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Maize is a staple crop in South Africa and is mainly grown under rain-fed conditions. Rain-fed agricultural
production is heavily reliant on rainfall during the planting season. Information on rainy season characteristics
is of utmostimportance as it guides farmers in preparing for the upcoming season. The study investigated rainy
season characteristics for the Luvuvhu River Catchment with reference to rain-fed maize production. Historical
daily rainfall data were obtained from 12 weather stations for the period 1923-2015. Instant+ statistical
software was used to compute onset, false onset, cessation and length of the rainy season. The trends in rainy
season characteristics were analysed using the Spearman rank correlation test. Onset of the rainy season can
be expected from the first week of October to the third week of January, while cessation can be expected from
the first week of February to the first week of May. The length of the rainy season ranged from 67 to 203 days.
Seasonal rainfall ranged from 182 to 1 535 mm. Phafuri, Sigonde, Phunda Maria and Folovhodwe had a higher
probability of false onset. No significant changes in rainy season characteristics at a 5% level of significance
were observed. There was a strong correlation between onset and length of the rainy season. Based on
rainfall patterns only, Phafuri, Sigonde and Folovhodwe might not be suitable for maize production under the
current climate. The most favourable sites for maize production within the catchment are Entabeni, Levubu,
Lwamondo, Thathe, Tshiombo and Vreemedeling. The findings of this study have implications on agricultural
activities and food security as maize is a staple crop in the Luvuvhu River catchment area. Information on rainy
season characteristics may therefore help in strengthening food security.

INTRODUCTION

Globally, food production is highly dependent on rain-fed agriculture and produces more than 60%
of the world’s cereal grains (Molden et al., 2011). Rain-fed agriculture is practised in about 80% of the
cultivated lands (Bhattacharya, 2019). According to Asseng and Pannell, (2013) rainfall variability is
the primary source of variability in grain yields. A study by Pachauri et al. (2014) revealed that there
have been changes in seasonal rainfall patterns, which include onset, duration of rains, frequency of
dry spells, rainfall intensity and delays in the onset of rainfall in southern Africa. Regardless of the
increase in fertilizer use and improved agricultural technologies, climate still plays a significant role in
agricultural production. Even though different climatic variables interact with the crop, rainfall pattern
and amount of rainfall are the most critical factors that affect agriculture (Nkuna and Odiyo, 2016;
Stern and Coe, 1984) and more so for the semi-arid catchments. Successful maize production depends
on adequate rainfall since the amount of rainfall received determines the type of agriculture that can
be practised and the type of crops grown in any region (Hassan and Stern, 1988; Stern et al., 1982).
Other factors influencing the choice of crops grown in any area include economic and social factors
such as cultural practices and traditions.

The rainy season is defined as the period when a significant amount of rainfall occurs and can vary
from place to place (Smith et al., 2008). The rainy season characteristics that are important to maize
production are onset, cessation, length of the growing season, rainfall amount and dry spells, thus
influencing the choice of the cultivars (Hassan and Stern, 1988; Tadross et al., 2007). Delayed onset
extends the growing period of summer crops into the winter season (Mubvuma, 2013), leading to
crop failure and reduced yield (Gbangou et al., 2019). Planting after a false early onset may result in
crop failure, which leads to expensive re-planting (Ayoade, 2004; Dunning et al., 2016). Information
regarding the rainy season’s onset can help farmers plan agricultural activities such as preparation of
land, seeds, labour and equipment (Omotosho et al., 2000). Another important feature of the rainy
season is the end of the season; if the end of the season occurs early, the crops might experience low
cob development resulting in a poor harvest (Stern and Coe, 1984).

Information on cessation of the rainy season also helps to assess the possible length of the rain-fed
cropping season and provides information on optimal harvesting and storage of crops (Hachigonta
et al., 2008). Heavy rainfall at the end of the season can cause crops to spoil or prevent ripening and
harvesting (Stern and Coe, 1984). Yield may be significantly affected by late-onset or early cessation of the
season and damaging dry spells during the season (Ati et al., 2002; Mugalavai et al., 2008). If farmers are
provided with information on the seasonal distribution of rainfall, they can choose to plant either more
drought-tolerant crops or longer maturing varieties (Tadross et al., 2005), and such strategic planning
is important in semi-arid areas. Farmers rely on seasonal forecasts to plan for the upcoming season.
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However, seasonal forecasts do not include information on rainy
season characteristics, which are important to farmers.

