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ABSTRACT

Early maturing crops that are drought-adapted together with mulch application have the
potential to stabilize and increase dryland crop yields in semi-arid regions of the world.
Agricultural systems models worldwide are increasingly being used to explore options and
solutions for food security. Agricultural Production Systems Simulator (APSIM) is one such
model that continues to be applied and adapted to meet this challenge. The APSIM model
was used to assess the impact of different mulch application rates on cowpea grown under
dry conditions in Vhembe district of South Africa.The objective of the study was to evaluate
soil water content, crop water use efficiency (WUE), grain yield and the dry matter response
of cowpea (Vigna unguiculata (L)) and validate the results using the model APSIM. Data taken
from the study under optimum growth conditions was used to parametize the ASPSIM model.
Soil water and fertility parameters measured were used for simulations while the same starting
conditions were assumed for unmeasured parameters for all trials. Field experiments were
conducted over two seasons (2016/17 and 2017/18). Treatments consisted of four levels of
mulch application (0, 2, 4 and 8 t/ha) arranged in a randomized complete block design (RCBD)
and replicated four times. The following parameters were measured: dry matter, grain yield,
water use efficiency and soil water content. The data collected was subjected to analysis of
variance using the randomised complete block design (RCBD) model and analyzed using the
Statisticsl Analysis Systems (SAS) version: 9.4 at P < 0.05 probability level. The perfomance
of APSIM model was evaluated using root mean square error (RMSE), coefficient of efficiency
(Ei), root mean square deviation (RMSD) and median unbiased absolute percentage error
(MdUAPE). There were no significant differences (p>0.05) in dry matter accumulation at
flowering stage and harvesting stage amongst seasons. The highest cowpea yields were
achieved at 8 t/ha muilch rate in both the 2016/17 and 2017/18 cropping seasons (11144.0
kg/ha and 9705.6 kg/ha) respectively. Mulch application rates had significant (p<0.05)
differences on grain yield in 2016/17 (2049 kg/ha <2232.5 kg/ha <3341 kg/ha <3631 kg/ha)
and 2017/18 (1291 kg/ha <1774 kg/ha< 2965 kg/ha <3594 kg/ha). The season effect of grain
yield was not significant. There were no significant differences in soil water content among
treatments as well as between seasons. There were no significant differences among the
treatments in terms of ET; however, there was a significant (p<0.05) difference between the
seasons. In both seasons, the 4 t/ha mulch application rate recorded the highest ET (139.17
mm and 125.83 mm in 2016/17 and 2017/18 seasons, respectively). The effect of treatments
in terms of water use efficiency was found to be significant (p<0.05), with the highest WUE
found to be at the 4 t/ha and 8 t/ha mulch application rate, with 4 t/ha being the highest (24
kg/ha/mm and 24 kg/ha/mm, in 2016/17 and 2017/18 seasons, respectively). R? for both
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seasons was 0.5 for yield and dry matter at harvest. RMSE for yield was found to be 0.3 in
both the 2016/17 and 2017/18 cropping seasons. E; was recorded at 0.9. RMSE for total dry
matter at harvesting stage was calculated to be 0.3 and the 0.4, during the 2016/17 and
2017/18 seasons, respectively. At flowering RMSE was found to be 0.2 for both seasons and
Eito be 0.9.

Key words: APSIM, cowpea, mulch, yield, water use efficiency,
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CHAPTER ONE

Introduction

1.1 Background information

Ninety-five percent of the current population growth occurs in developing countries and a large
proportion relies on rain-fed food production (Rockstrom et al., 2003). Fifty-eight percent of
the world’s food production comes from rain-fed agriculture (Rosegrant et al., 2002). Irrigation
development assistance from major international donors has been on the decline over the
years (IFPRI, 2011). Therefore, food production and rural livelihoods will continue to rely on
rain-fed agriculture in the foreseeable future. Cowpea (Vigna unguiculata (L) Walp) is a major
food crop in Africa and it plays a vital role in the diet of millions of people. Cowpea legume is
a multi-purpose legume crop from which farmers derive animal feeds and cash income (Singh
et al., 2003; Hall, 2012). Cowpea is a very important grain legume crop which provides food
security and employment to many farmers in South Africa. Small-scale farmers, who are the
largest producers of cowpea in South Africa, are adversely affected by dryland farming
conditions (DAFF, 2011).

Cowpea is a protein rich grain that supplements staple cereal and starchy tuber crops.
Cowpea is an annual legume commonly referred to as southern pea and black eye pea,
amongst many other names. This legume is a warm season crop adapted to many areas of
the humid tropics and temperate zones. Cowpea is extremely tolerant to heat and dry
conditions, but it is intolerant of frost (DAFF, 2011). Once harvested, cowpea is suitable for
hay, silage and pasture. It has a dense canopy and total dry matter production can reach 6900
kg/ha (Tarawali et al., 1997), which makes it suitable as a cover crop for soil and water
conservation purposes. Planting can be done under both irrigated and non-irrigated regimes.
An added advantage of cowpea is that it can extract stored soil water from deeper depths and
tolerates extended periods of water deficits (Hall, 2012). Seed maturity can be reached within
60 days and the crop can be planted during periods otherwise used for summer fallow (Moroke
et al., 2011).

Cowpea is more drought tolerant than the common bean. This is one of the main reasons it is
such an important crop in many underdeveloped parts of the world (Ribeiro et al., 2004). The

edible beans are the primary reason for growing cowpea, although the green, leaves and pea
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pods are consumable, cowpea can thus be used as a food source before the dried peas
harvested (Jayathilake et al., 2018)). Despite the importance of cowpea, the yields have
remained low under rain-fed agriculture in arid and semi-arid regions. This is due to low and
erratic rainfall, high evapotranspiration rates, low soil fertility and land degradation (Jaetzold
et al., 2006). Besides its agronomic and environmental adaptation and benefits, cowpea offers

producers market opportunities and potential grazing feeds.

Water and its efficient use are a growing concern for agricultural production worldwide,
particularly in dryland regions (Rockstrom and Barron 2007; Vorosmarty et al., 2010).
According to the United Nations Environment Programme (2007), approximately eighteen
percent of the earth’s land surface is semi-arid land that is indispensable for global food
production. Limited groundwater, low precipitation and high-water losses combine to make
water scarcity the main limiting factor for primary production in rain-fed semi-arid areas (Deng
et al.,, 2006; Hatibu et al., 2006). Positive effects of mulch on increasing soil water and
temperature, growth, yield and water use efficiency have been well reported (Dong et al.,
2018; Yang et al., 2018). Fan et al. (2017) indicated that mulch accelerated plant growth and
advanced maize maturity, finally increased yield and WUE in maize field. Several studies have
shown that an irregular temporal distribution and inefficient management of rainwater, rather
than total rainfall, are the primary constraints on crop production (Barron et al., 2003;
Rockstrom et al., 2010).

It has also been reported that adopting optimized water and soil management strategies to
bridge water limitations during dry spells can markedly promote crop growth and increase
yields (Barron et al., 2003; Lui et al., 2010; Rockstrom et al., 2010; Nyakudya and Stroosnijder
2011; Li et al., 2013; Kouwenhoven et al., 2002; Zhao et al., 2014). With the ever-increasing
population, improving rainwater management to mitigate the negative impacts of water
deficiency and increase water productivity in semi-arid areas is crucial to ensure future food
security (Lin et al., 2015). Semi-arid areas experience severe crop yield reductions due to dry
spells that occur once or twice in every five years (Rockstrom et al., 2002). Conservation tillage
practices simultaneously conserve soil and water resources, reduce farm energy usage and
increase or stabilise crop production (Mapungwa et al., 2007; Zhao et al., 2018; Ma et al.,
2018).

Rain-fed agriculture plays a crucial role for global food supply (Rockstoom et al., 2010).

Increasing demand of food globally (Zeng et al., 2018b; Mueller et al., 2012) and water
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resources shortage are the primary problems encountered in rain-fed agriculture (Zhang et
al., 2018). Mulching improves infiltration of rainwater into the soil potentially increasing water
availability to plants thereby reducing surface runoff and improving groundwater recharge
(Lipic et al., 2005; Mupangwa et al., 2007; Findeling et al., 2003; Rees et al., 2002; Ji and
Unger, 2001). Conservation of soil moisture is one of the major advantages of the mulch
farming system (Mulumba and Lal, 2008). Crop adaptation to rain-fed conditions can be
achieved by improved water use efficiency (WUE) or by increasing water supply to the plant
through improved root system (Hall, 2004). Large variability in WUE has been reported among
several species as well as cultivars within species, including cowpea (Martin et al., 1992; Hall
et al., 1990; Condon et al., 2002). Higher rates of leaf photosynthesis are often associated
with faster crop growth rates, thus a combination of higher photosynthesis and improved WUE
may play a vital role for yield enhancement of crops under drought stress conditions (Parry et
al., 2005; Condon et al., 2002). Mulching, therefore, can help aid in agricultural production in

semi-arid regions by retaining water in the soil.

