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ABSTRACT

Smallholder farming communities of northern Namibia are generally cash-constrained
and theyare situated in marginal areas where poor soil fertility and land degradation are
predominant. They find it difficult to purchase mineral fertilizers and herbicides. There
is therefore a need to identify cropping systems that are affordable and can improve their
productivity. The integration of green manure cover crops (GMCCs) as rotational crops
has been investigated to great lengths in Latin America and reported to improve
productivity but information on their use is still scarce in Namibia. Two experiments
were set up at two sites, Mashare Irrigation Training Center (MITC) and Liselo
Research Station (LRS) having contrasting soil types to investigate the effects of
rotating pearl millet and maize with different GMCCs on pearl millet, maize
productivity and weed populations over two seasons 2016/2017-2017/2018. In the first
experiment, nine different GMCCs were rotated with pearl millet, while maize was
rotated with nine GMCCs in the second experiment and their effects in the succeeding
season were compared with pearl millet and maize monocropping. At MITC, the highest
total weed density was observed in the pearl millet-pigeon pearotation treatment with
3500 weeds ha! in season 1, P=0.0371 and 6400 weeds ha™, P=0.0451 in season 2. The
lowest weed density was observed in the pearl millet-lablab treatment with 1300 weeds
hatand P=0.0371 in season 1 and 2100 weeds ha™and P=0.0451 in season 2. At LRS,
the highest total weed density was observed in the maize-pigeon pearotation treatment
with 3200 weeds ha*and P=0.0433 in season 1 and 3300 weeds ha™and P=0.0198 in
season 2. While, maize-velvet bean rotation treatment had the lowest weed densities of
900 weeds hatand P=0.0433 in season 1 and 1000 weeds haand P=0.0198 in season 2.
Lablab gave the highest biomass yields as high as 12 t ha™ both seasons P=0.5929, P=
0.4820 at MITC and at LRS velvet bean yielded up to 10 t ha* and P=0.9143 in season
1. The highest plant available nitrogen was produced by jack bean (900 ppm) and
P=0.0000 at LRS. Maize grain and biomass yields were significantly P=0.0172affected
by different rotations at LRS in season two with maize after maize monocropping
attaining the least grain yield of 2.4 t ha’. In conclusion, rotating pearl millet and maize
with cover crops has more noticeable benefits as compared to monocropping and no
cover crop could offer all benefits hence this call for identification of niches and a
suitable cover crop for that specific niche.,

Key words: Conservation agriculture, cover crops, green manure, crop rotation, weeds
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background of the study

The world’s population is expected to have more than tripled by the year 2050 yet the
current agricultural production is not able to sustain the present-day population (FAO,
2009),Smallholder farmers in sub-Saharan Africa (SSA) are failing to produce enough
food due to poor soil fertility and land degradation (Tittonell et al., 2012). Most of the
smallholder farmers are dependent on agriculture for food and hence affected by these
problems triggered by poor investment and downgraded agricultural landscape (FAO,
2013b).The SSA poorest people depend on small scale farming as their only source of
food and in a contest to feed the ever growing population, unmaintainable human
activities have caused increased burden on the land resulting to the degradation of the
land, such as the tilling of the land with no plans to preserve the soil (Bogdanski,
2012c). The food production per capita in Africa has been reported to be declining over
the past 50 years (FAO, 2012).Furthermore, food security among small scale farmers in
Southern Africa remains moderately low due to the low implementation of enhanced
knowledge and technology such as fertilizer, improved pearl millet (Pennisetum
glaucum (L) R. Br), maize (Zea mays L.) seeds, legume varieties and soil degrading

cropping practices (Thierfelder, C., Cheesman, S., Rusinamhodzi, L., 2013).

In the report by FAO (2009), Namibia was named as the driest country south of the
Sahara desert and the country experiences unbalanced drought and floods. FAO further
reported that, although Namibia is rich in natural resources, water, which is a
prerequisite for human, animal and plant life is in short supply. FAO (2014) also stated
that, the devastating two main features of Namibia’s climate are the scarcity and
irregularity of rainfall. The mean annual rainfall in the country ranges from less than 50
mm per annum in the western region along the coastline to a maximum of 700 mm per
annum in north eastern Zambezi (Derpsch, 2008). Only 8% of Namibia’s total land area
receives rainfall of 500 mm per annum or above, and in broad-spectrum the rainfall is

uneven throughout most parts of the country (Heyns, 1991).
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Figure 1: Average annual rainfall in Namibia (Source: FAO, 2013b).

Mc Donagh & Hillyer (2003) stated that Namibian soils are sandy, stony and shallow,
with low organic matter, clay content, and with a low water retention capacity. They
further indicated that most of the Namibian soils lack most of the important nutrients
especially phosphorous and nitrogen. In the face of climate change to which humans
play a big part, the challenge for Namibian crop farmers is to end further degradation of
the soil (FAO, 2014). This challenge is increased by the fact that the vast majority of
the farmers’ are currently practicing conventional cultivation practices (CP) which are
also contributing vastly to poor soil fertility, water retention capacity and compaction of
the soil (Derpsch, 2009).



Kaurivi, J. Z. U., Meroro, A., Mudamburi B., & Namalambo, E. (2010) reported that in
the customary Namibian agricultural set-up, pearl millet is the main staple crop in
northern, central and eastern farming communities, while in the Zambezi Region, maize
is the predominant staple crop. Both are rarely complimented with other vegetables, in
the food habits of Namibians. Agricultural production in this arid country is hindered by
low and unreliable rainfall and naturally poor soils Kuvare, U, Maharero, T and
Kamupingene, G. (2008). However, despite the marginal (5.1%)contribution of
agriculture to the Gross Domestic Product (GDP), the sector supports over 70% of the
country's population (FAO, 2014).The main contributing factors to food insecurity and
under-nourishment are the high poverty rate, inequality of the income distribution, and
the predominance of the HIV/AIDS pandemic. Other comprehensive factors affecting
small scale farmers in the country include: prolonged drought and subsequently leading
to water shortages, which results in the death of farmers livestock and total crop failures,
prevailing soil erosion and land the continuers soil degradation, lack of fertile
agricultural land and isolation from of smallholder farmers from the local and
international markets, limited income making opportunities, limitations on women to
own land and properties, and lack of application of suitable and sustainable government
agricultural policies (FAO, 2014).

In rural Namibia, the majority of the population is affected by a combination of low
food production yield, food insecurity and sustainable living condition challenges (FAOQ,
2012b). This is caused by low agricultural output as a result of deteriorating soil quality
and unsustainable cropping systems (Donovan and Casey, 1998; Mupangwa &
Twomlow, 2000). High population densities and low investment in the agricultural

sector have led to complications of land degradation and poverty (Whitlow, 1987).

Most smallholder farmers in Namibia still use the traditional moldboard plough and the
hand hoe for land preparation in their agricultural set-up and this farming system, and
type of farming is known as conventional tillage (Baudron et al., 2001). Conventional
tillage involves the overturning of the soil at the beginning of the season for planting
purposes, and to control weeds in the same season in order to control weeds (Muza et

al., 1996). The main reason why these small scale farmers turn over the soil at the



beginning of the season is the easiness with which the practice controls weeds, since
weeds are buried, leaving the fields clean (Muza et al., 1996).Farmers also till the land
to bury crop residues since. This allows the incorporation of crop residues in the soil,
and it also helps with the decomposition of the residues faster hence leading to faster

nutrient discharge and organic matter build-up (Kriauciuniene et al., 2012).