Maize is the largest locally produced crop (Ambrosino et al.,
2014) and is the primary staple food in South Africa, accounting
for around 70% of caloric human intake (Akpalu et al., 2008;
Martin et al., 2000). Maize is grown extensively under rain-fed
conditions in the Southern African Development Community
(SADC) region, including South Africa (Durand, 2006). The main
objective of this study was to investigate the temporal variability
of rainy season characteristics (onset, cessation, length of the
rainy season and seasonal rainfall) of selected locations in the
Luvhuvhu River catchment area in the context of its suitability for
rain-fed maize production.

MATERIALS AND METHODS
Study area

The study was conducted at selected areas within the Luvuvhu
River catchment. The Luvuvhu River catchment is located
in the north-eastern region of South Africa in the Limpopo
Province, between longitudes 29° 49’ 46.16” and 31° 23’ 32.02 “E
and latitudes 22° 177 33.57” and 23° 17’ 57.31” S (Fig. 1). The
catchment forms part of the Luvuvhu/Letaba Water Management
area. The climate varies spatially and temporally and is classified
as humid subtropical according to the Koppen-Geiger climate
classification (Conradie, 2012). The catchment experiences
wet summers from October to April (Singo et al., 2012) and
receives peak rainfall in January and February (ARC, 2015). The
topography influences rainfall in the catchment, with high rainfall
and low evapotranspiration occurring over the Soutpansberg
mountain range and lowest rainfall and high evapotranspiration
in the arid areas along the east of the catchment adjacent to
the Kruger National Park (Jewitt et al., 2004). The catchment
receives rainfall of about 450 mm per annum in the low-lying
areas (north and eastern parts) and 2 300 mm at Entabeni in the
Soutpansberg mountains (south-western and north-western parts)
(DWAE, 2004) (Fig. 2). The mean annual precipitation is 608 mm,
while the mean annual air temperatures are 17°C in mountainous
areas and 24°C near the Kruger National Park (Singo et al., 2012).
The altitude of the catchment ranges from 200 m in the low-lying
areas to 2 000 m in the mountainous areas (Odiyo et al., 2015).
Vegetables, citrus and various subtropical fruits such as bananas,
mangoes, avocadoes and nuts are grown and contribute to the
economy (Masupha et al., 2016). More than 50% of the land in the
catchment is used for subsistence farming (Jewitt et al., 2004), with
farmers engaging in crop and livestock production as well as other
activities, mainly for their own consumption.

Rainfall data

Daily historical rainfall data from 12 weather stations for
the period from 1923/24 to 2014/15 were obtained from the
Agricultural Research Council (ARC) databank. Only stations
with data for a period of more than 25 years and little missing data
were utilized in the study. Missing data were filled using the ARC
patching program that utilizes the inverse distance weighting
method (Moeletsi et al., 2016). The stations used in the study
are shown in Table 1 and Fig. 1. They were spatially distributed
across the catchment and were representative of different climatic
conditions within the catchment.

Determination of rainy season characteristics

The onset of the rainfall season was determined based on a study
conducted by Tadross et al. (2007), which defined onset as the first
day after 1 October when the rainfall accumulated in 10 days is at
least 25 mm (Tadross et al., 2007). Not all farmers plant after the
first rainfall for several reasons, such as unavailability of tractors,
workforce and inputs (Masupha et al., 2016), and oversaturated soil
makes it difficult for tractor ploughing. Therefore, 3 onset dates
were generated for each station. The second and third onset dates
were calculated 7 days after the previous onset. The definition used
to define the onset was for farmers; hence, no criteria for false onset
were introduced to account for false onset. Ati et al. (2002) and
Ambrosino et al. (2014) argued that the criteria for avoiding false
onset, such as that used by Reason et al. (2005), Mupangwa et al.
(2011), Moeletsi and Walker (2012), Tongwane and Moeletsi (2015)
and Masupha et al. (2016). are useful for retrospective analysis only
and of no use to farmers. Farmers plant after the first significant
rainfall irrespective of what might occur in the following days.