Soil surface mulching is a common and viable practice for offsetting water limitations in
agricultural production. Crop response to water stress or water supply varies during different
growth stages (Lin et al., 2015). Organic mulch adds nutrients to the soil due to microbial
activity and it helps in carbon sequestration (Farooqi et al., 2018), provides better soil
environment by conserving soil moisture and inhibits weed growth in crop fields (Jodaugiene
et al., 2006). Therefore, mulching is essential for weed control, moisture conservation and the
protection of seed beds from erosion during high rainfall which is an important and essential
component in cultivation. Mulching also adds organic matter to the soil during the latter part of
the cropping season. Thus, agricultural land management practices such as mulching can
remarkably influence the success of legumes. Mulching can improve soil water supply to crops
through reduced runoff and soil evaporation, increased infiltration and better water storage
(Mupangwa et al., 2007). Furthermore, mulching avoids the fluctuations in temperature in the
first 20-30 cm depth in soils, therefore favouring root development and raising the soll
temperature in the planting bed, and thus promoting faster crop development and early harvest
(Mundy and Agnew, 2004; Mahajan et al., 2007).

Although the beneficial effects of mulching are known, there are instances when its availability
is limited. Crop residues have numerous competing uses, for example fodder, fuel and
construction material. Similarly, costs are incurred in application and these increase with

mulch level. It is therefore necessary that an optimum mulch application rate is established if
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one is to enhance or maintain high soil quality in a cost-effective manner. Living mulches can
be competitive with landscape plants for water, nutrients and space, thus they must be kept
away from newly planted shrubs and trees and be replaced with organic mulch. Mulch quality
is influenced by the source of materials (Chalker-Scott, 2007). Mulches created from branches
and tree trimmings often contain a diversity of leaves, wood and bark, contributing to highly
functional mulch. In contrast, woody mulch made from wood recovered from construction and
demolition debris can contain pressure-treated lumber and the rapid decomposition of the
wood chips could produce excessive heat or create a nitrogen deficiency from increased
microbial activity (Harris, 1983; Watson and Kupkowski, 1991). Mulch made from diseased
plant material contains pathogens. Mulch that is excessively deep could potentially damage
roots by reducing soil aeration. Therefore, organic mulch is preferable.

Simulation models are valuable tools in the analysis of farming systems for assessing the
impact of climate variability and long-term scenarios of management strategies (Keating et al.,
2003). They are complementary to the experimentation, which is invariably constrained by
seasonal conditions, the treatment imposed and duration of the experiments. Models are a
means of extrapolation of knowledge from experimentation which include crop sequence,
tillage, residue and fertilizer management practices. Crop models are classified into three
broad categories, namely: statistical, mechanistic and functional models. The Agricultural
Production Systems Simulator (APSIM) is defined as a framework that allows individual
modules of key components, such as crop cultivar and agricultural practices, of the farming
system (defined by model developer and selected by model user) to be modelled (Keating et
al., 2003; McCown et al., 1996). The APSIM model is used in the simulation of discrete
management units within production systems. It is a simulation model designed to address
long term resource management issues. It resulted from a need for tools that provide accurate
information on crop production in relation to climate, genotype, soil and management units

within production systems (Seshuhla, 2009).

Balwinder et al. (2011) stated that before a model can be used to help determine optimum
crop and cropping system management, it must be parameterised and validated for the
environment and management practices of interest. Probert et al. (1995, 1998) developed the
APSIM surface organic matter module which was formerly known as the APSIM-residue and
Thorburn et al. (2001) described it in detail. The results of Adams et al. (1976) can be used to
calculate the effect of crop residues on the potential drying rate of soil water. While APSIM

includes a generic simulation framework, it can only be applied in situations where the
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acceptable biophysical modules are available. In this respect, APSIM’s capability is most
developed for cropping systems, with crop modules available for the bulk of the grain and fibre
crops grown in temperate and tropical areas. The APSIM model’s strong modular design
(Holzworth et al., 2014) has made it possible to easily build links to component models

developed by other groups.

1.2 Problem statement

Most parts of Limpopo Province in South Africa are semi-arid, characterised by low erratic
rainfall and high temperatures. They are prone to drought and soil erosion, which are
exacerbated by climate change. In the dry season, stunted growth, poor fruit set and poor
yields may occur because of dry soils. Smallholder farmers depend primarily on rain-fed
agriculture. However, rainfall is highly variable and unequally distributed in these regions. It is
thus crucial to make farmers realize the need to use mulch in conserving soil water in the
cropping system, that is, it is necessary to conserve soil moisture to maximize crop yields.
Recently, there has been a renewed effort to address the low crop production through the
introduction of conservation tillage into production systems. It is thus, important for small scale
farmers to adopt water management strategies such as mulching to conserve moisture. Mulch
influences the germination and growth performance of cowpea. There is hardly any use of
mulch application in the current smallholder farming systems in Limpopo Province. To address
these constraints, the APSIM model will be used to validate crop performance under muich
application to assist farmers in making sound decisions. There is need, therefore, to
investigate the effects of mulch in relation to the production of cowpea and soil water content

under rain-fed conditions in the Vhembe district.

1.3 Justification

Food insecurity is a critical issue in most parts of the world, South Africa, included, especially
in rural homesteads. Smallholder agriculture in South Africa can be used as a vehicle which
the reduce of poverty and drive rural development can be achieved. Most smallholder farmers
in the area depend on nutrients that are naturally produced for crop production under rain-fed
agriculture. Cowpea is an under-utilized indigenous crop, which has many advantages for
small scale and commercial farmers in the semi-arid parts of Limpopo Province. Cowpea is a
source of protein and is drought tolerant, which is a good attribute as these areas have low
erratic rainfall and high temperatures. Therefore, ensuring that water is retained in the soil,
improving soil water supply to crops through reduced soil evaporation and runoff, increased

infiltration and water storage is essential to sustain agricultural production. Thus, boosting crop
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water use efficiency (making less water produce high yields), is of significance to improve the
productivity of rain-fed croplands. It has been proved that mulching improves soil moisture
content and decreases weed growth, thereby enhancing yield in vegetable crops. The APSIM
model has been proven to simulate crop performance under various management practices
(mulching and Intercropping) to assist farmers in making viable decisions. Thus, addition of
mulch to the soil can help meet the cowpea demand for water and improve cowpea yield, while
the APSIM model can be used to validate crop performance in an area. The benefits of this is
to help small-holder farmers to establish whether this crop management practice (mulching)
would be beneficial in the future and whether it is sustainable for their area.

1.4 Study Objectives

1.4.1 Overall objective
To determine the effects of mulch application rates on cowpea growth, yield and soil water

content and to validate the results using APSIM.

1.4.2 Specific objectives
i. To determine the effects of different rates of mulch application on growth, dry matter
and grain yield of cowpea.
ii. To evaluate the effects of different rates of mulch application on soil water content at
different stages of growth and water use efficiency (WUE) of cowpea.
iii. To validate the effect of mulch application rates on growth, grain yield, dry matter and

soil water content of cowpea using the APSIM model.

1.5. Study hypotheses
i. Cowpea growth yield and dry matter accumulation will be influenced by mulch
application rates.
i.  Mulch application rates will influence soil water content and cowpea water use
efficiency (WUE).
iii.  The APSIM model can be used to validate the effects of mulch application rates on

cowpea growth, grain yield, dry matter and soil water content with great accuracy.
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CHAPTER TWO

Literature review

2.1 Cowpea.

Cowpea is one among several species of the widely cultivated genus Vigna. Cowpea is one
of the most important food legume crops within the semi-arid tropics which form parts of Asia,
Africa, Southern Europe, and Central and South America. A drought-tolerant and warm-
weather crop, cowpea is well-adapted to the drier regions of the tropics, where other food
legumes do not perform well (Obatolu, 2003). It also has the ability to fix the atmospheric
nitrogen through its root nodules, and grows well in poor soils with more than 85% sand and
less than 0.2% organic matter and low levels of phosphorus (Singh et al., 2003). In addition,
it is shade tolerant, hence it is compatible as an intercrop with maize, millet, sorghum,
sugarcane and cotton making cowpea crucial to traditional intercropping systems within the
variegated and ornate subsistence farming (Ofuso-Amin and Limbani, 2007; Blade and Singh,
1994). The haulm (dried stalk) of cowpea is an essential by-product that is used to feed
animals. Cowpea leaves, pea pods and peas are edible, which means before the dried peas
are harvested, it can be used as a food source, but it is mostly grown for its edible beans
(DAFF, 2011; Ehlers and Halle, 1997).