These conventional land preparation practices have resulted in the disturbance of the
soil, and change the soil structure negatively, leading to soil erosion, soil compaction
and a reduction in the yields (Thierfelder & Wall, 2010). With the increasing threat of
climate change, the test today is to find sustainable, ecological ways to increase
agricultural productivity in order to meet the demands of the ever growing population.
In this context, Conservation Agriculture (CA) is fascinating the farming community
based on perceptions that it has the potential to moderate the impacts of climate change
on farm productivity, reduce the loss of important rainfall and conserve the top soil,
adapt more efficiently to hostile weather conditions, improve the health standard of their

soils, and reduce the labor and input costs (Teasdale et al., 2007).

The Namibian government Vision 2030 and the fourth Namibian development plan have
put pressure on the Government of the Republic of Namibia (GRN) to initiate programs
and projects that promotes food security, both at national and household levels (Kuvare
et al., 2008). The Vision provides a plan for the growth of the country and it identifies
the long term national vision for the country, an inclusive cohesive vision that will assist
to direct the country’s five-year National Development Plans (NDP) i.e. NPD2 to
NPD7. Currently, the Namibian Government has implemented the NDP5 and one of the
NDP’s main development goals is the eradication of poverty by coming up with
sustainable agricultural practices, such as Conventional Agriculture (CA). It is clearly
illustrated in NDP4 that the land should be used sustainably, in order for it to contribute
significantly towards food security at household and national levels, and contributing
towards sustainable growth of the Namibian economy, whilst maintaining and
improving land capability (FAO, 2009).CA can help to increase crop yields and
therefore be able to get rid of poverty and hunger among smallholder farmers in the
country (FAOQ, 2012c).



FAO (2002) defines CA as a model for resource-saving agricultural knowhow that
attempts to achieve acceptable profits together with high and sustained production levels

while at the same time conserving the environment.
CA can be better explained as a crop management system based on four basic principles:

* Minimum soil disturbance (i.e. disturb the soil as little as possible) or no soil

overturning during tillage at all;
« Permanent soil cover with crop residues and/or living plants;
« Crop rotations to prevent pest and diseases or intercrop and rotate crop; and

For the benefits of CA to be fully realized, the system should be adopted as a full
package rather than adopting some of the principles (FAO, 2013a). Thierfelder & Wall
(2010) argue that CA has been reported to improve soil properties, which include
increasing soil bulk density and macro porosity, reducing soil erosion, decreasing
production costs and over-all improving the crop yields. However, challenges related to
mulch retention, nitrogen management and weed control have contributed to the slow
implementation of CA as a full package by small scale farmers (Thierfelder & Wall,
2008). There appears to be a competition in the use of mulch, between its uses as ground
cover and as livestock feed, leading to less than sufficient residue amounts being left for

ground cover (Dubreil, 2011).

Brazil has been reported as the country with the longest experience with CA in the
world (Bolliger et al., 2006). Ever since the 1970s, Brazil took advantage toward
adopting CA when herbicides and direct seeding technology became available in the
United States of America (USA), by sending their farmers to the United States to learn
about different soil conservation technologies and management systems. Interest groups
were established amongst large scale farmers and then later with small scale farmers.
CA adoption in Brazil has grown over the years or emerged above all as a result of
farmer modernization of the system together with problem-solving support research and

extension organizations (FAO, 2013a).



In Argentina, CA has been found to be a suitable alternative to conventional tillage
agriculture, and has proven to be more environmentally friendly, maintaining yields and
reducing production costs without harming the environment. Most favorable
observations were noticed when it includes not only minimum tillage, rotations and
cover crops but also the incorporation of insect pest and disease management and
nutrient refurbishment. It has been reported that agronomic ecosystems were no longer
vulnerable and productive areas have been extended without experiencing some
common risks. In addition, soil improvement has increased due to better chemical and

physical composition of the soil fertility and more efficient water usage (FAO, 2008a).

Thierfelder et al., (2008) reported that there has been an increase in the number of small
scale farmers’ uptake of sustainable agriculture in SSA, over the past two decades, that
includes the practice of CA. A number of farmers can start practicing this improved
farming technology if there is advanced access to manufacturing inputs especially
improved seeds and fertilizers, extension and advisory and profitable markets (Tittonell
et al., 2012). There is enough evidence from a number of pilot studies and projects done
in the sub-Saharan region that the interventions of CA can indeed achieve remarkable
results within a 2-3 year period, especially if access to financing to acquire inputs and
farmers’ establishments are also improved. These are important interventions that every
African government should take up in order to fast track what can uniquely become the
African Green Revolution, one that not only increases smallholder agricultural
productivity but also conserves the environment (Teasdale et al., 2007a).

A number of challenges experienced in CA such as the retention of mulch, nitrogen
management and weed control have contributed to the slow adoption of CA as a full
package by small scale farmers’ (Thierfelder & Wall, 2008). It was reported that, there
appears to be a competition in the use of mulching material, between its uses as ground
cover and as livestock feed, leading to less than enough residue amounts being left for
ground cover (Dubreil, 2011). Different researches suggested a number of different
approaches, to make sure that enough availability of residues for both ground cover in
maize-based and pearl millet systems and livestock feed. This includes the rotations

with leguminous or non-leguminous green manure cover crops (GMCCs) and/or fodder



crops (FAO, 2012c). In pearl millet and maize-based systems, this could be delay in the
planting of these GMCCs and/or fodder crops at a time when the cereal crop starts to
die, or rotating them with pearl millet/maize. However, in instance where arable land is
of limited quantity small scale farmers would not find it practical to practice crop
rotations with GMCCs that do not yield consumable grain materials and have limited
markets (Thierfelder et al., 2012). In such cases, farmers may start incorporating grain
legumes in their farming system, but only those legumes which contribute to food
security while at the same time adding nitrogen to the cropping system should be
considered e.g. pigeon pea. Farmers can also start to incorporate GMCCs as relay crops,
which only make use of a small portion of the main season without completely replacing

the main crop.

Nitrogen is a very important macro nutrient and it has a direct impact on both the
legume and cereal crop yield, so its management is significant in smallholder farming
unit (Uchida, 2000). Nitrogen can be added to the cropping systems in the form of
mineral or chemical fertilizers and sufficient supplies of these mineral fertilizers to pearl
millet and maize-based systems under CA is an important measure to ensure improved
crop yields in SSA (Vanlauwe et al., 2014). With respect to nitrogen management in
Namibia, fertilizer consumption by smallholder farmers is low due to the high prices and
usually inaccessibility of these mineral fertilizers by small scale farmers (Mapfumo, P.,
Mtambanengwe, F., Vanlauwe, B, 2007) leading to low crop yields. There is need to
come up with affordable soil preparation practices that can add nitrogen to pearl millet
and maize cropping systems for the poor smallholder farmers who cannot afford mineral
fertilizers or herbicides. This will then include the rotating of pearl millet and maize
with good quality leguminous green manure cover crops (GMCCs) or fodder crops
which fix atmospheric nitrogen biologically and have a low C: N ratio which
subsequently leads to a timely release of nitrogen into the soil (Olofsson & Oksanen,
2000; Gentile et al., 2009).

The management of weeds have been reported to be one of the main challenges that is
experienced by smallholder farmers have adopted and practicing CA. This was

especially observed in the first three years of adopting the CA farming system (Goeb,



2013). A reduction in soil tillage exposes weed seeds to a number of weed inducing
factors, such as predation of birds and this can lead to the depleting weed seeds in the
weed seed bank (Mall and Singh, 2014). A reduction in the tillage of the soil can be
quite weed infested and a number of authors have suggested that conservation
agriculture promotes perennial grasses (Gan et al., 2008). In addition. They also argue
that small seeded weeds have a higher chance of emergence in a minimum tillage
farming systems, the reason being that weed seeds are not buried deep in to the soil, to a
substantial depth that can inhibit their emergence (Légere et al., 1993).