The risk of the first onset date being a false onset was calculated by
introducing a further criterion. Thus, to account for false onset, onset
was defined as the first day after which 25 mm or more of rainfall
accumulates in 10 days and when in the following 20 days, 20 mm of
rainfall is accumulated (Tadross et al., 2007). Results obtained using
the two definitions were then compared. This study assumed that
planting would have failed if, in the following 20 days, the amount
of rainfall was less than 20 mm for that year. For example, if results
generated by the two definitions were different, then planting would
have failed in that particular year. The percentage of failure was
determined for all stations within the catchment.

Cessation was defined as 3 consecutive dekads (10-day periods)
of less than 20 mm, each occurring after 1 February, following the
exact definition by Tadross et al. (2007). The length of the rainy
season was calculated by subtracting the first onset date from the
cessation date.

Table 1. Geographical information for the twelve weather stations used in the study

Station Latitude (°E)  Longitude (°S)  Elevation (m) Dataperiod Average annual rainfall (mm)
Elim -23.17 30.05 808 1945-2004 732
Entabeni -23.00 30.27 1376 1923-2012 1735
Folovhodwe —22.53 30.48 610 1954-2004 356
Levubu -23.04 30.15 877 1986-2015 1356
Lwamondo -23.04 30.37 650 1978-2015 865
Mampakuil -23.17 29.00 945 1945-2004 497
Phafuri -22.42 31.22 201 1970-2004 464
Phunda Maria -22.68 31.02 462 1945-2004 526
Sigonde —22.40 30.71 416 1983-2015 421
Thathe —22.88 30.32 1250 1963-2004 1172
Tshiombo —22.80 30.48 650 1983-2009 986
Vreemedeling -22.96 30.01 1421 1945-2004 801
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Figure 1. Map of the study area showing the location of the weather stations
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Figure 2. Annual rainfall for the Luvuvhu River catchment

Statistical analysis

Instat* V 3.36 (Statistical Services Centre, University of Reading,
UK) was used to analyse daily rainfall data for onset, cessation
and length of the rainy season, and false onset. Years in which the
onset of rains occurred after 31 January were regarded as years
in which rainfall did not meet the onset criterion; therefore, they
were not included in further statistical analysis. Probabilities of
exceedance and non-exceedance for rainy season characteristics
were estimated using the STATISTICA (System GVP, Italy)
statistical software. Non-exceedance probability represented the
onset and the length of the rainy season, while the rainy season’s
cessation was represented by exceeding probability. Probabilities
were determined at 20, 50 and 80%. For onset, probabilities of non-
exceedance at 20, 50 and 80% indicated early, normal and late onset.
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For cessation, 80, 50 and 20% probability of exceedance indicated
early, normal and late cessation of the rainy season. Spearman
rank correlation coefficient test was conducted to detect trends
in rainy season characteristics over the years. The Spearman rank
correlation coeflicient is a non-parametric test used for evaluating
the relationship between two independent variables (Gautheir,
2001). The Spearman rank was used because it is a non-parametric
technique unaffected by the distribution of the data. The Spearman
rank correlation was calculated using the following equation:

6>d’

r.=1- !

3
* n-n

(1)

where d, is the difference between ranks for each x,, y; data pair,
and n is the number of data pairs. The value of r, can be any
value between —1 and 1 (Puth et al., 2015). When the value of r,
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is equal to 1, the data pairs have a perfect positive correlation
(d; = 0), and when it is —1, there is a perfect negative correlation
(Gautheir, 2001). A negative value indicates a decreasing trend
and a positive value an increasing trend. For this study r, values
will be interpreted as follows:

o 0.0t0 0.2 very weak
o 0.2t00.4 weak

o 0.4 to 0.6 moderate

e 0.4to00.8strong

e 0.9to 1.0 very strong

RESULTS AND DISCUSSION
Onset of the rainy season

Table 2 presents 3 generated onset dates. The first onset can be
expected from the first week of October to the second week of
December. At 50% probability of non-exceedance, onset can be
expected to occur from the second week of October to the second
week of November (Table 2). At 80% probability of non-exceedance,
the first onset can be expected from the last week of October to
the second week of December. Farmers might decide not to plant
following the first onset due to several reasons: unavailability of
tractors, shortage of seeds, high soil moisture, and variation. The
second onset can be expected from the third week of October to
the last week of December. At 20% probability of non-exceedance,
the second onset occurs from the third week of October to
the second week of November. At 50% probability of non-
exceedance, the second rains for the season can be expected from
the last week of October to the first week of December (Table 2).
The third onset can be expected in the last week of October through
to the third week of December. In 1 out of 5 years, the third onset
can be expected from the last week of October to the first week of
December at the catchment. In 1 out of 2 years, the third onset can
be expected from the second week of November to the last week of
December. In 4 out of 5 years, the third onset can be expected from
the last week of December to the second week of January.

The rainy season starts early at Entabeni, Thathe, Levubu and
Lwamondo, and later at Sigonde, Folovhodwe and Phafuri.
Entabeni, Levubu and Lwamondo and Tshiombo receive more
than 700 mm of rainfall annually, while Sigonde, Folovhodwe,
Phunda Maria and Phafuri receive less than 500 mm annually
(Table 1). Early onset was observed in wet areas and late onset
in arid rainfall areas. These results corroborate those of Aviad et
al. (2004), Mupangwa et al. (2011) and Byakatonda et al. (2020),
which revealed that the onset of the rainy season commences later
as aridity increases. Onset varied by nearly a month between wet
and dry regions of the catchment, demonstrating farmers in wet

areas plant maize a month earlier than farmers in arid areas of the
catchment.

A study by Moeletsi and Walker (2012) revealed that dates
corresponding to 20% probability of non-exceedance have a high
probability of onset failure and maize being planted. Thus farmers
are advised not to plant on dates corresponding to 20% probability
of non-exceedance. Raes et al. (2004) stated that planting later in
the season on dates corresponding to 80% probability of non-
exceedance reduced crop failure risk, but early maturing varieties
are recommended as planting later in the season shortens the
maturing period. Farmers who intend to sell their maize for high
profit can plant early on dates corresponding to 20% probability of
non-exceedance, provided they have alternative sources of water
such as rainwater harvesting technologies and irrigation systems.
Farmers sell maize at high prices before it is more readily available
(Raes et al., 2004). A study by Masupha et al. (2016) investigating
the probabilities of dry spells indicated that when planting is
done after the second and third onset, there is a low probability
of medium-dry spells in the Luvuvhu River catchment. Therefore,
planting following the second onset of rains is advised.

The first onset should be used for planning purposes, gathering
tools, seeds and workforce. Table 3 shows the number of years
with false onset for the years analysed. Levubu had 0% risk of
false onset occurrence; therefore, maize planted at Levubu is less
prone to shortages of soil water at any planting date after significant
rains (Table 3). Phafuri had the highest number of years with false
onset, while Entabeni had relatively low chances (4%). At Phafuri,
planting failed in 18 out of 34 years (Table 3). Therefore, the risk
of false onset is estimated to be 55%, and the area has a high risk
of crop failure when planting after the first onset. For other years
in which planting would have failed, farmers had to wait between
33 and 71 days for successful planting. At Sigonde, Lwamondo
and Tshiombo, farmers had to wait 29 to 64 days before successful
planting, suggesting high vulnerability in these areas. If farmers
had planted in those years with false onset, it would have resulted in
total crop failure and necessitated expensive re-planting. Therefore,
farmers at Phafuri and Sigonde are advised not to plant after the
first onset, as there is a high risk of crop failure. However, if farmers
in these areas wish to plant after the first onset, they should explore
other options such as rainwater harvesting so that the crop has
sufficient water during dry spells. The number of years with false
onset increases as one moves from stations situated in high rainfall
areas to arid areas. There were no significant changes in all onset
dates across the catchment at 5% level of significance (Table 4).
At the 10% level of significance, there was a significant increasing
trend at Phafuri (r, = 0.34) for the third onset, indicating that the
onset of rains has shifted forward by a few days for this area.