2.1.1 Importance of Cowpea.

Cowpea is known to be the most economically important indigenous African legume crop
(Langyintuo et al., 2003). Cowpea is an important source of food for humans in poor arid
regions; the crop can also be used as feed for livestock. Cowpea is fed to livestock
predominately in India where it is fed as forage or fodder (Singh et al., 1997). Cowpea provides
a rich source of proteins, calories, minerals and vitamins. The seed of a cowpea contains 25%
protein and is low in anti-nutritional factors (Rangel et al.,, 2003). This cowpea diet
complements the mainly cereal diet in countries that grow cowpea as a major food crop
(Phillips et al., 2003).

2.1.2 Climate and soil condition suitable for cowpea growth.

According to DAFF (2011), cowpea grows best during summer (October-March). The

minimum temperature for germination is 8.5 °C while the minimum temperature for leaf growth
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is 20 °C (Ngalamu et al., 2014). Cowpea is a heat-resistant and drought-tolerant crop (Van
Rensburg et al., 2007), but it is also adaptable to cooler and high rainfall areas. It is this
excellent adaptability to a wide range of climatic conditions and the presence of many varieties
that makes this crop highly suitable for the climate of Limpopo. The temperature for optimum
growth and development is about 30 °C (SARI, 2012). Cowpea response to day length differs
with varieties, some are insensitive and flower within 30 days after sowing when grown at a
temperature of around 30 °C. The time of flowering for photosensitive varieties is dependent
on time and location of sowing and may be more than 100 days (DAFF, 2011; SARI, 2012).
Even in early flowering varieties, the flowering period can often be extended by warm and
moist conditions, resulting in asynchronous maturity. In Limpopo Province, the optimum
sowing times are December to January. Crops that are sown early tend to have elongated
internodes, lower yields, are less erect and more vegetative than those sown at optimum time.
Nodular bacteria specific to cowpea (Bradyrzobium spp.) makes it suited for cultivation in the
hot marginal cropping areas, as well as the cooler higher rainfall areas of Southern Africa
(DAFF, 2011).

Cowpea is sensitive to waterlogging (Harris et al., 2006). The frequency and unreliability of
rainfall poses problems to cowpea growth in South Africa (DAFF, 2011). In some areas, the
frequency of rain is too high, leading to flooding, while in other areas it is so unreliable that
moisture conservation remains vitally important for crop production. Cowpea is often produced
satisfactorily with an annual rainfall between 400 and 700 mm (Harris et al., 2006). In some
areas of Mpumalanga, where annual rainfall is high, cowpea might be planted at a time to
coincide with the peak period of rainfall during the vegetative phase or flowering stage to
ensure that pod-drying takes place during dry weather (DAFF, 2011). Adequate rainfall is
important during the flowering/podding stage. Cowpea reacts to serious moisture stress by
limiting growth (especially leaf growth) and reducing leaf area by changing leaf orientation and
closing the stomata. Flower and pod abscission during severe moisture stress also function

as growth-restricting mechanisms.

Cowpea is grown on a wide range of soils but prefers sandy soils which are less restrictive to
root growth (DAFF, 2011; Ngalamu et al., 2014). This adaptation to lighter soils (sandy loams
and sandy soil) includes drought tolerance through reduced leaf growth, less water loss
through stomata, and leaf movement to scale back light and heat load under stress (DAFF,

2011). Good growth requires a soil pH of between 5.6 and 6.0 (Harris et al., 2006; Ngalamu
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et al., 2014). Cowpea can survive under infertile acid soils, but it is reported to be less tolerant
to cold soils (DAFF, 2011). It is important that the rainfall is well distributed for normal growth
and development. Since South Africa is faced with uneven rainfall, this may have negative

consequences on cowpea growth and yield.

2.1.3 World production of Cowpea

Most cowpeas are grown on the African continent, particularly in Nigeria and Niger, which
account for 66% of the world cowpea production (FAOSTAT, 2015). United States is the only
country that is a substantial producer and exporter of cowpea, of the developed countries
(Imrie, 2000). Cowpea production areas and production figures for the United States are,
however, not well known. Langyintou (2003) reported that in the 1990s Myanmar exported
around 30 000 tons annually to India and Middle Eastern Countries and India imported
annually some 15 000 to 20 000 tons of cowpea mainly from Myanmar. Since the FAO (Food
and Health Organization) stopped publishing cowpea statistics in mid of 1980s, there is no
reliable source of international statistics on cowpea production or marketing. Many cowpea
scientists need such statistics. Biological scientists need them to explain and justify their
programs. Statistics are the essential elements for socio-economic research (Bean/Cowpea
CRSP West Africa, Social Science Report April-Sept., 1998). It is estimated that cowpeas are
cultivated on 12.5 million hectares and have a worldwide production of 3 million tonnes (DAFF,
2011). Although cowpea plays a key role in subsistence farming and livestock fodder, it is also
a major cash crop for Central and West African farmers, with an estimated 200 million people
consuming cowpea on a daily basis (Langyintuo, 2003). According to the Food and Agriculture
Organisation of the United Nations (FAQO), the average cowpea yield in Western Africa in 2012
was estimated to be 483 kg/ha, which is still 50% below the estimated potential production
yield (Phillips et al., 2003; Kormawa et al., 2002). In some traditional cropping methods, the
yield can be as low as 100 kg/ha.

2.1.4 Production of Cowpeain South Africa

In Africa, information on cowpea marketing and trade is not sufficient and data on cowpea
production economics scattered, because market research has focused on export crops such
as cocoa, coffee, cotton, and groundnut and to a lesser extent cereal (Van der Laan cited by
Langyinto et al., 2003). The two main sources of data are: FAO complemented by the
statistical service department of various countries, and information collected by the

socioeconomic groups of the Bean/Cowpea CRSP. FAO, however, estimates that 3.3 million
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tonnes of cowpea dry grain were produced worldwide in 2000. (IITA Research, 2001), but only
a small proportion enters international trade. In South Africa, small-scale farmers who are
affected by dryland farming conditions are the largest producers of cowpea. However, there
are no records of the dimensions of the area under production and therefore quantities
produced (DAFF, 2011). Cowpea is grown in the following provinces: Limpopo, Gauteng,
Mpumalanga, North West and KwaZulu-Natal (NDA, 2009). Cowpea is one among the most
important food security grain legumes in South Africa. However, despite its contribution to
rural families’ diet, soil fertility and livestock feed, cowpea may be a neglected crop. None
availability of adapted high yielding cowpea varieties may be a major constraint to cowpea
production in South Africa. Although there are reports of 1.5 t/ha in the Free State province,
where it had been believed that cowpea is not well suited, there is not enough information on
the area under production. In 2013, 7000 tons of cowpea was produced from 13 500 ha in
South Africa. FAOSTAT (2013) also established that South Africa produced 5674 tons of
cowpea in the growing seasons of 2011 and 2012. The potential grain yield, under sole
cropping is high (1.5 - 3.0 t/ha). However, the farm yields obtained by South African farmers
are much lower averaging less than 500 kg/ha (Asiwe 2007, 2009a).

2.1.5 Cowpea production constraints in South Africa

Cowpea production constraints in South Africa include diseases and insect pests. In South
Africa, viral and fungal diseases seem to be very important. Other factors limiting cowpea yield
include, nematodes, extreme temperatures, low soil fertility, lack of good seed, seedling
mortality caused by Pyfhium sp., anthracnose caused by Colletotichum lindemuthianum
(Sacc. and Magn.)., leaf spots caused by Cercospora and Septoria spp., rust caused by
Uromyces appendiculatus (Pers) Fries and Pyfhium stem rot caused by Pyfhium
aphanidermatum (Edson) and improved varieties as well as bad cultural practices (Onesirosan
and Barker 1971, Bailey et al., 1990; Emechebe and Fiorini 1997). Twelve viral diseases that
are known to attack cowpea have been identified (ARC, 2018). One of the diseases causing
significant losses to stem, pods and leaves of cowpeas is moore (Latunde-Dada et al., 1996).

2.2 Mulching

2.2.1 Definition
Mulch is considered as a layer of material (organic or inorganic) applied to the surface of soil
spread around or over a plant in order to insulate or enrich the soil (Nalayini 2007; Kader et

al., 2019). Mulch is applied for several reasons such as soil moisture conservation,
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improvement of soil health and fertility, reduction of weed growth as well as the enhancement

of an area’s visual appeal.