The variations in weed dynamics, when farmers move to reduced tillage necessitate the
smallholder farmers to be more knowledgeable of the new weed species that may
emerge in their new farming system in order to be able to control them effectively
(Derpsch & Friedrich, 2008). Some commercial farmers under CA have decided to turn
to the use of herbicides in in order to control weeds in the first three years of adopting
the system. However, synthetic herbicides are expensive and normally not affordable
nor accessible to the poor small scale farmers (Wall, 2007). The use of herbicide may
also be risky to the less knowledgeable farmers and they may also pose a risk to the
surrounding environment (Reganold, J.P., Glover, J.D., Andrews, P.K., Hinman, H.R,
2001). The use of a hand hoe, which is the most common weed control mechanism
known to most smallholder farmers is seen as the answer to their weed challengers,
however, it is labour intensive, yet labour is a limited commodity in the smallholder
farming set up due to the unavailability of young and able bodied, as most of the young
people migrate to towns and cities, leaving the old people and the younger kids to work
the land, leading to untimely weeding hence low yields (Mandumbu, R., Jowa, P.,
Karavina, C., Tibugari, H, 2011).

Indeed, there is need to identify a number of different strategies that can provide
assistance to weed management while being less laborious and more much more
affordable to the poor smallholder farmers. This will there include the use of GMCCs
either as live crops or the use of their residues. According to a number of literatures,
GMCCs such as sunnhemp (Crotalaria juncea) and velvet bean (Mucuna pruriens) have

been reported over the years to have an oppressive effect on different weed species,



these cover crops either produce allelochemicals that kill the weeds or they have a
vigorous growing habit, that allows them to compete for essential growth elements with
the different weeds in their surrounding (Teasdale et al., 2007). In addition, GMCCs
also have a smothering effect on the weeds, which can lead to the depletion of the weed
seed bank, eventually leading to fewer weeds species (FAO, 2010). The advantage or
the potential of GMCCs as rotational crops is known, however strategies for the actual
integration of these cover crops into the CA systems of southern Africa to contribute to
the supplementation of nitrogen, biomass supplementation and weed smothering needs
to be investigated. Research needs to be formulated and conducted to optimize the use

of these cover crops in smallholder CA systems of southern Africa.

1.2 Statement of the problem

Smallholder farmers in north-central and north-east Namibia attribute their pearl millet
and maize yield losses to weed competition and poor soil quality (Kuvare, U, Maharero,
T and Kamupingene, 2008). These farmers are generally cash-constrained and situated
in marginal areas where poor soil fertility and land degradation are predominant. It is
then difficult for these smallholder farmers to purchase mineral fertilizers and herbicides
(Mhlanga, B., Cheesman, S., Maasdorp, B., Mupangwa, W., Thierfelder, C, 2014).
There is a need to identify cropping systems that are affordable and can improve their
productivity. This study will investigate different weed control measures, using different
cover crops which have the potential to suppress weed growth, while improving the soil
nitrogen content (Kaurivi et al., 2010).

1.3 Objectives

1.3.1 Overall objectives

The purpose of this study was to evaluate the effectiveness of different leguminous and
non-leguminous GMCCs/ fodder crops, grown in rotation with pearl millet and maize, in
ensuring suitable residue cover and significant fodder supply and to quantify their
effects on pearl millet, maize productivity and weed suppression under CA.



1.3.2 Specific objectives were to:

1. Determine the effect of different GMCCs on weed suppression;

2. Determine the weed species diversity, evenness and richness in the various GMCC

treatments;
3. Evaluate the effect of GMCCs on plant-available soil nitrogen (PAN); and

4. Assess the effects of GMCCs on above-ground biomass and grain production of pearl

millet and maize crops.

1.4 Hypothesis
Hol=There is no significant difference on the effect of different GMCCs on weed

suppression.

Ho2= There is no significant difference on the weed species diversity, evenness and

richness in the various GMCC treatments.

Ho3= There is no significant difference on the effect of the different GMCCs on the
plant-available soil nitrogen (PAN).

Ho4= There is no significant difference on the effects of GMCCs on above-ground

biomass and grain production of pearl millet and maize crops.

1.5 Significance of the study

Herbicides and mineral fertilizers are not commonly used. They are not easily available
in rural areas and knowledge about safe use is lacking. The use of cover crops to
suppress weeds and at the same time improve the soil quality can be an interesting
alternative to successfully reduce the costs of labour and the cost incurred by using
chemicals or mechanical practices. Furthermore, this cover crop method is organic and
does not have negative environmental impacts. In addition leguminous green manure
cover crops can contribute to improving the soils nutrient content, reducing the need for
other inputs, thereby increasing land productivity and crop output. The study intends to
help farmers that are converting from conventional agriculture to conservation

agriculture.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 The State and Possible Causes of Food Insecurity in Namibia

The Namibian economy mainly depend on the agriculture sector and the sector
contributes 6-10% to the country’s gross domestic product (GDP) (NSA, 2014). The
Namibian agricultural sector is classified as a subsistence farming sector, hence the
smallholder productivity is very low compared to that of large scale commercial
farmers’ (Kuvare et al., 2008). In rural Namibia, household food security is obtained
from different sources, such as; the domestic food production from farmers’ fields, food
purchased or sourced from super markets and wholesalers, the government feeding
programs and also bartering with neighbors (FAO, 2012). (Kaurivi et al., 2010) reported
that the yields of pearl millet (Pennisetum glaucum) production on small scale farms are
at about 250-400 kg ha* per annum. Equally important, the Namibia Early Warning and
Food Information System (NEWFIS, 1993) estimates that the average pearl millet yield
to be between 225 and 350 kg ha per annum. On the other hand, the average maize
yield for subsistence farmers was also estimated to be ranging between 500-550 kg ha™
in the 2008/09 season, while an average yields of 3.87 t ha in the commercial sector
was recorded (FAO, 2009).

The State of Food Insecurity in the World (2015) reported that around 40 %the
Namibian population was estimated to be susceptible to food shortage in Namibia, and
according to (FAO, 2009) 42.7% of the population was undernourished in 2014. The
Global Hunger Index which is responsible for the measure of hunger levels of the
world’s countries in 2014 ranked Namibia at position 51 out of 120 countries. NSA
(2015) also claimed that from the 2013/14 Census of Agriculture, 76 % of the small
scale rural family unit were reported to have experienced food shortages. A large
number of these households experienced a major food unavailability in the month of
January than any other month of the year. NSA (2015) also argues that the loss of crops
experienced by smallholder farmers was mainly due to drought, soil erosion, floods,

poor weed management, soil degradation and climate change. A considerable large part
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of the Namibian population depends on small scale agriculture and low or no wages for
its existence (IFAD, 2015).

The Ministry of Health and Social Services (MoHSS, 2014),reported that Namibia had
an adult HIV predominance rate of about 18.8% in 2010, and the country was rated
among the top 10 countries with the uppermost HIV incidence rates in the world. It was
also estimated that 178,000 people were living with HIV in the country, among which
some 14,000 children below the age of 15 (MoHSS, 2008). According to National HIV
Sentinel Survey (NHSS, 2014) the overall HIV prevalence of 16.9% in 2014 signified a
small decline from 18.2% in 2012. The United States Agency for International
Development (USAID, 2004) report also argues that poverty, unemployment and
HIV/AIDS remain the main causative factors towards hunger and starvation in the
country. The USAID report also reported that the high prevalence rates of HIV in urban
areas or towns and regions with a significantly high population number and high
dependency on rain-fed agriculture, the way it is managed very important towards food
security in the country, especially when it comes to HIV/AIDS which is known to have
an intense effect on the food production and marketing in the country. FAO (2009) also
argues that in spite of Namibia being classified as an upper-middle income country, a
GINI coefficient of 0.58 makes income distribution in the country to be one of the most

unequal civilizations in the world.

