows that
sorghum can do well during long rainfall periods, but im-
proved varieties that require less water and have shorter
growth seasons should be considered. The traditional
method for determining onset dates was also shown to be
unreliable in the Baringo region. Further studies are needed
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to evaluate the stability of different traits like drought- and
heat-tolerant across multiple years and locations which im-
plies that a long-term approach to studying the effects of
planting date on sorghum yield could provide valuable in-
sights for optimising planting schedules in other regions.
Understanding the trigger points for sorghum planting is
crucial for farmers and policymakers alike because it can
contribute to informed decision-making in agricultural
planning, resource allocation, and sustainable crop man-
agement practices.

Abbreviations

ASAL: Arid and Semi-Arid Land ASAL
CDD: Consecutive dry days

CV: The coefficient of variation

DOY: Day of the year

GDD: Growing Degree Days

IMD: Indian Meteorological Department
TAW: Total available soil water

Acknowledgments

This research paper is part of the PhD thesis for the lead
author at Egerton University, Kenya. Appreciation to the
AfDB / MoEST scholarship for the research funding.

Conflicts of Interest

The authors declare no conflicts of interests.

References
[1] L.Huggi, H.S. Shivaramu, M. H. Manjunataha, D. V. Soumya,
P. V. Kumar, and M. M. Lunagaria, ‘Agro-climatic onset of
cropping season: A tool for determining optimum date of
sowing in dry zones of southern Karnataka’, J. Agrometeorol.,
vol. 22, no. 3, pp. 240-249, Nov. 2021,

https://doi.org/10.54386/jam. v22i3.185

[2] Y. Assefa, S. A. Staggenborg, and V. P. V. Prasad, ‘Grain Sor-
ghum Water Requirement and Responses to Drought Stress: A
Review’, Crop Manag., vol. 9, no. 1, pp. 1-11, Nov. 2010,

https://doi.org/10.1094/CM-2010-1109-01RV

[3] F. M. Akinseye, S. O. Agele, P. C. S. Traore, M. Adam, and A.
M. Whitbread, ‘Evaluation of the onset and length of growing
season to define planting date— “a case study for Mali (West
Africa)”, Springer, Apr. 2015,
https://doi.org/10.1007/s00704-015-1460-8

[4] P. A. Omondi et al., ‘Changes in temperature and precipitation
extremes over the Greater Horn of Africa region from 1961 to
2010’, Int. J. Climatol., vol. 34, pp. 1262-1277, 2014,

https://doi.org/10.1002/joc.3763
(5]

L. de MoraisCardoso, Soraia Silva Pinheiro, Hé&cia Stampini

72

(6]

[7]

(8]

(9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Duarte Martino, and Helena Maria Pinheiro-Sant’Ana, ‘Sor-
ghum (sorghum bicolor I.): Nutrients, Bioactive Compounds,
and Potential Impact on Human Health’, Crit. Rev. Food Sci.
Nutr., vol. 57, no. 2, pp. 372-390, Jan. 2017,
https://doi.org/10.1080/10408398.2014.887057

J. A. Dille, P. W. Stahlman, C. R. Thompson, B. W. Bean, N.
Soltani, and eter H. Sikkema, ‘Potential yield loss in grain
sorghum with weed interference in the USA’, Weed Technol.,
vol. 34, no. 4, pp. 1-17, Jan. 2020,
https://doi.org/10.1017/wet.2020.12

A. J. P. Carcedo, E. Cejas, and B. L. Gambin, ‘Adapting sor-
ghum sowing date and genotype maturity to seasonal rainfall
variation in a temperate region’, Silico Plants, vol. 3, no. 1, Feb.
2021, https://doi.org/10.1093/insilicoplants/diab007

K. Hariprasanna, R. Madhusudhana, P. Rajendrakumar, and J.
V. Patil, Sorghum Molecular Breeding. Springer, 2015.
[Online]. Available:
https://doi.org/10.1007/978-81-322-2422-8

K. B. Abreha et al., ‘Sorghum in dryland: morphological,
physiological, and molecular responses of sorghum under
drought stress’, vol. 255, no. 1, Dec. 2021,
https://doi.org/10.1007/s00425-021-03799-7

S. M. Njinju, J. O. Gweyi, and R. N. Mayoli,
‘Drought-Resilient Climate Smart Sorghum Varieties for Food

and Industrial Use in Marginal Frontier Areas of Kenya’, Apr.
2022, https://doi.org/10.1007/978-3-030-93262-6_3

K. Amare, H. Zeleke, and G. Bultosa, “Variability for Yield,
Yield Related Traits and Association among Traits of Sorghum
(Sorghum Bicolor (L.) Moench) Varieties in Wollo, Ethiopia’,
J. Plant Breed. Crop Sci., vol. 7, no. 5, pp. 125-133, May 2015,
https://doi.org/10.5897/JPBCS2014.0469

G. K. S. Ananda, H. Myrans, S. L. Norton, R. Gleadow, A.
Furtado, and R. J. Henry, “Wild Sorghum as a Promising Re-
source for Crop Improvement’, Front. Plant Sci., vol. 11, Jul.
2020, https://doi.org/10.3389/fpls.2020.01108

R. M. Ogeto, E. K. Cheruiyot, P. M. Mshenga, and C. N.
Onyari, ‘Sorghum production for food security: A sO-
cio-economic analysis of sorghum production in Nakuru
County, Kenya’, Econ. Agric. Food Sci., Dec. 2013.

P. A. Onono, N. W. H. Wawire, and C. Ombuki, ‘The response
of maize production in Kenya to economic incentives’, Int. J.
Dev. Sustain., vol. 2, no. 2, pp. 530-543, 2013.