2.2.2 Types of mulch

They are two types of mulch, namely, organic and inorganic. Organic mulches include bark,
hardwood and softwood chips, newspaper, compost mixes and cardboard and a variety of
other plant by-products. Organic mulches consist of materials that decompose over time.
When organic mulches are worked into the soil, they can improve soil fertility, structure,
aeration and drainage because they decompose (Schwartz, 2019). According to Kasiraian
and Ngouajio (2012) cereal straw is the most common organic mulching material. Natural
mulches do not always provide adequate weed control because they may carry weed seeds
and often retard soil warming in spring. Straw mulches deplete the seedbed nitrogen due to
their high carbon-to-nitrogen ratio (Kasirajan and Ngouajio, 2012) and they may carry weed
seeds). Replenishment on a regular basis is necessary for organic mulches because they
decompose. Inorganic mulches bring many benefits to the soil. These include several types
of materials that do not decompose and thus do not need replenishment very often, if ever.
Inorganic materials include rock, stone, crusher dust, landscape fabrics and many more man-
made materials. Inorganic mulches are ideal for controlling weeds and decorative uses. Since
rocks and stones reflect and absorb moisture, they warm the soil for early spring planting of
fruits and vegetables but can be detrimental to plants during periods of hot and dry weather
(Schwartz, 2019). Hay mulch is ideal for mulching newly seeded soil. Hay mulch keeps the
soil from washing away. It is also known to deter birds and rodents. Hay mulch conserves the
moisture that the seeds need for germination, that is, until it decomposes. Natural mulches

reduce soil temperature and evaporation (Kader et al., 2017b: Subrahmaniyan and Zhou,

2008).

2.2.3 Benefits of mulching

The presence of crop residue mulch at the soil-atmosphere has a direct influence on infiltration
of rainwater into the soil and evaporation from the soil (Mupangwa et al., 2007). Mulch cover
reduces surface runoff and holds rainwater at the soil surface, thereby giving it more time to
infiltrate the soil (Mupangwa et al.,, 2007). Mulches are also known to promote crop
development and early harvest, as well as increase yields. Ossom et al. (2001) reported that
very little weed growth occurs under the mulches as they prevent the penetration of light or

exclude certain wavelengths of light that are needed for the weed seedlings to grow. Mulches
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greatly retard the loss of moisture from the soil by reducing evapotranspiration (Mupangwa et
al., 2007).

2.2.4 Disadvantages of mulching

Heavy mulching over a period of years may end in a build-up of soil over the crown area of
plants. Some mulch material can be costly and not readily available, which can be a drawback
to small- and large-scale mulching. Also, when using sawdust and woodchips as mulich,
nitrogen starvation sometimes occurs (Jalota and Prihri, 1998). Some mulch material (twigs
and straw) attract some type of pests, according to the type of padding. In the case of plastic
mulch, some beneficial plants such as trebol disappear. In some types of mulch, like that of
straw, when it is fresh, it can germinate its seeds and become weeds. Straw, herbs or leaves
can attract rodents (Solomon, 2010). Long-term plastic film mulch has a huge negative impact
(Wang et al., 2009; Zhang et al., 2008; Hou et al., 2010), causing deterioration of soil structure,
crop root entanglement, nutrients and water inhibition, which affects root development,
reduces crop yields and restrains the sustainable development of agriculture (Liu et al., 2014;
Gu et al., 2017). Mulch can also delay crop growth and development which can increase crop
water use after anthesis. Mulch induced reduction in grain yield tends to nullify its positive

effects through water conservation (Balwinder et al., 2011; Chen et al., 2007).

2.2.5 Mulching effects on soil water content.

Mulching effect on moisture conservation and ability to increase productivity of crops has
been reported in maize (Zhang et al., 2005), wheat (Verma and Acharya, 2004a, Verma and
Acharya 2004b, Li et al., 2005, Haung et al., 2005, Rahman et al., 2005) and other crops
(Tarig et al., 2001, Kumar et al., 2003, Hag, 2000, Kar and Singh, 2004). Mulching and soil
water content (SWC) have a significant impact on soil erosion. Mulch addition to the soil
increases the water holding capacity of the soil, thus increasing the soil water content.
Mulching affects crop performance by distorting soil conditions such as soil temperature, soil
moisture and by also controlling weeds. Mulch reduces soil water evaporation by covering the
soil and thus, increasing soil moisture (Seshuhla, 2009; Zhao et al., 2018; Ma et al., 2018).
Tan et al. (2014) conducted a field plot study where soil moisture in mulched plots was higher
than in un-mulched plots. Zhai et al. (2008) observed the same scenario in a cucumber study
while Ramakrishma et al. (2006) reported increased soil moisture in the straw mulched than

un-mulched plots in a study conducted in Vietnam.
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Teame et al. (2017) found that the analysis of variance revealed that soil moisture content is
highly influenced by mulching treatment in all soil depths during the cropping season. They
noted that in the upper soil depth (0.02 m) the highest soil moisture (37.9, 37.6 and 36.6%
was conserved in all the mulched plots. Al-Rawahly et al. (2011) conducted a study on
mulching material effect on yield, soil moisture and salinity. They found that more moisture
percentage was recorded in soil covered with mulches compared to bare soil surface. Date
palm residue was observed to have the highest average soil moisture of 16.55%. They also
noted significant differences between different types of mulches, depth and individual
interactions. The highest average of soil moisture was at depth 45 cm with a percentage of
16.17.

Rathore et al. (1998) observed that more water was conserved within the soil profile during
the early growth period with straw mulch than without it. Similar findings were found by
Rahman et al. (2005) and Chackraborty et al. (2008). Rathore et al. (1998) also noted
subsequent uptake of conserved soil moisture and soil mechanical resistance, leading to
better growth and higher grain yields. According to trials conducted by Erenstein (2002) in the
higher potential areas of Zimbabwe between 1988 and 1995, mulching indicated significantly
reduced surface runoff and soil loss, meaning that mulch application is essential in semi-arid
areas prone to soil erosion. Mulch cover shields the soil from radiation from the sun, thereby
reducing evaporation from the soil. Bunna et al. (2011) reported higher soil water content in

the mulch treatments (13.6% versus 12.4%).

2.2.6 Effects of mulch application rates on yield

According to Raju (2013) and Chen et al. (2019), the application of mulch under water-limited
and warm environments usually increases crop yield due to reduced temperature and
increased retention. The increase in yield is also supported by studies conducted by
Ramakrishna et al. (2006) where a higher yield was observed in mulched than in un-mulched
plots. Grain yield of well-managed dryland cowpea ranged between 1.0 and 4.5 Mg/ha and
reached 6.0 Mg/ha under irrigation in California (Fery, 1990). Total dry matter and grain yield
of cowpea were found to be linearly related to seasonal water use (Turk and Hall, 1980;
Pandey et al.,, 1984). In semi-arid regions, mulching can significantly improve soil water
content and temperatures, ensure crop water supply, thus promoting the photosynthetic
capacity of crop leaves and resulting in significant increases in crop primary productivity (Hou
et al., 2015; Lui et al., 2010; Mo et al., 2018). In an experiment done on soybean and different

mulching treatments by Kader et al, (2017), soybean seed yield increased under mulching
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treatments compared to the bare soil. Increased soybean yield under mulching was also
reported by Arora et al. (2011) and Sekhon et al. (2005).

A field trial conducted by Mupangwa et al. (2012) over four seasons with three tillage methods
(reduced tillage, mulching and crop rotation) showed that mulching improved cowpea yields
in seasons that had poorly distributed rainfall with 2 and 4 t/ha giving similar yields. The study
showed that higher mulch levels of 8 and 10 t/ha, which were under the smallholder conditions
at the time, suppressed cowpea establishment, which means that they should not be
recommended. An experiment conducted by Mupangwa et al. (2007), showed that under
different tillage treatments, 4 and 10 t/ha mulch cover maintained higher profile water content
especially during dry spells thus increasing crop yield. Mupangwa et al. (2012) reported that
mulching improved maize yields. Although the highest maize yields were achieved at 8 t/ha
mulch rate, there were no significant yield benefits derived from increasing mulch cover
beyond 4 t/ha. Bunna et al. (2011) reported that among all their treatments, mulch had the
largest and most consistent positive effects on crop establishment and yield. Mulch improved
crop establishment by about 10% in all locations with mean 72.22 and 83.1% for no mulch
and mulch, respectively. In the same experiment, mulch increased grain yield by between 77
and 80%. In a field experiment by Ncube et al. (2007) conducted on the productivity and
residual benefits of grain legumes to sorghum under semi-arid conditions in south-western
Zimbabwe, it was reported that cowpea produced the highest grain yields during the dry
2002/03 cropping season. In the winter of 2003/04 cropping season, the cowpea crops were
severely attacked by aphids, resulting in poor grain yield. The third season of 2004/05 resulted
in cowpea producing an average of 0.35-0.46 t/ha.