FAO (2015) reported that women make up more than half of the labour required to
produce the food consumed in sub-Saharan African countries and perhaps 75% of the
labour for food in developing countries. According to the Vulnerability Assessment
Committee (VAC, 2011) in Namibia the crop production sector is about 60 to 80%
controlled by women, while men dedicate the majority of their time primarily looking
after their livestock, or moving to towns in urban areas in looking for jobs. FAO,
(2013b) reported that Namibia is among the seven African countries that have not
accomplished their post-2015 sustainable development goals in terms of food security
with 42.3% of the Namibian population reported to be malnourished. FAO (2015) also
reported that the eradication of the persistent malnutrition by the year 2030 is an

important component of the suggested Sustainable Development Goal 2 of the new post-
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2015 agenda to be implemented by the numerous unindustrialized countries. It is also
national knowledge that even his Excellency the President of the Republic of Namibia,
Dr Hage Geingob, has declared war on poverty. However, cereal production over the
past decade has decreased relentlessly due to climate change and wide spread period of
dry weather conditions. VAC (2011) reported that the climate change which led to a
decline in cereal food production and poor livestock conditions triggered an increase in

the number of people in need of food assistance in 2015/16.

In the smallholder farming sector in rural Namibia, the soil quality is affected by soil
erosion and the leaching of plant nutrients due to the exhaustive conventional soil
preparation practices that leave the soil structure detached, increasing organic matter
mineralization and resulting in poor soil structure (FAO, 2002). FAO (2009) assertions
that poor crop rotations, deforestation and removal or burning of crop residues results in
insufficient vegetation cover which leads to unsuitable reparation of organic matter or
soil plant nutrients. In addition, tillage has always been used in agricultural production
but has been proven to be harmful to the land due to the continuous turning over of the
soil when using a mould-board plough (Givens et al., 2009). Moreover, when the land is
ploughed, the soil is disturbed, inverted and broken up burying crop residues leaving the
soil bare and susceptible to soil erosion. The continuous ploughing creates plough pans
which impede good root development leading to a decline in yields (Shetto, 1999).
Furthermore, smallholder farmers face quite a lot of challenges when it comes to
mineral fertilizer consumption which is normally low due to the high unaffordable
prices of synthetic fertilizers (Mashavave, 2003). Hence, there is a need to focus on
justifiable crop production practices that aim at improving crop production techniques,
while at the same time improving soil fertility and also improving the environmental
protection (Mazvimavi, K., Nyathi, P., Murendo, C, 2011). One of the suggested
possibility to these unfavorable practices is conservation agriculture (CA) (Kuvare et al.,
2008).
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2.2 Conservation Agriculture (CA) —Origin, definition and principles
2.2.1 Definition and principles of CA

Reicosky (2015) states that the first use of the term “conservation agriculture” (CA)
originated from a Latin American Network for Conservation Agriculture Tillage
meeting that was held in Morelia, Michoacan, Mexico, in 1997. Since then, CA has
become a universal term that includes a package of farming techniques that broadly
enhance the agricultural production by improving the soil fertility, while at the same
time conserving the soil moisture, decreasing erosion, and aiming at the solicitations of

soil enhancements.

FAO (2014) claims that, CA aims to conserve, improve and make use of natural
resources more efficiently through interconnected management of the available soil,
water and biological means combined with external inputs. It contributes to
environmental conservation as well as to better-quality and sustained agricultural
production. CA is defined as a system involving minimum or no mechanical soil
disturbance, permanent soil cover, and cover crop diversification (FAO, 2014). CA is
defined as an integrated system concept based on three key pillars: Continuous mulch
retention on the soil surface; continuous minimum soil disturbance (zero or no-tillage);
and diverse crop rotations and cover crop mixes (Kassam & Friedrick, 2009; FAO,
2009; Friedrich et al., 2012).Conservation agriculture is only effective when used as a
full package paying attention to the application of all principles rather than
implementing only one of the principles and by good timing of all procedures (ZCATF,
2009).

2.2.1.1 Minimum soil disturbance

The minimum tillage system technique should not to be confused with other forms of
Conservation agriculture Tillage systems that disturb the soil surface slightly. In CA, the
area that is disturbed should not be wider than 15 cm or 25 % of the cropping area

(ZCATF, 2009). Crops are planted by opening slight bands only to achieve proper seed
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coverage is used (FAO, 2013a). Tillage methods such as ripping, direct planting and
basin planting are used to achieve minimum soil disruption.

2.2.1.1.1 Ripping

Ripping is done using a ripper, which is a chisel-shaped animal- or tractor- drawn
appliance. A ripper opens thin furrows that are about 5-10 cm deep. A ripper is a
modern plough but with a tine attached to it instead of a mouldboard and does not turn
the soil over like the mouldboard plough (Sims et al., 2012). Ripping is done usually
when the soil is dry and sowing of seed can be done either by hand or by a planter
attached to the appliance (FAO, 2012c). Examples of rippers that are available on the
market are the Baufi and the Magoye ripper.

Source: (FAO, 2014)

Figure 2: Baufi ripper
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Figure 3: Magoye ripper

Source: (FAO, 2014)
2.2.1.1.2 Direct planting

Direct planting can be done using different equipment’s which include the jab-planter,
Li seeder and animal- and tractor- drawn direct seeders (e.g. Fitarelli direct seeders). A
jab-planter is a hand operated instrument, designed in Brazil with two sections. The
compartments hold fertilizer and seed and are both mounted on a wooden frame. The
jab-planter has two tips that are cut at angles to allow it to cut into the soil when planting
(Aikins, S.H.M., Bart-Plange, A., Opoku-Baffour, S, 2010). When pushed into the soil,
the jab-planter creates a hole enough to accommodate seed and fertilizer. The jab-
planter is opened by pulling the handle sideways to drop the seed and fertilizer through
the two tips at the same time, and lifted again to cover the seed hence attaining
minimum soil disruption (Ngwira, A.R., Thierfelder, C., Lambert, D.M, 2012). A Li
seeder is a Chinese established hand hoe shaped instrument with two tips, the fertilizer
and seed outlets. A Li seeder has a hollow handle to hold seed and a bag to hold
fertilizer attached to the fertilizer outlet by a feeding pipe. The Li seeder has a pendulum
bob that opens the seed and fertilizer tips when the seeder is pushed into the soil (FAO,
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2013b). The Happy seeder and the Turbo seeder are tractor-drawn seeders that can be
used to achieve minimum soil disturbance in conditions where there is loose or

unfastened crop residues (Jatet al., 2010).
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Figure 4: The Li seeder®.

Source: (FAO, 2013b).

2.2.1.1.3 Planting basins

Planting basins can be prepared using a hand hoe (Nyanga, P.H., Johnsen, F.H. akon,
Kalinda, T.H., 2012, 2012). The preparation of planting basins is done by digging holes
of the size enough to only hold the seed and fertilizer. Planting basins can be used for
many crops including pearl millet, maize (Zea mays L.), groundnuts (Arachis hypogaea
L.), and sorghum (Sorghum bicolor L.) Moench) etc. (Twomlow et al., 2008). Row and
station spacing of basins and their depth are important features and they depend on the
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crop being grown. Basins should be done on the same lines each season so it is
important to do them correctly the first time they are done (ZCATF, 2009). Planting
stations can also be prepared using a simple dibble stick to seed into the uninterrupted
soil (Campbell, 1990).