Table 2. Early (20%) probability of non-exceedance, normal (50%), and late (80%) onset dates for 12 meteorological stations within the Luvuvhu

River catchment

First onset Second onset Third onset
Stations Early Normal Late STD (days) Early Normal Late STD (days) Early Normal Late STD (days)
Elim 11/10 19/1 09/12 16 29/10 15/11 01/12 16 13/1 02/12  15/12 12
Entabeni 06/10 13/10 22/10 n 18/10 30/10 12/1 12 03/11 13/1 26/11 n
Folovhodwe 18/11 11/1 09/12 21 08/11 05/12 28/12 16 01/12 28/12 18/01 13
Levubu 06/10  13/10 24/10 1 19/10  28/10  14/1 1 31/10 11/ 27/1 10
Lwamondo 06/10 19/10 09/11 18 19/10 11/1 28/11 16 31/10 22/11 12/12 15
Mampakuil 16/10 03/11 21/1 16 06/11 24/1 14/12 14 24/1 10/12 28/12 12
Phafuri 13/10 04/11 08/12 21 12/1 03/12 01/01 18 29/11 25/12 17/01 13
Phunda Maria  19/10 03/11 25/1 16 11/1 24/11 18/12 12 28/11 20/12 15/01 14
Sigonde 20/11 14/11 07/12 18 07/1 03/12  08/12 17 28/11 13/12  16/01 13
Thathe 08/10  15/10 30/10 17 20/10  04/1 16/11 14 02/11 15/1 03/01 14
Tshiombo 12/10 24/10 04/11 15 16/10 11/1 25/1 14 13/11 27/1 19/12 n
Vreemedeling  12/10 21/10 09/11 13 03/1 17/11 02/12 13 18/11 03/12 19/12 12
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Table 3. Number of years with false onset at stations within the Luvuvhu River catchment

Stations No. of years with false onset No. of years analysed Percentage (%)
Entabeni 4 90 4
Levubu 0 34 0
Lwamondo 9 38 23
Tshiombo 7 27 26
Phafuri 18 34 55
Sigonde 10 32 31
Mampakuil 15 59 25
Elim 16 59 27
Thathe 5 40 13
Phunda Maria 20 59 34
Folovhodwe 19 59 32
Vreemedeling 20 59 28

Table 4. Spearman rank correlation coefficient test results for first, second and third onsets within the Luvuvhu River catchment

Stations First onset Second onset Third onset
Spearman rank t-stat p-value r, t-stat p-value r, t-stat p-value r,
Elim -0.64 0.52 —0.08 -1.03 0.30 -0.13 0.05 0.95 0.00
Entabeni 0.25 0.79 0.02 1.07 0.28 0.m 0.75 0.45 0.08
Folovhodwe -1.4 1.60 -0.18 —-0.69 0.49 -0.10 0.40 0.68 0.07
Levubu 1.12 0.26 0.19 0.95 0.34 0.16 -0.08 0.93 -0.01
Lwamondo 117 0.24 0.19 1.22 0.22 0.20 1.09 0.28 0.18
Mampakuil -0.13 0.89 0.01 0.55 0.57 0.07 117 0.24 0.16
Phafuri -0.20 0.84 -0.03 0.96 0.34 0.18 177 0.08 0.34%*
Phunda Maria -1.7 0.08 -0.23 0.05 0.95 0.00 0.56 0.57 0.08
Sigonde —-0.88 0.38 -0.16 -1.08 0.28 -0.29 -0.05 0.95 -0.01
Thathe 113 0.26 0.18 0.23 0.81 0.03 0.93 0.35 0.15
Tshiombo 0.59 0.55 0.1 1.00 0.32 0.19 0.30 0.76 0.06
Vreemedeling —-0.59 0.55 -0.07 -0.18 0.85 —0.02 -0.12 0.90 -0.01