2.2.7 Mulching effects on water use and water use efficiency

Water use efficiency (WUE) is the total yield obtained from water available to the crop through
rainfall, irrigation, runoff, drainage and the contribution of the soil water storage. Maximum
agricultural production, especially in low rainfall cropping systems in the tropics and sub-
tropics, is greatly affected by water utilization and uptake (Ogola et al., 2009). In an experiment
conducted by Chimonyo et al. (2016), WUE calculated using total biomass (WUE,) varied
across seasons, water regimes and cropping systems. Though not statistically significant,
WUE calculated using yield (WUEg) also varied across seasons, water regimes and cropping
systems. Fan et al. (2017) indicated that plastic mulch accelerated plant growth, advanced

maize maturity, increased yield and WUE in maize field.
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Li et al. (2016) conducted an experiment with four treatments: flat planting without film mulch
(CK), flat planting with film mulching (M1), ridge-furrow planting with film mulch on both ridges
and furrows (M2) and ridge-furrow planting with film mulching on continuous ridges (M3). The
author reported that soil water storage after harvesting did not differ significantly between M1
and M2 but was significantly higher in M1 and M2 than in CK and significantly lower than in
M3. Evapotranspiration was recorded to be at its lowest in M3 and the highest in CK in three
growing seasons. The experiment showed that ET did not differ markedly between M1 and
M2 in the first season but was significantly lower in M2 than in M1 for the second season.
Mean ET for the three growing seasons was 23.6, 14.3, and 9.4% lower in M3 than CK, M1
and M2, respectively. Water use efficiency was significantly higher in M3 than in CK, M1 and
M2 by 155.3 and 78.5 respectively and 33.4% in the first season; 101.7 and 53.8, respectively,
and 22.4% for the second season.

In an experiment conducted in Texas by Moroke et al. (2011), it had been noted that cowpea
crop water use was lower compared with other dryland studies within the region. This is as a
result of the limited precipitation received during the growing season. Low water use of cowpea
is said to be related to the limited rooting depth. Chen et al. (2019) noted that straw strip mulch
improved water use efficiency and the yield of potato in rain-fed semi-arid areas. In a study by
Miriti et al. (2012), crop water use efficiencies were highest in the short rain season than in
the long rain season for both grain and total dry matter water use efficiency. Grain and total
dry matter WUE for maize and cowpea were greatest in the short rain season of 2007 and
2009 because of better rainfall distribution and crop yields in both seasons. Lower WUE was
observed in the short and long rain seasons of 2008 due to smaller yields resulting from poor
rainfall distribution. The short rain season of 2008 had the highest amount of rainfall yet had
the lowest WUE. This clearly demonstrates that rainfall distribution is of great importance in
obtaining good crop water use. Significant amounts of water in the short rain season of 2008
could have been lost as runoff as it rained within a week in high intensity (46 mm/day).

2.3 APSIM model for agricultural research

Simulation models are known to increase the advantages of using mulch in cowpea in different
climates; therefore, they have been tested in cowpea systems for their ability to simulate the
impacts of mulching. The APSIM model has been tested extensively in Australia to predict
yields of sorghum, forage, pasture and grain legumes (Ncube et al., 2007). Literature evidence

shows that the APSIM model has the ability to simulate productivity and resource use in
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intercrop systems (Dimes et al., 2011; Knorzer and Lawes, 2011; Robertson et al., 2004).
Ncube et al. (2009) conducted a field study where the model was used to predict grain yield
of legume crops across three seasons. The model generally showed good prediction of total
biomass and grain yields of the legumes in all three cropping seasons, providing evidence that
APSIM captured the effects of variable water supply on crop production in very wet and very
dry seasons quite well. There was an equally good performance in total biomass (RMSE =
643 kg/ha, R? = 0.65) and grain (RMSE= 221, R? = 0.79) prediction, which was indicative that
total biomass accumulation and partitioning to grain was well simulated by legume crop

modules under those range of conditions.

Chimonyo et al. (2016) noted that model simulation for sorghum yield was satisfactory as
indicated by low RMSE (82.7 kg/ha) with a 7% difference from observed yield. On the other
hand, the authors noted that model simulation for cowpea yield was spoor, (RMSE = 44.8
kg/ha) with an overestimation of 31%. In an experiment conducted by MacCarthy et al. (2009)
on a homestead and a bush farm, the APSIM module predicted the trend of total biomass
production under various treatment combinations. There was also a good interrelation
between the observed and predicted total dry biomass values (r=0.86). Therefore, the model’s
performance in predicting total biomass was good, with an internal model efficiency coefficient
of 0.50, RMSE of 1.17 t/ha and MdUAPE values of 28 to 44%, respectively. MacCarthy et al.
(2009) observed a lower RMSE grain yield prediction in the homestead than that in the bush
farm. A study by Chimonyo et al. (2016) indicated that the APSIM model was able to simulate
sorghum-cowpea intercrop systems under different water regimes. The model was able to
give reliable simulations of biomass, yield, phenology and crop water use for both sorghum
and cowpea under different water regimes. Simulations of biomass yield and WU for sorghum-
cowpea under rain-fed conditions were overestimated and this resulted in a reduction of
calculated WUE. The model was limited in its ability to simulate under rain-fed conditions.
Improvements in the model’s performance can be enhanced fif it is able to capture extreme

weather events.
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CHAPTER THREE

Materials and Methods

3.1 Experimental site

Field experiments were conducted at the University of Venda experimental farm, (30 26" 441
E and 22 58 081 S), situated in Vhembe district, Limpopo Province. The experiment was
conducted over two seasons (2016/17 and 2017/18). The experimental farm is in a semi-arid
area in Vhembe district. The annual rainfall at the farm is highly seasonal, with 85% occurring
in summer, between October and March. A large variability in the rainfall pattern at the farm
over a 23-year period was reported by Mzezewa et al. (2010). The evaporative demand highly
occurs during the summer period with mean maximum temperatures (Tmax) at 30° C and mean
minimum temperature (Tmin) at 20° C. The long-term monthly rainfall and temperature for the
experimental site are presented in Table 1. Soil at the site is classified as Hutton form
according to the South African System (Soil Classification Working Group, 1991).
Meteorological data were recorded in both seasons by an automatic weather station located
within 100 m of the experimental plots. Sowing date for the first season was the 15 of
November 2016 and for the second season was the 22 of November 2017. Harvesting was
done on the 13 March 2017 and 21 March 2018, respectively.

Table 1: A long-term (50 years) climatic data (rainfall and temperature) averages at University
of Venda, Thohoyandou during the period of the growing seasons.

Oct Nov Dec Jan Feb
Temperaturemax 29 30 30 30 30
°C)
Temperaturemin 15 17 18 18 18
°C)
Rainfall 61 118 114 164 134
(mm)

Source: National Oceanic and Atmospheric Administration (NOAA).
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3.2 Characterization of soil

3.2.1 Determination of soil chemical properties

Twenty sub-soil samples were randomly collected at the experimental site from 0-20 cm soil
depth using a soil auger. The sub-samples were then mixed and bulked together to obtain a
composite sample. The composite sample was air-dried and sieved through a 2 mm sieve for
analysis of soil chemical properties. The following selected chemical properties were
determined; organic carbon content, which was determined using the Walkely and Black
method (Nelson and Somers, 1982) and selected exchangeable cations (Mg?*, K*and Ca?")
were determined using the ammonium acetate extraction procedure (Peech, 1965). Available
P was extracted using the Bray 1 method (Bray and Kurtz, 1945). Total nitrogen was
determined using the Kjedahl method (Bremmer and Mulvaney, 1982). Soil pH was

determined in 1:2.5 ratio of soil: water.

3.2.2 Determination of soil physical properties
The bulk density (BD) was determined using the core method (Blake and Hartge, 1986). Bulk
density was calculated using equation (1):

BD (9/CM3) = (WD) / V e, 1)
where WD= dry weight of soil (g); V (cm?®) = Volume of the cylindrical core
The following soil physical properties were determined using soil samples from section 3.2.1:

texture and porosity. Soil texture was determined using a hydrometer method (Bouyoucos,
1962).

Porosity was determined using equation (2):

POrOSItY = L= DD D i (2)

where Db = bulk density; Dp = particle density, assuming a particle density of 2.65 g/cm?
(Brady and Weil, 2008).

3.3 Characterization of mulch material
The mulch material used was hay. It was chosen because it is easily accessible, inexpensive
and is organic and not living. For this reason, it did not compete with the plants for water,

nutrients and space.
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3.4 Experimental Design

The experiment was conducted over two seasons (2016/17 and 2017/18), with individual plot
sizes of 3 m x3 m replicated four times. Each plot had an inter-row spacing of 90 cm and intra
row spacing of 20 cm. The experiment was set up in a Randomised Completely Block Design
(RCBD). The treatments consisted of four levels of mulch (0, 2, 4 and 8 t/ha). These four levels
were selected because according to literature review anything above 8t/ha supresses crop
establishment as well as considering the price of mulch in order to cater to farmer needs based

on their resources.