2.2.1.2 Permanent soil cover

One of the main pillars of CA is the ability to maintain permanent soil cover. This can
be achieved by the retaining of crop residues, use of cover crops and practice of
agroforestry (Abrol, I.P., Gupta, R.K., Malik, R.K, 2005). The organic soil cover can be
categorized in to three categories of ground cover which are 30-60 %, > 60-90 % and >
90 %; and CA requires soil cover of more than 30 % this is measured soon after direct
planting (FAO, 2013a). In cases where crop biomass is insufficient to provide a 30 %
soil cover or more, grass or leaves can be imported into the field for residue retention
(Mazvimavi et al., 2011). To achieve improved soil cover there is a need to categorize
crops that have high biomass production abilities and produce residue that has a high
carbon-to-nitrogen ratio that decompose slowly in the field and select a crop system that
retains the residue cover e.g. use of winter cover crops (Mc Carthy, J.R., P fost, D.L.,
Currence, D.H, 1993).

2.2.1.3 Diversification of crop rotations and plant associations

The rotations of crops and plant relations are an important part of CA for the full
benefits of CA system to be appreciated. Cover crop rotations and plant associations in
pearl millet and maize-based systems are preferably with legumes (e.g. Crotalaria
ochroleuca G.) which have the potential to add nitrogen into the system due to their
biological nitrogen fixation (BNF) ability (FAO, 2010). For small scale farmers, grain
legumes like cowpea (Vigna unguiculata (L.)) and pigeon pea (Cajanus cajan L.) are
mostly favored because, in addition to their nitrogen influence, they also assist to food
security to the resource constrained smallholder farmers (Thierfelder et al., 2012). There
is a need to intercrop in order to reduce competition and avoid the build-up of pests

between the associate crops. An example of an intercropping system planned to reduce
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competition is a system called “MBILI”. This system is mainly practiced mainly in
Kenya (Woomer et al., 2004). In this system, every other maize row is staggered by 25
cm and the maize and legume are planted as combined rows resulting in reduced
competition but the same expected plant populations. A system called relay cropping
may also be practiced to reduce competition between the associate crops. In this system
another crop is added into the system when the leading crop is about to die or when it
has reached a stage that will not lead to competition between the crops hence yield is
improved in the end (Jones et al., 2010).

2.3 Benefits of CA

CA has been proven to increase crop yields while at the same time conserving the soil
and water at a cheap operation costs in many different agro ecological zones (FAO,
2001). In addition, CA has been revealed to be useful in the production of different
crops including pearl millet, maize, groundnuts, sunflower, potato etc. Minimal tillage
has the prospects of eliminating the on-farm and off-site effects of tillage which are
organic matter loss, compaction, soil erosion etc. (Dumanski et al., 2006).

One of the main emphasis is the promotion of the disturbance of soil only where seed
and fertilizer will be planted. Minimum soil disruption promotes many benefits to both
the farmer and the environment. The disturbance of the soil surface is reduced, therefore
leading to reduced wind, water erosion and reduced disruption of the soil micro fauna
that are involved in mineralization of organic matter (ZCATF, 2009). Minimum soil
disturbance is less energy intensive compared to conventional tillage and hence more
affordable to the smallholder farmer (Shetto, 1999). A research study that was done in
Brazil revealed that minimum tillage with tractors can save an estimated 6.4 litter/ha of
diesel oil and a total energy budget decrease of 25 litter/ha of diesel oil the same per
hectare (Fernandez et al., 2008). At small scale farmer level, minimum soil disturbance
has been reported to eliminate fees for hiring ploughs (FAO, 2012c). In southern Africa
where the HIV/AIDS epidemic is upsetting the agricultural industry, CA is imperative
since it decreases labour requirements (FAO, 2012d).
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The maintenance of crop residue onto field structures has been reported to improve
some soil physical and chemical characteristics (Ferreroa et al., 2005). The application
of crop residue as soil cover generates a conducive environment for soil macro- and
micro fauna activity with the macro fauna group creating pores that improve the air
circulation, root growth and water permeability (Mutema et al., 2013; Anderson, 1988).
Soil macro fauna play a significant role in the improvement of the soil structure and
minimum tillage and retention of mulching materials have been proven to advance the
large quantity and improve higher species richness of these soil macro fauna (Mutema et
al., 2013). Thierfelder and Wall, (2010) suggested that CA can improve the soil quality
by improving the infiltration rate hence moisture content compared to conventional
farming. Soil macro fauna, comprehensive stability and soil total carbon was shown to
be higher in CA plots compared to conventionally ploughed plots in a long-term
experimental trial (Thierfelder & Wall, 2010).

2.4 Challenges of CA and Impact on Adoption Rates

2.4.1 Weed definition

What makes up a weed is basically a matter of opinion. Ralph Waldo Emerson defines
weeds as “plant[s] whose indispensable value have not yet been revealed” (Harlan &
DeWet (2007)), while others, such as L. H. Bailey & Bailey (1941), appealed that any
plant growing where it was not wanted makes up a weed. There appears to be no
worldwide definition of a weed, and the definition most of the time changes in response
to cultural values (Arcioni, 2004). For the significance of this study, a weed is defined as
a plant which competes with a planted crop for water, light, and nutrients (Weed Science
Society of America, 2016).

2.4.1.1 Weed dynamics in CA systems

Even though CA provides a number of benefits to both small scale and large scale
farmers’, this include the improvement of the soil water holding capacity (Mupangwa,
Twomlow, & Walker, 2008; Thierfelder & Wall, 2009), reduction in the pest and
disease occurrence (Kassam, Friedrich, Shaxson, & Pretty, 2009) and a better-quality

soil structure (Thierfelder & Wall, 2010), However, the system does not come without
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its challenges. Subsequent to that, ploughing usually acts as the first weeding for many
farmers practicing Conventional Tillage (CT). However, farmers practicing CA most of
the time experience an increase in the weed pressure (Chauhan et al., 2012; Vogel,
1994).

The influence of tillage on weed smothering nevertheless, not clear-cut. As different
studies argue differently, some studies have establish that tillage brings weed seeds up to
the soil surface, where they are more voluntarily exposed to sufficient light and moisture
conditions which is needed for germination (Teasdale, 1998). Dissimilarity, other
research studies have concluded that because conventional tillage systems may bury
weed seeds, weed pressure intensifies in no-till agricultural systems due to seeds being
left on or near the soil surface (Mavunganidze, Madakadze, Nyamangara, &
Mafongoya, 2014). In addition to tillage burying weed seeds, farmers may also find it
easier to hand hoe weed on ridges created by tillage (either manual or mechanical) than
on flat, un-tilled land, and are, therefore, more likely to weed more comprehensively.
Hence, the effects of tillage on weed dynamics may seem to be largely reliant on factors
such as site physical characteristics, weed populations or dynamics, and different crop
management strategies, including crop diversification and the use of green manure cover
crops (Lee & Thierfelder, 2017).

The negative impact of weeds on crop growth, development, and yield is well-
documented and subsequently, weed control is of particular importance for farmers
practicing CA (Christoffoleti et al., 2008; Mafongoya et al., 2016; Mashingaidze,
Madakadze, Twomlow, Nyamangara, & Hove, 2012; Nyamangara et al., 2013). As a
consequence, a number of large scale CA systems in the Americas and Australia rely on
herbicides for weed control (Christoffoleti et al., 2008; D’Emden, Llewellyn, & Burton,
2008). While the success of CA in large-scale farming enterprises can be partly,
attributed to herbicide use, the fears regarding the short- and long-term environmental
effects of herbicide application, including herbicide resistance (Kirkegaard et al., 2014;
Norsworthy et al., 2012), the presence of herbicides and their metabolites in waterbodies
(Kolpin, Thurman, & Linhart, 1998), and their influence on soil microbes (Duah-

Yentumi & Johnson, 1986) have been raised up. A recent study has also found a
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correlation between prominent glyphosate levels in pregnant women and shorter
gestational periods (Parvez et al., 2018). In addition, the efficiency of herbicides in
some CA systems has also been interrogated and examined. The efficiency of herbicide
may be reduced in CA systems because surface-applied herbicides are not integrated
into the soil (Chauhan et al., 2012) and cover or cereal crop residues retained as mulch
can act as a barrier between the herbicide and its projected target (Liebl, Simmons, Wax,
& Stoller, 1992).