*significant at 5%, **significant at 10%

Cessation of the rainy season

Cessation dates at 80, 50 and 20% probability of non-exceedance
are presented in Table 5. Cessation of the rainy season can be
expected from the first week of February to the first week of May,
depending on the location in the catchment (Table 5). At the 80%
level of probability of exceedance, cessation of the rainy season
can be expected after the first week of February at Folovhodwe,
Phafuri, Phunda Maria, Mampakuil and Sigonde. According to
Moeletsi and Walker (2012), early cessation can subject maize
to a high risk of water stress. If a 120-day maize cultivar was
planted in November it would not have reached maturity by the
first week of February, indicating that in 4 out of 5 years maize
will not reach maturity if late maturing varieties are planted. Late
cessation (20™ percentile) is likely to occur after the last week of
February at Folovhodwe and the first week of May at Entabeni and
Levubu. At 80, 50 and 20% probability of exceedance, cessation of
the season is delayed by between 20 and 50 days when comparing
dry and wet areas of the catchment, as wet areas of the catchment
receive the last rains of the season later than the dry areas. The
Spearman rank correlation coefficient test at the 5 and 10% level
of significance revealed no significant trend in cessation dates at
any stations except Entabeni and Tshiombo (Table 6). Although
not significant, a weak decreasing trend (r,= —0.24) is evident at
Entabeni, indicating that over the years the rainy season has been
ending earlier by a few days, thereby shortening its length. An
increasing trend (r, = 0.36) is notable at Tshiombo, indicating that
the rainy season has been ending later over the years (Table 6).

Length of the rainy season

At 20, 50 and 80% probability of non-exceedance, the rainy
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season length ranges from 67 days at Folovhodwe to 203 days
at Entabeni (Table 7). In 1 out of 5 years, the length of the rainy
season will range from 67 days at Folovhodwe to 149 days at
Entabeni. Maize generally requires an average rainy season
of 120 days from planting until harvesting, depending on the
cultivar (Hachigonta et al., 2008). The rainy season lasted less
than 120 days at 20 and 50% probability of non-exceedance in 5
out of the 12 stations. Only short-term maturing varieties can be
planted in these areas. Medium and late maturing maize should
not be planted as the crop will suffer from a shortage of water
due to the early cessation of rains. Maize should only be planted
in these areas if there is an alternative source of water. Wet areas
of the catchment experience a longer growing season than the
dry areas. At, Levubu, Entabeni and Thathe, farmers can plant
from early to late maturating varieties, depending on the date
of planting, while farmers at Folovhodwe, Phafuri, Mampakuil
and Sigonde are advised to only plant early maturing varieties.
At Elim, Lwamondo, Tshiombo and Vreemedeling, farmers can
plant very early-, medium- and late-maturing maize varieties,
depending on the date of planting and yield expectations. At
Folovhodwe, Phafuri, Phunda Maria and Sigonde, the rainy
season length differs by more than 70 days when compared to
Entabeni, which has a long rainy season. The length of the rainy
season in the catchment deviates by more than 25 days at all
stations, indicating high variability. The relationship between
time and duration of the rainy season was not significant at all
stations except for Entabeni, Phunda Maria and Thathe (Table 8).
At Thathe and Entabeni a weak decreasing trend is notable over
the years (Table 8). This implies that instead of planting long-
maturing varieties, farmers might have to shift to early- and
medium-maturing maize varieties.
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Table 5. Early (80%) probability of exceedance, normal (50%) and
late (20%) cessation dates and standard deviation (STD) for 12
meteorological stations within the Luvuvhu River catchment

Table 6. Spearman rank correlation coefficient test results for the
cessation of the rainy season for the various stations within the
Luvuvhu River catchment

Station Early Normal Late STD (days) Station t-stat p-value r,
Entabeni 06/03 08/04 03/05 33 Elim 0.45 0.64 0.06
Levubu 26/02 01/04 02/05 31 Entabeni -2.34 0.02 —-0.24*
Lwamondo 11/02 16/03 15/04 28 Folovhodwe 0.25 0.79 0.03
Tshiombo 07/02 02/02 30/03 28 Levubu 1.40 0.16 0.24
Phafuri 01/02 18/02 07/03 20 Lwamondo 0.1 0.91 0.01
Sigonde 01/02 21/02 11/03 17 Mampakuil —-0.56 0.57 -0.07
Mampakuil 03/02 24/02 12/03 21 Phafuri —-0.44 0.65 -0.07
Elim 17/02 06/03 02/04 27 Phunda Maria 0.67 0.50 0.08
Thathe 28/02 23/03 16/04 29 Sigonde 0.51 0.60 0.09
Phunda Maria 01/02 20/02 16/03 22 Thathe 0.13 0.89 —-0.02
Folovhodwe 01/02 17/02 28/02 19 Tshiombo 1.95 0.06 0.36%*
Vreemedeling 20/02 11/03 07/04 26 Vreemedeling 0.87 0.38 0.11