3.5 Cultural practices

Individual plots were ploughed using a tractor and prepared and demarcated manually with a
100 m measuring tape, hand hoes and strings. Cowpea seeds were sown manually to a depth
of 2 cm. After sowing, mulch was applied according to the treatments (0, 2, 4 and 8 t/ha).
Phosphorus fertilizer (NPK) was applied at 100 kgP/ha, at sowing. Two seeds were sown and
thinned to one after emergence to maintain the desired plant population. Supplemental
irrigation was applied using sprinkler irrigation system, when necessary, based on soil
moisture content determined using neutron probe. The experimental units were kept free of

weeds throughout the growing seasons by manual weeding using hand hoes.

3.6 Data collection

3.6.1 Plant material sampling
The following selected variables were measured during plant growth: above ground dry matter
at flowering (4 January 2017 and 11 January 2018, respectively) and at harvest maturity, yield

and yield components at harvest maturity.

3.6.1.1 Dry matter (DM) accumulation

Dry matter was collected from each treatment by sampling six plants per plot at flowering (4
January 2017 and 11 January 2018, respectively) and twelve plants per plot at harvest
maturity (13 March 2017 and 21 March 2018, respectively). The samples were dried at 65° C
for 48 hours, that is, until a constant weight was attained in an air-forced oven. The samples

were weighed to determine DM yield.
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3.6.1.2 Yield and yield components

At harvest maturity, twelve plants were sampled from the inner rows in each plot, in each
season. Yield and yield components were determined by measuring the number of pods per
plant, pod weight, the number of grains per pod and grain weight. Plant pods were separated
from the plant manually. The pods were then threshed by hand and the number of seeds per
pod were determined. The plants were dried without the pods at 65° C for 48 hours to obtain
the total dry weight. The same plants that were used for dry matter at harvest maturity were
used to determine grain yield and yield components. The seeds were then air-dried and
weighed to determine grain yield (kg/ha).

3.6.2 Crop water use and water use efficiency

Soil moisture content was measured on a weekly basis using a neutron probe. Soil moisture
was measured at 30, 60 and 90 cm depths. Measurements were taken from emergence until
harvest maturity in both experiments. In each season, access tubes were installed to a depth
of 1.2 m in each plot. During each measurement, the probes were lowered in access tubes
inserted before sowing at a frequency of one access tube per plot. Total crop
evapotranspiration (ET) was estimated using the standard water balance equation (3) as
described by Howell et al. (1995):

ET (MM) = AS + (PH)-D-R ..ot (3)

where ET is the crop evapotranspiration (mm), AS is the change in soil moisture storage (mm);
P-rainfall/precipitation (mm); I-irrigation (mm); D-drainage and R-run-off (mm). Thereafter,
WUE was calculated as the ratio of crop total dry matter or grain yield to total crop water using

equation (4):

WUE = Total Dry Matter / ET and WUE= Grain Yield/ ET ..................coooenl. 4)

3.7 Determination of parameters used in APSIM

Soil parameters determined for use in APSIM included bulk density (BD), drained upper limit
(DUL), crop lower limit (CLL) and the initial soil water content. The initial soil water content
was determined using the neutron probe. Parameters influencing soil fertility are mainly
represented in APSIM-SoilN2 module. Initial stage variables such as soil organic carbon and
soil nitrogen were measured and used for simulations. Parameterization of soil P was obtained

by measuring soil P. The bulk density was also measured as indicated in subsection 3.3.2.

22| Page

© University of Venda



)
o

&5 ) university of Venda
C

The DUL was calculated by multiplying the soil water content with the bulk density and the
crop lower limit was determined using the same method used to calculate DUL. The only
difference between the DUL and CLL was the water content. The weather data were
downloaded from the weather station at the University of Venda. The weather parameters

were evapotranspiration, daily temperature and maximum rainfall.

3.8 Simulation set-up

Key APSIM modules used in the study are Cowpea, SoilN2 (soil nitrogen), SoilP (soil
phosphorus), SoilWat (soil water) and RESIDUE2. Field management data and the climate of
the experimental were required by APSIM. The University of Venda weather data (daily
temperature and rainfall) were obtained from the weather station installed by ARC-ISCW at
the university. The calculated BD, DUL and CLL content were entered in the APSIM soill
window. Soil water content measured, defined the initial soil water content before sowing. All
soil water characteristics were measured from the study site. Conceptual soil organic carbon
pool is represented as bulk soil organic matter (HUM), soil microbial biomass (BIOM) and
fresh organic matter (FOM) in the module. HUM was used because it is the most stable.
Management data such as sowing date, sowing depth, mulch application date and method
were entered in the manager window in the APSIM model. The initial water content was set
into the APSIM data base. The cultivar used in APSIM for all the seasons was banjo.

3.9 Statistical analysis

Analysis was done using the RCBD model; analysis of variances was conducted using the
general linear model (GLM) procedure of SAS software version 9.4 package (SAS, Institute,
2013). The effect of mulch application rates on dry matter, yield, soil water content and water
use efficiency were analysed using ANOVA. Where significant differences between treatments
were observed, mean separation was done using LSD test at (p < 0.05). The performance of
APSIM model in predicting grain yield was evaluated using the root mean square error
(RMSE), the median unbiased absolute percentage error (MdUAPE), the root mean square

deviation (RMSD) and the modified coefficient of efficiency:

RMSE= [N 5 (Pi- 002125 .o, (5)

where O is the observed yield, P the predicted yield and n is the number of observations.
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MdJUAPE avoids problems such as bias in favour of lower predictions that occur when using
the regular MAAPE (which does not use absolute differences between simulated and observed
data) in expressing goodness of fit between predictions and observations (Armstrong and
Collopy, 1992).

MAUAPE = 100 x median [(Pi = O) / 0.5 (O + P)] «vvveveoeeeeeee oo 6)

Modified coefficient of efficiency (E1):

n _p)2
Ei - 1 _ Z;l—l(o E’)
L,(0-0)?

where O is the observed yield, P the predicted yield and n is the number of observations (Nash
and Sutcliffe, 1970).
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CHAPTER FOUR

4. Results and discussion

4.1 Weather data

Figures 1 and 2 represent the summary of rainfall and temperatures during the growing
seasons, the mean seasonal temperature and rainfall. The rainfall distribution and amount in
both cropping seasons differed significantly, with the first season (2016/217) having a higher
rainfall amount than that of the second season (2017/2018). In the 2016/17 season rainfall
amounts were above normal than the 2017/18 season. The highest amount of rainfall was
recorded during the months of December and January for the 2016/17 cropping season. Poor
distribution and amount of rainfall in the 2017/18 season affected the growth of cowpea
negatively, while the 2016/17 season was negatively impacted by flooding and waterlogging.
The highest rainfall during the growing season in 2017/18 occurred in December and
February. The month with the least amount of rainfall was October in the 2016/17 season and
January in the 2017/18 season.

2016/17 (a)

40

o ¢ ® —C— —0
20

Mean monthly
temperature (°C)

Oct Nov Dec Jan Feb
Months

=@==\ax T Min T

2017/18 (b)

40

P O —C—= —— —0
20

Oct Nov Dec Jan Feb
Months

Mean monthly
temperatures (°C)

e=@==\ax T Min T

Figure 1: Monthly temperatures in Thohoyandou for the 2016/17(a) and 2017/18(b) season.
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Figure 2: Total monthly rainfall in 2016/17 and 2017/18 cropping seasons.

4.2 Effects of mulch application rates on dry matter at flowering stage and harvesting
stage.

Mulch application rate had no significant effect on cowpea dry matter at flowering stage
(p<0.5), although the highest dry matter produced was at 8 t/ha mulch application rate with
the 2016/17 season having 331 kg/ha and the 2017/18 having 365 kg/ha (Table 2). Less
amount dry matter of cowpea was recorded at O t/ha mulch application rate, (245 kg/ha
2016/17 and 178 kg/ha 21017/18). The low dry matter at flowering could be due to water stress
due to insufficient rainfall in the first four weeks of the growth stage.

There were no significant differences among the treatments in terms of dry matter at
harvesting stage, although the highest cowpea dry matter yields were achieved at 8 t/ha mulch
application rate in both the 2016/17 and 2017/18 seasons (11144 kg/ha and 9706 kg/ha),
respectively. There were no significant yield benefits derived from increasing mulch cover
beyond the 4 t/ha mulch application rate and this could be attributed to the amount of rainfall
received. The mulched treatments consequently increased total biomass than the unmulched
plots but were not significantly different (Table 2). Feng et al. (2019) found similar results.
Cowpea biomass was generally higher during the first season (2016/17) than the second
season (2017/18) because of the higher amount of rainfall (Figure 2). The final biomass
observed in both seasons was consistent with observed growth patterns within each growing

period.
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Table 2: Dry matter of cowpea at flowering stage and harvesting stage as influenced by
mulch application rates during 2016/17 and 2017/18.