In poor resource constrained smallholder CA systems, where farmers rely more often on
mechanical, rather than chemical control due to financial limitations, greater than before
weed pressure can be predominantly challenging (Muzari, Gatsi, & Muvhunzi, 2012;
Nyanga, Johnsen, & Kalinda, 2012). In Zimbabwe, planting basin-based CA systems
needed to be weeded an average of 2.5 and 2.6 extra times after seeding during two
growing seasons, while conventional tillage systems required weeding 1.8 and 2.0 times
during the same period (Nyamangara et al., 2013). Equally so, weeding in the CA
systems essentially required an average 41.5 person days per ha, while weeding in the
conventional systems took an average of 24.8 person days per ha (lbid.). In Zambia,
labor burdens were described to have increased from 27 person days per ha for
conventional tillage to 35 days under ripper tillage, 58 days using hand hoe tillage, and
81 days under the planting basin method (Haggblade & Tembo, 2003). Furthermore, to
economic significances, increased labor burdens devour a number of social
consequences as the weeding activities become an affliction to women and children in
SSA (Nyamangara et al., 2013).

2.4.1.2 Predominant weed species of northern Namibia

There a number of weed species that are prevailing in northern Namibia are they are
common throughout SSA [e.g., Boerhavia diffusa L. (spreading hogweed), Commelina
spp. L. (including Commelina benghalensis L, also identified as (Benghal dayflower),
and Cynodondactylon (L.)(Couch grass)].  Whereas  others, namely
Acanthosicyosnaudianus (Sond.) C. Jeffrey (Gemsbok cucumber) and Cleome gynandra
L. (African cabbage), appear primarily in southern Africa (Lee & Thierfelder, 2017). In

the northern of Namibia, some weed species have numerous uses and are kept on the
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field to be harvested as leafy vegetables [e.g., C. gynandra and Corchorustridens L.,
commonly known as wild jute (Roodt, 1998a)] or for medical purposes (e.g., Harpa

gophytumzeyheri D., generallywell-known as devil’s claw).

Otheror some of the weed species merely serve as irritation, or, in the case of C.
dactylon and Alectravogelii .B. (yellow witch weed), are liable for large yield losses
(Mangosho & Mupangwa, 2013). A number of grass species are common in agricultural
fields of northern Namibia, as well as the annual species Urochloa brachyura (Hack.)
Stapf, Tragus berteronianus Schult, and Dactylocteniu maegyptium (L).Willd, though
perennial species include C. dactylon, Cenchrusciliaris L., andPogonarthrias quarrosa
(Roem. & Schult.) Pilg (Mueller, 2007). These weeds, in the midst of others, often cause
substantial yield decreases in CA systems in northern Namibia. Subsequently, farmers
seek use manual, mechanical, chemical, cultural, and biological weed control methods

to decrease weed pressure (Lee & Thierfelder, 2017).
2.4.1.3 Weed density

Weed density can be well-defined as the number of weeds within a certain area
(generally m?). Weed density is every so often measured by using a quadrat to
demarcate a demonstrative area where weeds will be counted (Barbour et al., 2008).
While numerous approaches for determining quadrat size and number of quadrats per
area exist, the general endorsement is to make sure that quadrat size is large enough to
accommodate the most regularly-occurring weed species in 63-86% of all quadrats
(Barbour, 2008). Furthermore, quadrat sizes of less than 1 x 1 m are deliberated
preferable in meadow or grassland systems, where weed species are not spread far apart
(Bonham, 2003). Plants that are embedded within the quadrat are counted, while plants
that are not embedded within the quadrat but whose canopies occupy the quadrat are not
included in the count (Barbour et al., 2009). The recommended number of quadrats to be
used differs and is largely reliant on time and resources (Barbour et al., 2008; Bonham,
2003). A number of studies weed populations in arable settings have used 1 x 1 m
quadrats six times within a farmer’s field (Chivinge, 2000), while other studies used two
0.5 x 0.5 m quadrats in 8 x 6 m plots (Mashingaidze et al., 2012) and 5.4 x 6 m plots
(Mhlanga et al., 2016) or one 1 x 1 m quadrat in 4 x 5 m plots (Mwangi, Kihurani,
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Wesonga, Ariga, & Kanampiu, 2015). Although accuracy and precision increase with a
larger number of quadrats, these studies pointed toward the range for adequate quadrat

numbers varies, provided measuring methodologies are reliable.
2.4.1.4 Weed biomass

The weed biomass is a commonly-used quantity for determining weed pressure as it can
serve as an indicator for resources (such as water and light) taken up by non-crop
species (Bonham, 2003). Characteristically, only aboveground biomass is measured
when conducting weed surveys due to the backbreaking nature of uprooting weeds to
measure belowground biomass (Barbour et al., 1999). Since, fresh weed biomass
weights are extremely inconstant, dependent on the moisture prominence of not only the
plant, but the soil and atmosphere as well, dry weights (from oven or air drying) are
commonly measured to be more dependable indicators of plant biomass (Bonham,
2003).

2.4.1.5 Weed species richness, diversity, and evenness

Though the expressions are often used interchangeably, weed species richness and
diversity refer to two distinct conceptions. Although weed species richness discusses the
number of different weed species in a given area, weed species diversity refers to the
number of individual plants signifying each species within a given area (Spellerberg &
Fedor, 2003). Weed species diversity and evenness have often been calculated using the
Shannon-Weiner index in studies on weed control and weed dynamics (Mhlanga et al.,
2015; Mtambanengwe et al., 2015; Muoni, Rusinamhodzi, Rugare, et al., 2014;
Murphy, Clements, Belaoussoff, Kevan, & Swanton, 2006). In the Shannon-Wiener
diversity index, a higher number specifies higher weed diversity. Weed species evenness
refers to how similarly the weeds are disseminated across an area; this number ranges
between 0 and 1, with 0 demonstrating no species evenness (i.e. only one specie present)
and 1 demonstrating that all species are disseminated similarly across the plot (Muoniet
al., 2013).
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2.4.1.6 Weed management

Weed control is one of the major restrictions in the adoption of CA by smallholder
farmers. Farmers customarily till their land to regulate weeds (Wall, 2007) and so a
change from the customary conventional practices to CA results in a change in weed
flora dynamics (Gianessi, 2009). HENCE, this calls for a comprehensive understanding
of the developing weed species and their control of which most farmers lack this, hence
generating a challenge in weed control (Derpsch & Friedrich, 2008). The dynamics of
weeds has been described to intensify under CA due to a buildup of weed seeds in the
top soil where there are conditions that indulge germination for some weed species
(Spandl et al., 1999).