Table 7. Short (20% probability of non-exceedance), normal (50%) and
long (80%) length of the rainy season and standard deviation (STD)

*significant at 5%; **significant at 10%

Table 8. Spearman rank correlation coefficient test results for the
duration of the rainy season

Stations Short Normal Long STD (days) Station t-stat p-value r,
Elim 112 135 169 34 Elim 10.16 0.24 0.15
Entabeni 149 177 203 35 Entabeni -2.20 0.02 —-0.22*
Folovhodwe 67 92 132 38 Folovhodwe 1.36 0.7 0.18
Levubu 133 163 200 32 Levubu 0.80 0.42 0.14
Lwamondo 114 146 175 37 Lwamondo -0.47 0.63 -0.07
Mampakuil 89 13 140 31 Mampakuil —-0.67 0.50 —-0.08
Phafuri 72 103 136 38 Phafuri —-0.06 0.94 —-0.00
Phunda Maria 82 108 143 26 Phunda Maria 1.82 0.07 0.23**
Sigonde 77 104 125 31 Sigonde 1.15 0.25 0.22
Thathe 127 153 186 38 Thathe -2.19 0.03 —-0.33*
Tshiombo 102 131 168 34 Tshiombo 0.78 0.13 0.15
Vreemedeling 114 139 169 32 Vreemedeling 0.90 0.37 0.11

Seasonal rainfall

Seasonal rainfall within the catchment ranges from 182 to 1 973
mm, depending on the location, and shows a high variability
both spatially and temporally (Table 9). In dry years, seasonal
rainfall ranges from 182 to 1 079 mm at Folovhodwe and
Entabeni, whilst in normal years it ranges from 268 to 1 476 mm.
When above-normal rainfall is received (80% probability of
non-exceedance), maize production should be maximized
by planting more areas using high-yielding cultivars. Only 5
out of 12 stations receive more than 500 mm of rainfall in dry
years, while the number increases to 7 in normal years. Maize
requires between 500 and 800 mm per season. For this reason,
planting rain-fed maize in these regions might be risky as water
requirements might not be met, and crop failure could occur.
Our results show high seasonal rainfall variability across all
stations within the catchment, with a standard deviation ranging
from 198 to 559 mm at Folovhodwe and Entabeni (Table 9).
Areas receiving less than 500 mm of rainfall can be planted with
other summer crops that require less water, such as sorghum,
millet, soybeans and beans. Farmers can then market those
crops and use the proceeds to purchase maize. Farmers who
decide to plant maize can practise rainwater harvesting as maize
is their only staple food. These options can help supplement
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*significant at 5%; **significant at 10%

water for maize production during dry periods. At the 5% level
of significance, there was no significant change in seasonal
rainfall over time for most stations, except Lwamondo, Levubu
and Entabeni (Table 10). At Levubu (r,= 0.37) and Lwamondo
(r, = 0.36), a weak increasing trend is evident. Therefore, more
water will be available for maize in these areas. For Entabeni,
there is a decreasing trend (r, = —0.21), meaning that seasonal
rainfall has been decreasing.