Patrick Benoit, ‘THE START OF THE GROWING SEASON
IN NORTHERN NIGERIA’, Agric. Meteorol., vol. 18, pp. 91—
99, Jan. 1977, https://doi.org/10.1016/0002-1571(77)90042-5

J. M. Kowal and D. T. Knabe, ‘An Agro Climatological Atlas
of the Northern States of Nigeria’, Ahmadu Bello Univ. Press
Zaria, 1972.

A. F. Olatunde and J. O. Love, ‘Recent Changes in Onset and
Cessation Dates of Rainfall and their Effects on Farming Ac-
tivities in Sub-Urban Areas of Lokoja’, Int. J. Soc. Sci., vol. 12,
no. 2, Jun. 2018.


http://www.sciencepg.com/journal/ajaf

American Journal of Agriculture and Forestry

http://www.sciencepg.com/journal/ajaf

(18]

[19]

[20]

[21]

[22]

(23]

[24]

M. Gudoshava et al., ‘Projected effects of 1.5°C and 2 <TC global
warming levels on the intra-seasonal rainfall characteristics over

the Greater Horn of Africa’, Environ. Res. Lett., vol. 15, no. 3,
Mar. 2020, https://doi.org/10.1088/1748-9326/ab6b33

Z.T. Segele and P. J. Lamb, ‘Characterization and variability of
Kiremt rainy season over Ethiopia’, Meteorol. Atmospheric
Phys., vol. 89, no. 1, pp. 153-180, Jun. 2005,
https://doi.org/10.1007/s00703-005-0127-x

R. Marteau, Benjamin Sultan, Vincent Moron, Agali Alhassane,
Christian Baron, and Seydou B. Traoré, ‘The onset of the rainy
season and farmers’ sowing strategy for pearl millet cultivation
in Southwest Niger’, Agric. For. Meteorol., vol. 151, no. 10, pp.
1356-1369, Oct. 2011,
https://doi.org/10.1016/j.agrformet.2011.05.018

D. Raes, A. Sithole, A. Makarau, and J. Milford, ‘Evaluation of
first planting dates recommended by criteria currently used in
Zimbabwe’, Elsevier, vol. 125, pp. 177-185, 2004,
https://doi.org/10.1016/j.agrformet.2004.05.001

K. Harfenmeister, S. ltzerott, C. Weltzien, and D. Spengler,
‘Agricultural Monitoring Using Polarimetric Decomposition
Parameters of Sentinel-1 Data’, Remote Sens., vol. 13, no. 4,
Feb. 2021, https://doi.org/10.3390/rs13040575

C. Zhang et al., ‘Effects of irrigation quantity and biochar on
soil physical properties, growth characteristics, yield and
quality of greenhouse tomato’, Agric. Water Manag., vol. 241,
p. 106263, Nov. 2020,
https://doi.org/10.1016/j.agwat.2020.106263

J. Yu, D. A. Hennessy, J. Tack, and F. Wu, ‘Climate change will
increase aflatoxin presence in US Corn’, Environ. Res. Lett., vol.
17, no. 5, Apr. 2022, https://doi.org/10.1088/1748-9326/ac6435

73

[25]

[26]

[27]

[28]

[29]

(30]

(31]

W. G. Sombroek, H. M. H. Braun, and B. J. A. van der Pouw,
‘Exploratory Soil Map and Agro-Climatic Zone Map of Kenya,
1980. Scale: 1:1,000,000. Exploratory Soil Survey Report No.
E1. Kenya Soil Survey Ministry of Agriculture, National Ag-
ricultural Laboratories, Nairobi., 1982.

H. Mugiyo, T. Mhizha, Vimbayi. G. P. Chimonyo, and T.
Mabhaudhi, ‘Investigation of the optimum planting dates for
maize varieties using a hybrid approach: A case of Hwedza,
Zimbabwe’, Heliyon, vol. 7, no. 2, p. ¢06109, Feb. 2021,
https://doi.org/10.1016/j.heliyon.2021. e06109

N. Singh and A. Ranade, ‘Determination of Onset and With-
drawal Dates of Summer Monsoon across India using
NCEP/NCAR Re-analysis’, Indian Inst. Trop. Meteorol., Jan.
2010, https://doi.org/10.13140/RG.2.1.2059.5367

S. K. Dash, M. A. Kulkarni, U. C. Mohanty, and K. Prasad,
‘Changes in the characteristics of rain events in India’, Clim.
Dyn., vol. 114, no. 10, May 2009,
https://doi.org/10.1029/2008JD01057

W. Mupangwa, S. Walker, and S. Twomlow, ‘Start, end and dry
spells of the growing season in semi-arid southern Zimbabwe’,
J. Arid Environ,, vol. 75, no. 11, pp. 1097-1104, Nov. 2011,
https://doi.org/10.1016/j.jaridenv.2011.05.011

L. Yang, Guoqing Sun, Lu Zhi, and Jianjun Zhao, ‘Negative
soil moisture-precipitation feedback in dry and wet regions’,
Sci. Rep., vol. 8, no. 4026, Mar. 2018,
https://doi.org/10.1038/s41598-018-22394-7

N. Kumi, Tolulope E. Adeliyi, Vincent A. Asante, Babatunde J.
Abiodun, and Benjamin L. Lamptey, ‘Impact of rainfall onset
date on crops yield in Ghana’, Front. Sustain. Food Syst., vol. 7,
May 2023, https://doi.org/10.3389/fsufs.2023.1176385


http://www.sciencepg.com/journal/ajaf