Throughout the preliminary stages of CA adoption, successful weed control is
commonly costly and problematic but over time, with the use of herbicides and residue
cover, there will be a drop in the population of weeds (Wall, 2007; Muoni et al., 2013).
Nevertheless, herbicide use is expensive to the resource poor smallholder farmers
(Gowing & Palmer, 2007) who will, in the end, alternate to the use of hand hoeing as the
central weed control means (Mashingaidze, 2004). The retention of crop residues as
ground cover, which is one of the three principles of CA, has been established to hinder
smooth hoeing resulting in more time taken in the control of weeds (Vogel, 1994).
Hence there is a need to understand weed ecology that could reduce the amount of
herbicide used in CA to a level that does not surpass those used in conventional tillage
(Nakamoto et al., 2006). A change from conventional to minimum tillage farming
results in a change in the community of decomposers in the soil and as shown by Altieri
(1999), fungi tend to dictate more than bacteria and this restricts the use of herbicides
since they destroy fungi more than bacteria yet herbicides are an option in the control of

weeds in CA.
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2.4.2 Residue retention

Small scale food production is primarily supported by mixed crop-livestock systems
(Herrero et al., 2010). Now in these mixed crop-livestock systems the usage of crop
residues as cattle feed create a major struggle on the residues being left in the field as
soil mulch and being feed to cattle (Dubreil, 2011). These antagonisms for residues will
in-turn put forth a competitive pressure on the use of residues as mulch. In Eastern and
Southern Africa, smallholders usually use crop residues to feed cattle during the dry
season and the problem of residue trade-offs is high in areas where farmers encounter
long dry spells between dry seasons with limited cattle feed substitutes (Jaleta et al.,
2012). Some smallholder households use crop residues as a source of firewood thereby
leaving less than enough residues for soil mulch. Now in some areas, crop residues are
utilized as building material in construction of fence walls and storage assemblies hence
aggregating competition for residue use (Jaleta et al., 2012). Crop residues also create
problems in land preparation by raking and obstructing planting equipment and make
hoe weeding more problematic so some households burn the residues to improve this
problem. Some households burn crop residues to reduce the build-up of pest and rodent
populations around their homesteads and fields (Erenstein, 2003).In addition, the
amount of crop residues used as mulch is subject to the distance of the plots from the
homestead. In plots that are closer to the homestead, it is easier for the farmer to take
away the residues for cattle feed and other uses while if the distance is elongated it
becomes backbreaking so the farmers incline to leave the crop residues in the plots for

residue retention (Jaleta et al., 2012).
2.4.3 Nitrogen management

Indeed, the managing of nutrients in CA systems is biological-based. Many biotic and
abiotic mechanisms of the system play an important role in the nutrient outcome of the
system therefore it is not a simple input-output model but a complex model (Kassam &
Friedrich, 2009). All practices that are carried out under CA should aim at protecting the
soil biota involved in breakdown of residues to release nitrogen (Habte, 2006). Nitrogen
release from different cover crop residue is determined by on the quality of residue and

therefore the nitrogen may be less available to crops during the season (Schomberg et
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al., 1994). Plant available soil-nitrogen is a calculated share of nitrogen accessible to
plants within a season after the solicitation of nitrogen from different sources (Sullivan
et al.,, 2011). There is a need for smallholder farmers to comprehend all these

developments involved in nitrogen availability by crops for improved crop production.

2.5 The potential use of GMCCs as Weed and Nitrogen management tools

A cover crop is a living ground cover crop that may be intercropped, rotated with the
main crop or introduced into a cropping systems when the main crop is about to die and
normally killed before introducing the subsequent crop (Hartwig & Ammon, 2002).
Cover crops might be annual or perennial and in the case of being perennials, they may
be preserved into the next season without replanting. Cover crops may be also legumes
or non-legumes. Leguminous cover crops are most desired since there is ales nutrient

competition in comparison to non-legumes (Mapfumo et al., 2001).

Cover crops may be introduced into pearl millet the pearl millet- based or maize systems
either by rotating them with the pearl millet/maize or by relay cropping them when the
pearl millet/maize is about to die in order to improve the soil and environmental quality
(Mapfumo et al., 2001). Different leguminous cover crops, depending on their quality,
provide different benefits and there is no individual cover crop that will give all the
specific benefits (Kladviko, 2011) so there is a need to identify a particular cover crop

for a specific given role (Samba et al., 2002).

Cover crops have been shown to have a smothering effect on weeds leading to reduced
weed populations. Some leguminous cover crops such as black sunnhemp have an
allelopathic effects on a certain number of weed species such as the smooth pigweed
(Amaranthus hybridus L.) (Skinner et al., 2012). The different leguminous cover crops
compete for essential growth elements such as light, water and nutrients with weeds and

eventually leading to their reduction in numbers (Hartwig & Ammon, 2002).

It is known that rotations with different green manure cover crops have been shown to
increasethe weed species diversity due to decline in the numbers of dominant weed
species thus avoiding the dominance of certain weed species (Brainard et al., 2008). In

the case of leguminous, involving cover crops integrated into a cropping systems may
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add nitrogen to the system in the process increasing the fertilization costs (Kladviko,
2011). Leguminous cover crops helps to fix nitrogen and this nitrogen may possibly

benefit the succeeding crops in the following season (FAO, 2010).
2.6 Characteristics of the possible GMCCs used under CA

Tephrosia vogelii (Hook. f.) also known as the Fish bean or Fish-poison bean, is an
African leguminous tree. Fish bean has a high tolerance of acidic poor soils and can
grow well in areas that receive annual rainfall of 850-2650 mm and the legume can
tolerate temperatures between 12-27°C (PACE, 2011). However, Fish bean is not edible
to animals and it is capable of accruing considerable biomass which is an improvement
for its use as ground cover under CA (Rutunga et al., 1999). Rutunga et al., (1999)
discovered that fish bean may possibly fix up to 154 kg nitrogen ha*and is able to
produce a total biomass of 9000 kg ha™ over a period of six months. In addition, fish
bean is affected by a substantial amount of disease and pests that affect tomatoes,
tobacco etc. hence the crop should not be relayed or rotated with such crops (PACE,
2011).

2.6.2 Crotalaria species

C. juncea L. also known as the Black sunnhemp or Brown hemp is increasing fast
growing legume crop that is herbaceous and annual and is capable of growing up to
length 3m tall (USDA-NRCS, 2012). Sunnhemp contains a number toxic alkaloids in
the seed and pods but it is used as fodder to nourish goats and cattle. Sunnhemp can
yield up to 5700 kg dry matter ha* and it is proficient for fixing up to 136 kg nitrogen
ha! and its seed contains about 34.6 % crude protein (Duke, 1983; Clark, 2007).
Sunnhemp is responsible for the smothering of both weeds and crops through the
production of allelochemicals so it should be rotated or intercropped with crops tolerant
to its allelochemicals (Skinner et al., 2012). It was also recently reported the above
mentioned cover crop has nematicidal properties and is capable of smothering of certain
species of nematodes (Clark, 2007). Sunnhemp is confronted with a number of fungi (up

to 38 species e.g. Fusarium undum), a number of bacteria species (up to 6 e.g.
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Pseudomonas cyamopsicola) and many viruses (up to 10 e.g. Alfalfa mosaic virus) and

the black beetle is the most common pest to the crop (Duke, 1983).

In addition, C. ochroleuca which is also known as Red sunnhemp or Slenderleaf
rattlebox is a herbaceous legume which is inherently from Africa (Pohill, 1982). This
cover crop is an erect annual with 3-foliolate leaves and the crop can grow up to 2.5m
(Hyde et al., 2013). In a study done by Samba et al., (2002) indicated that slender leaf
rattlebox can fix an amount of up to 83 kg nitrogen ha* and its plant material contains
about 74.5g protein per 100g plant material (Schippers, 2004). C. grahamiana which is
commonly known as common rattle pod is a herbaceous perennial legume with 5-7
foliolate leaves and is capable of growing up to 2 m tall (Pohill, 1982). In a study carried
out by Gathumbi et al., (2002), it showed that bushy rattle pod is capable of fixing 142

kg nitrogenha™.
2.6.3 Mucuna pruriensvar. Utilis (L.) DC (Velvet bean)

The leguminous cover crop known as velvet bean is a fast growing annual or perennial
leguminous vine native to tropical regions that grows up to 18 m in length on the ground
(Taylor & County, 2012). In addition, velvet bean is grown as a cover crop appreciated
as an anti-erosion crop and also grown for its ability to fix nitrogen (Mureithi et al.,
2003). Velvet bean is a nutritious cover crop with green forage protein content of 15.1
% (Tan et al., 2009). Okito et al., (2004) found the BNF contribution of velvet bean to

be around 60 kg of nitrogen ha.