Multiple regression analysis between onset and cessation, onset
and length of the season, and onset and seasonal rainfall was
computed. Regression analysis revealed that the relationship
between onset and cessation of the rainy season was not significant
at the 5% level of significance for all stations (Table 11). There is
a strong significant relationship between the onset and length of
the rainy season at all stations except Levubu. Our study results
are consistent with those of Sivakumar (1988) and Mupangwa et
al. (2011), which showed a strong relationship between onset and
length of the rainy season, wherein early onset leads to a longer
season while delayed onset leads to a shorter season. Farmers are
advised to plant maize cultivars depending on the time of onset,
e.g., if the onset of the rainy season occurs earlier, farmers can
plant medium- to late-maturing varieties, and if onset is delayed,
they can plant very early maturing varieties.
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Table 9. Dry (20% probability of non-exceedance), normal (50%), wet
(80%), rainy seasonal rainfall (mm) and standard deviation (STD)

Table 10. Spearman rank correlation coefficient test results for the
seasonal rainfall

Station Dry Normal Wet Standard deviation Station t-stat p-value r,
Elim 406 600 876 284 Elim -0.45 0.65 -0.06
Entabeni 1079 1476 1973 559 Entabeni -2.09 0.03 -0.21*
Folovhodwe 182 268 514 198 Folovhodwe —0.98 0.33 -0.12
Levubu 787 1032 1535 489 Levubu 2.27 0.02 0.37*
Lwamondo 500 680 898 351 Lwamondo 2.32 0.02 0.36*
Mampakuil 279 439 592 198 Mampakuil -1.06 0.29 -0.13
Phafuri 270 369 661 229 Phafuri -0.50 0.62 —0.08
Phunda Maria 308 429 767 236 Phunda Maria 0.82 0.41 0.1
Sigonde 252 357 528 196 Sigonde 0.85 0.40 0.15
Thathe 662 950 1343 523 Thathe -1.77 0.08 —0.27**
Tshiombo 574 841 1150 422 Tshiombo 1.88 0.07 0.35%*
Vreemedeling 499 690 895 274 Vreemedeling -0.42 0.67 —-0.05

Table 11. Multiple regression analysis results

*significant at 5%, **significant at 10%

Stations Onset and cessation Onset and length of rainy season Onset and seasonal rainfall
R? p-value R? p-value R? p-value

Elim 0.01 0.4 0.41 0.00* 0.07 0.04*
Entabeni 0.00 0.90 0N 0.00* 0.01 0.31
Folovhodwe 0.06 0.06 0.75 0.00* 0.03 0.19
Levubu 0.01 0.52 0.06 0.15 0.12 0.43
Lwamondo 0.01 0.50 0.4 0.00* 0.03 0.28
Mampakuil 0.01 0.39 0.53 0.00* 0.00 0.87
Phafuri 0.07 0.12 0.75 0.00* 0.18 0.01*
Phunda Maria 0.05 0.04 0.62 0.00* 0.05 0.04*
Sigonde 0.00 0.79 0.68 0.00* 0.13 0.04*
Thathe 0.00 0.99 0.22 0.00* 0.00 0.77
Tshiombo 0.00 0.64 0.33 0.00* 0.02 0.42
Vreemedeling 0.00 0.30 0.33 1.07 0.00 0.24

*significant at 5%

CONCLUSION

This study investigated rainy season characteristics with reference
to maize production in the Luvuvhu River catchment for 1923-
2015. Rainy season characteristics of interest included onset, false
onset, cessation, length of the rainy season and seasonal rainfall.
The study revealed that rainy season characteristics vary spatially
across the catchment between dry and wet areas. The rainy season
starts early and ends late at stations situated in arid regions of
the catchment, leading to a long rainy season and high seasonal
rainfall amounts. Farmers in these areas can plant early, medium-
term and later maturing maize varieties. The rainy season starts
late and ends early in stations located in dry areas of the catchment.
Early and medium-late maturing varieties are encouraged for
these areas. Sigonde, Folovhodwe and Phunda Maria may not be
suitable for maize production under the current climate. Farmers
in these areas might have to switch to other summer crops which
require less water and can withstand long dry spells. Farmers who
still want to grow maize, as it a staple crop in the region, might
have to consider irrigation. Planting following the first onset is
discouraged due to the high probability of false onset. There were
no significant changes in rainy season characteristics for the years
analysed. The study revealed that rainy season characteristics
across the catchment varied, with stations situated in dry areas
characterized by late onset and early cessation, short seasons, and
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false onset and low seasonal rainfall. The findings of this study
have severe implications for food security in the Luvuvhu River
Catchment area as maize is a staple crop and grown under rain-fed
conditions. Information on rainy season characteristics can help
farmers in decision making and avoid crop failures and low yields.
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