Dry matter (kg/ha)
Flowering stage Harvest
Mulch 2016/17 2017/18 2016/17 2017/18
Application rate
(kg/ha) (kg/ha) (kg/ha) (kg/ha)
(t/ha)

0 2452 1782 84112 77932

2 2612 2572 93032 76292

4 3092 3442 99762 86912

8 3312 3652 111442 97062

p-valueo.os) Ns ns Ns ns

Ccv 25.35 22.91 23.68 22.03

Means in the same column followed by the same letter are not significantly different from each
other at the 5% probability level, *Significant at p<0.05, ns = Not significant, CV= Coefficient
of variation.

4.3 Effect of mulch application rates on cowpea grain yield.

There were significant differences among the treatments in grain yield (Table 3). The control
had the least grain yield, with (2049 kg/ha) in the first season and (1291 kg/ha) in the second
season, while the 8 t/ha mulch application rate had the highest grain yield (3631.20 kg/ha) in
the 2016/17 season and 3594 kg/ha in 2017/18 season. The 2 t/ha and 4 t/ha mulch
application rate were not significantly different from each other. The differences in yield
between the seasons, though not significant, can be attributed partly to the rainfall amount as
well as its distribution (Zhang et al., 2017). Previous studies have shown that mulch application
can affect soil water content, yield and evapotranspiration, thereby, modifying the crop yield
(Chen et al., 2015; Rashid et al., 2019). In this study, grain yields were higher in the wetter
growth season than drier growth season (2017/18) (Table 3 and Figure 2). Similar findings

were obtained by Yan et al. (2018) with straw mulch and winter wheat.
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Observations showed that cowpea yield was affected negatively because of moisture stress
and high temperatures during the initial stages of growth in both seasons of the experiment,
that is, moisture stress symptoms such as leaf curl and wilt were observed in the un-mulched
plots of cowpea during the initial growth stages. There were no visible effects of moisture
stress observed on the mulched cowpea leaves. The relative increase in the yield due to
mulching was higher in the first season (2016/17) than in the second season (2017/18). This
could be attributed to evaporative demand being higher, subjecting the plants under control to
more water stress than the mulched plants (Zhang et al., 2009). The improvement in the yield
because of mulching over control can be attributed to improved moisture availability to the
plants because of lesser evapotranspiration (Adeboye et al., 2017). The yield attributes of
cowpea varied under different mulching treatments due to variation in mulch application rates
and moisture, both of which modified soil water consumption rates (Kader et al., 2017).
Practices such as mulching substantially enhance water use efficiency, thus maintaining or

even increasing grain yield of cowpea.

Table 3: Effect of mulch application rates on cowpea grain yield.

Mulch Application Rate 2016/17 2017/18
(t/ha) (kg/ha) (kg/ha)

0 20492 12912

2 2233% 1774%

4 33412 2965

8 3631° 3594°

p-value.os) * *
cVv 24.42 24.57

Means in the same column followed by the same letter are not significantly different from each
other at the 5% probability level, *Significant at p<0.05, ns = Not significant, CV=Coefficient
variation.

4.4 Effect of mulch application rates on soil water content.
Soil moisture content in the cowpea plots under the different mulch application rates fluctuated
with rainfall throughout the cropping season, with the unmulched plots exhibiting a greater

fluctuation of soil moisture content (Table 3). There were significant differences among the

28| Page

© University of Venda



)
o

&5 ) university of Venda
C

treatments in the 2017/18 season (Table 4). There were no significant differences in the
2016/17 season. Soil water content was generally higher in the 2016/17 cropping season
amongst all the treatments, with 8 t/ha mulch application rate having an average of (32.21
mm) in the 2016/17 season and (28.15 mm) in the 2017/18 season. Plots that had 4 t/ha and
8 t/ha mulch cover showed a discernible difference in soil water content across seasons
(Figure 3 a, b, c). Similar findings were reported by Kumar and Dey (2011). Soil water content
was highest in December 2016/2017 cropping season due to greater rainfall but decreased in
March due to limited rainfall (Figure 3a, b, ¢ and Table 4). The soil water content at different
soil depths (0-30, 30-60 and 60-90 cm) and mulch application rates (0, 2, 4 and 8 t/ha) are
shown in Figure 3a, b, c.

Under the four mulch treatments, 4 t/ha and 8 t/ha mulch application rate maintained higher
profile water content during dry spells, especially in the second season (2017/18). The two
mulch treatments could have reduced soil evapotranspiration during the dry periods. The soil
moisture content was the highest in the first season (2016/17) especially during the months of
December and January but decreased in the second season (2017/18) due to limited rainfall
and higher temperatures (Figure 1 and 2). The daily moisture content, at 0-30 cm depth was
the maximum under the mulched plots and minimum on the unmulched plots. The applied
mulch protected the underlying soil from incoming solar radiation and kept the soil cooler than
the unmulched plots. The low sensible heat in the mulched plots reduced soil temperature and
greater latent heat enhanced soil water content. Due to unrestricted and high surface
evaporation the soil moisture content, at 0-30 cm depth in unmulched plots was lower and soil
water content was higher than in the other treatments (Doring et al, 2005: Zhang et al, 2017:
Diaz et al, 2005).
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Table 4: Effect of mulch application rates on soil water content in growing 2016/17 and
2017/18.

Mulch Application Soil Water Content (mm)

Rate (t/ha) 2016/17 2017/18
0 30.082 20.052
2 29.53?2 23.15%
4 32.922 27.75P
8 32.212 28.15M

p-valueo.os) ns *

cVv 10.17 19.90

Means in the same column followed by the same letter are not significantly different from each
other at the 5% probability level, *Significant at p<0.05, ns = Not significant, CV=Coefficient
variation.
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Figure 3(a): Soil Water Content (mm) at 0-30 cm depth at (i) O t/ha, (ii) 2 t/ha, (iii) 4 t/ha and
(iv) 8 t/ha mulch application rates during the 2016/17 and 2017/18 cropping season. Bars
indicate standard error.
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Figure 3(b): Soil Water Content (mm) at 30-60 cm depth (i) O t/ha, (ii) 2 t/ha, (iii) 4 t/ha and (iv)
8 t/ha mulch application rates during the 2016/17 and 2017/18 cropping season. Bars indicate

standard error.

3|Page

© University of Venda




3

o

Q University of Venda
&. ) Creating Future Leaders

45
40
35
30
25
20
15
10

Soil Water (mm)

(i)

—0—2016/17

—=-2017/18

1

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Weeks

Soil Water (mm)
R, R NN W W DN
(0] o (9] o (0] o (93] o w

o

(ii)

—4—2016/17

——-2017/18

1

2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Weeks

35|Page

© University of Venda




3

o

G University of Venda
vy Creating Future Leaders

Soil Water (mm)

B R, N N W W b D
o Uuu O U O U o U1 o v

—0—2016/17
=fi-2017/18

9 10 11 12 13 14 15 16 17 18 19
Weeks

Soil Water (mm)

P R NN W W D DN
i O L1 © L1 © L1 ©

o

(iv)

—4—2016/17
==-2017/18

9 10 11 12 13 14 15 16 17 18 19
Weeks

Figure 3(c): Soil Water Content (mm) at 60-90 cm depth (i) O t/ha, (i) 2 t/ha, (iii) 4 t/ha and (iv)
8 t/ha mulch application rates during the 2016/17 and 2017/18 cropping season. Bars indicate

standard error.
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Figure 4. Average soil water content (mm) at different depths ((i) 0-30 cm, (ii) 30-60 cm and

(iif) 60-90 cm) across all mulch application rates during 2016/17 and 2017/18 seasons. Bars
indicate the standard error.
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4.5 Effect of mulch application rates on water use efficiency.

The effect of treatments in terms of water use efficiency was significant (Table 5) in both
seasons. Water use efficiency was highest at 4 t/ha mulch application rate with the 2016/17
season having the highest WUE at 24.4 kg/ha/mm and 2017/18 23.83 kg/ha/mm (Table 5).
The mulch application rate that followed with the highest water use efficiency was the 8 t/ha
mulch application rate then the 2 t/ha mulch application rate. The plots with no mulch, that is,
the O t/ha mulch application rate had the lowest water use efficiency with the 2016/17 season
having 13.23 kg/ha/mm and the second season 11.50 kg/ha/mm. The 2016/17 cropping
season had higher water use efficiency than the 2017/18 season. This could be attributed to
the 2016/17 cropping season having higher rainfall (Figure 2). It has been widely reported that
mulch increases the WUE of crops (Peng et al., 2015; Qin et al., 2015; Zhang et al., 2003),
which was the case in this study. Higher mulch application rates generally result in greater soil
water storage at planting, which can enhance the germination and growth of cowpea in dryland
farming systems but may not be enough to support yield formation and increase WUE (Deng
et al., 2006). In order to improve crop yield in a semi-arid region, one needs to improve WUE
(Shan and Chen., 1993; Zhao et al., 1995).

Table 5: Effect of mulch application rates on Water use efficiency

Mulch Application Rate 2016/17 2017/18
(tha) (kg/ha/mm) (kg/ha/mm)
0 13.23? 11.502
2 16.30% 15.43%
4 24.40¢° 23.83¢
8 24.20 22.96%°
p-valueo.os) * *
cVv 37.19 39.16

Means in the same column followed by the same letter are not significantly different from each
other at the 5% probability level, *Significant at p<0.05, ns = Not significant, CV=Coefficient
variation.
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4.6 Simulated and observed yield at different mulch application rates.

There was a good correlation of the observed and simulated yield values with an R? of 0.5 in
2016/17 and 2017/18. The internal model efficiency coefficient at 0.9 in 2016/17 and 0.9 in
2017/18 showed that the model's performance in predicting yield was good (Table 6).
MdJUAPE values of 9.3 and 7.8 were obtained for the 2016/17 and 2017/18 cropping seasons,
respectively. Model simulations of cowpea grain yield under different mulch rates were very
good for both seasons (RMSE=0.3). Approximately half of the observed variation can be
explained by the model’s inputs (R?=0.5). The model’s response of yield and biomass was
similar to those observed by Cheerco-Nayamuth et al. (2000). Modelling together with short
term field experiments can provide insights into long term system performance and variability
than field trials alone.

In order to improve simulations, there is need to improve calibration of soil-water and water
stress indices to improve the sensitivity of the model to crop water needs (Chimonyo et al.,
2016). The greater reduction in grain yield in the 2017/18 cropping season might be attributed
to exposure to higher temperatures during the grain filing period of the mulched crops. High
temperatures during this period slowed down the rate of grain filing and accelerated
senescence due to a decrease in photosynthetic activities per unit leaf area (Al-khatib and
Paulsen, 1984; Zhao et al., 2007). E;for both cropping seasons was 0.9 (Table 6).
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Table 6: Comparison of simulated and observed yield at different mulch application rates.

Yield

2016/17 2017/18

Mulch Simulated Observed Error Simulated Observed Error
Application

Rate (t/ha) (kg/ha) (kg/ha) (t/ha) (kg/ha) (kg/ha) (t/ha)

0 2165 2049 5.6 1398 1291 8.3
2 2563 2233 14.8 1997 1774 12.6
4 2779 3341 -16.8 2505 2965 -15.5
8 3777 3631 4.0 3753 3593 4.4
RMSE 0.3 0.3
MdUAPE 9.3 7.8
R? 0.5 0.5
Ei 0.9 0.9

RMSE-= root mean square error, R?>= coefficient of determination, E=modified coefficient of
efficiency and MAUAPE= median unbiased absolute percentage error.

4.7 Simulated and observed total dry matter at flowering and harvest at different
mulch application rates.

The APSIM model’s ability to simulate observed cowpea yield and total biomass was tested
under different levels of mulch application rates in both the 2016/17 and 2017/18 seasons.
The trend of the growth of cowpea in response to mulch application rates was predicted
reasonably by the model (Table 7). Similar findings were reported by Chimonyo et al. (2016).
The model indicated the impact of mulch application rates in improving crop yield. This is well
illustrated by the values between simulated and observed yields in both seasons, although the
4 t/ha mulch application rate in both seasons was predicted to produce less than the observed
yield rate with a percentage error of -16.8% and -15.5%, respectively. Dry matter at harvest

reported R? values of 0.5 for both seasons. This indicates that at least half of the observed
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variation can be explained by the inputs of the model. Both cropping seasons had an Ei value
of 0.9 (Table 7), indicating that the model is better than the baseline comparison (usually the

observed mean)

Overall, the model simulation of dry matter at flowering at different mulch rates was deemed
satisfactory. Predictions were well suited; the model in general predicted the trend of dry
matter at flowering, dry matter at harvest and yield under different mulch rates well (Table 7
and 8). The RMSE for dry matter at flowering in 2016/17 was 0.2 and 0.2 in the 2017/18
cropping season. The R? was 0.5 and E; in both seasons were 0.9 for both dry matter at
harvest and flowering. MAUAPE was 4.5 in the 2016/17 cropping season and 5.3 in
the2017/18 cropping season. Small deviations were noticed in dry matter at flowering, yield
and total dry matter were observed in both seasons. This could be attributed to the weather
data in the parameterization of the model. The weather station closest to the field site broke
down and the nearest one was used for weather data, which means the weather data wasn’t
exactly the same as that found by the experiment site, thus impacting the data generated by
the model.

There was an underestimation of dry matter by the model at flowering as well as grain and
total dry matter yield in both seasons, at 4 t/ha mulch application rate, with the simulated and
observed data having a higher gap at harvest. The simulated trend was not like that observed
in the field. This can be attributed to the weather data which was taken at the experimental
site. However, the results showed a good performance in terms or r?, E; and MdUAPE, of
APSIM-Cowpea model during evaluation and validation under the given set of conditions. The
difference between simulated and observed yield, dry matter at harvesting and flowering stage
at 4 t/ha mulch application rate could be attributed to the overestimation of biomass and

subsequent yield.
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Table 7: Comparison of simulated and observed dry matter at harvest at different mulch

application rates.

Total dry matter (kg/ha)

2016/17 2017/18

Mulch Simulated Observed Error Simulated Observed Error
Application

Rate (t/ha) (kg/ha) (kg/ha) (t/ha) (kg/ha) (kg/hay) (t/ha)

0 8534 8411 15 7525 7793 -3.4

2 9205 9303 -1.1 8056 7629 5.6

4 9876 9976 -1.0 8587 8691 -1.2

8 11218 11144 0.7 9650 9706 -0.6
RMSE 0.3 0.4
MdUAPE 0.07 0.02
R? 0.5 0.5
Ei 0.9 0.9

RMSE= root mean square error, R?>= coefficient of determination, E=modified coefficient of
efficiency and MAUAPE= median unbiased absolute percentage error.
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Table 8: Comparison of simulated and observed total dry matter at flowering at different
mulch application rates.

Dry matter at flowering (kg/ha)

2016/17 2017/18
Mulch Simulated Observed Error Simulated Observed Error
Application
Rate (t/ha) (kg/ha) (kg/ha) (t/ha) (kg/ha) (kg/ha) (t/ha)
0 245 242 1.4 206 178 15.3
2 268 261 2.8 241 257 -2.0
4 291 309 -5.8 287 344 -13.6
8 338 331 2.1 389 365 6.7
RMSE 0.2 0.2
MdJUAPE 4.5 5.3
R? 0.5 0.5
Ei 0.9 0.9

RMSE= root mean square error, R?>=coefficient of determination, E=modified coefficient of

efficiency and MAUAPE= median unbiased absolute percentage error.
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CHAPTER FIVE

5. Conclusions and Recommendations

5.1 Conclusion

The study concludes that application of mulch is very crucial in improving cowpea growth and
yields. The results showed that mulch application rates affected cowpea yield, dry matter at
harvest, water use efficiency as well as the soil water content, although, there were no
significant differences for dry matter. The effects of the four mulch treatments on cowpea
varied across seasons. Mulch was able to improve soil water availability. The 4 t/ha and 8 t/ha
mulch application rates had higher grain yield and total dry matter in both seasons, whereas
the control, 0 t/ha mulch yielded the least. Only yield was significantly different in both
seasons. Dry matter had no significant difference at harvest and flowering stage. The higher

crop yield can be partly attributed to increased soil water content due to mulch application.

Seasons influenced grain yield, total dry matter, water use efficiency and soil water content.
The first season had above average rainfall while the second season was drier. The
implication of this is that Vhembe is not a wet area but a semi-arid area where most farmers
practice rain-fed agriculture. The yield difference between our findings and the annual world
average (3 million tons) can be attributed to differences in rainfall amount, varieties used, soil

fertility of the sites and the general agronomic practices where the cowpea was grown.

The APSIM-Cowpea model was able to simulate grain, total dry matter and soil water content
with great accuracy. The model APSIM gave reliable simulations of yield, dry matter at
flowering stage as well as dry matter at harvest under different mulch applications. The model
can be used to guide smallholder farmers on mulching and its benefits to agricultural
production in Vhembe district. Nevertheless, several model inputs will need to be determined

with accuracy, such as minimum data sets for soil and weather data of the whole district.

5.2 Recommendations

Further studies are required to look at the simulation of APSIM-Cowpea production and the
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long-term scenarios as well as the models’ simulation of mulch effects at different application
rates. Improvements in the performance of the model APSIM can be enhanced if it is able to
capture extreme events. Although costly and labour intensive, field trials should be set up
considering seasonal rainfall conditions, using the best, second best and worst possible sets
of management practices in order to determine the influence on cowpea yield. Further studies
should focus on setting up APSIM for soil types, cultivars and crops grown in different parts of
South Africa.
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