2.6.4 Vigna unguiculata (L.) Walp. (Cowpea)

The leguminous cover crop known as cowpea is an annual herbaceous plant and has
twinning stems. The cover crop has a number of different cultivars that has different
bushiness and erectness (Barnard, 1969). The cover crop can grow up to 80 cm and can
get up to 2 m for the climbing cultivars (Légereet al., 2013a). The leguminous cover
crop is able to fix up to 140 kg residual nitrogen ha™ in the soil when it is well nodulated
(Mullen, 1999).
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2.6.5 Lablab purpureus (L.) Sweet (Lablab)

The cover crop known as lablab is a perennial climbing legume that can grow up to 2 m
in length (Sheahan, 2012). When legume is well nodulated, lablab can fix up to 140 kg
residual nitrogen hatinto the soil (Muldoon, 1985). Furthermore, lablab seeds and pods
contain roughly an estimate of 20-28 % protein (Naeem et al., 2009). The legume can
grow in a wide range of soil pH and can tolerate drought (Muldoon, 1985). The crop is
proficient to producing biomass of up to 5 tons/ha and each ton of biomass producing 22

kg of nitrogen according to a study done by (Valenzuela & Smith, 2002).

2.6.6 Canavalia ensiformis (L.) DC (Jack bean)

The leguminous cover crop known as jack bean is a perennial fibrous, herbaceous
legume that is ordinarily used as a fodder cover crop and as an assistance in the human
nutrition (FAO, 2014). The crop can grow up to 2 m high with 8-20 cm long trifoliate
leaves (Légére & Tran, 2013). Oliveira et al., (1999) has indicated that jack bean has
smothering effect on certain species of phyto-pathogenic fungi. Furthermore, in a study
carried out by Kesseler, (1990) in Mexico, jack bean reported to have yielded seed
ranging from 1.0 to 3.8 t ha?® depending on the quality of rainfall that has been
distributed over the seasons. In addition, Bonsu & Asibuo, (2013) have reported that the

biomass production of jack bean was reported to be 5000 kgha™.

2.6.7 Raphanus sativus (L.) (Fodder radish)

According to FAO, (2013b) fodder radish is an annual cover crop that is in the
brassicaceae family. The cover cop can grow up to 0.5 m in height. In addition, fodder
radish is a non-legume that produces radishes that can weigh up to 27 kg. The cover
crop is high in biomass yielding but it is susceptible to aphids that attack the
brassicaceae family.

2.6.8 Vigna subterranea (L) (Bambara nut)

The cover crop, known as Vigna subterranea (L.)Bambara nut is a native African
legume, and it is reported to be the third most important legume on the African continent

in terms of consumption and its socioeconomic impact at domestic level. The legume
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trails behind Arachis hypogaea (A.) (Groundnut) and Vigna unguiculata(L.) Walp.
(Cowpea). The legume is a nitrogen-fixing cover crop, and it is reported to fix as much
as 184 kg nitrogenhataccording to a study done by (Légeére et al., 2013b). The legume
produces a moderate biomass yield and it can be used in controlling weeds due to its
vigorous growth or as dead mulch. Bambara nut is reported to contain about 3- 4 %
nitrogen on dry matter basis (Undersander et al., 2014). Bambara nut has a shallow root
system and perform best in sandy soils or well-drained soils with a pH that ranges from
6.0-7.0 (Verhallen, 2001).

2.6.9 9 Arachis hypogaea (A.) Groundnut

The leguminous green manure cover crop which is commonly known as peanut, and
also known as the groundnut (Arachis hypogaea (A.) is a legume cover crop grown
which is mainly grown for its consumable seeds. The crop is normally grown in the
tropics and subtropics regions, and it is of importance to both small scale and large scale
commercial producers. Furthermore, the legume is classified as both a grain legume and
also as an oil crop, due to its high oil content. Groundnut is an annual legume that grows
well on well-ventilated soils. The legume can grow up to 300 cm in height and it is

responsible for fixing nitrogen biologically (Undersander et al., 2014).
2.7 Rotations of GMCCs in Cropping Systems as a Residue Management Strategy

Pearl millet and maize biomass yields are generally low in the small scale farming set up
due to their low crop productivity. Hence, this creates a competition for the use of pearl
millet and maize residues that have a multi-purpose benefit in the smallholder
households (Dubreil, 2011). Pearl millet and maize residue can be retained in the field to
give many benefits such as weed control, improving soil properties and assisting in the
moisture retention hence improved yields (Mhlanga et al., 2015b). However, depending
on different communities, pearl millet and maize residues may be used for many other
purposes such as cattle feed, source of fire and building material and, thus, generates
competition for their use hence, calls for different strategies to increase biomass

production to reduce competition of pearl millet and maize residues (Dubreil, 2011). In
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addition, amongst the possible strategies is the incorporation of GMCCs into cropping
systems as rotations to assist in the supplementary biomass production. Furthermore,
rotations are cropping systems in which more than one crops are grown in succession on
the same piece of land (FAO, 2010). Since most GMCCs have a high biomass
production ability, their addition in the cropping systems as rotational crops combined
with retention of the residue ensures additional biomass. Furthermore, yield benefits of
rotating cover crops with pearl millet and maize have been well documented and their
improvement to the two crops’ productivity subsequent resulting in more biomass being
produced hence reducing the antagonism for the use of the residues (Bonsu & Asibuo,
2013).

2.8 General overview of GMCC use in Pearl millet and Maize-based Cropping
Systems

Different GMCCs have been proven to improve crop productivity in pearl millet and
maize-based systems in different parts of the world. Indeed, GMCCs have been shown
to improve yields of the subsequent pearl millet and maize crop when grown in rotation
(Blevins et al., 1990). Yields of up to 60 % or more compared to pearl millet or maize
monocropping have been recorded by Mhlanga et al 2015b. GMCCs have also has been
shown to improve yields when grown as intercrops with maize in Mozambique
(Rusinamhodzi et al., 2012). Furthermore, Teasdale et al., (2007) has substantiated his
claim that GMCCs do have a suppressive effect on weeds and eventually reducing the
need for use of herbicide. Equally important, the ability of GMCCs to fix nitrogen and
to smother weeds reduces the costs of farm operation for resource-poor smallholder
farmers. All in all, although the advantages of the GMCCs are known, the information is
still scarce in Namibia and research work needs to be done to identify suitable GMCCs
to be integrated in the smallholder farming set ups as rotations. This study presents
results from two experiments in which GMCCs were grown as rotational crops with
pearl millet in Mashare Irrigation Training Center (MITC), Kavango East region and

maize at Liselo Research Station (LRS), Zambezi region, over two successive seasons.
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CHAPTER THREE
3.0 MATERIALS AND METHODS

3.1 Site description

The experiments were carried out at two sites; Mashare Irrigation Training Center
(MITC) and Liselo Research Station (LRS). MITC (17.889300°S; 20.170258°E) is
located in the Mashare Constituency (north of Rundu Town), Okavango East Region
(Figure 5). The station is situated about 44 km from Rundu along the Trans-Kalahari
highway. It is situated at an altitude of 1050 m above sea level and is characterized by
Chromic Luvisols (FAO, 2009). The site receives an average annual rainfall of about

550-650 mm and daily temperatures can reach up to 33 C.

LRS (17.52°S; 24.23°E) is situated about 7 km outside Katima Mulilo along the Trans-
Kalahari highway. LRS has an altitude of 964 above sea level and the site is
characterized by sandy soils (Clay 4 %, Silt 13 %, Sand 83 %) classified as moderately
deep Arenosols and Luvisols formed on granitic rocks according to FAO classification
(Vogel, 1994) with a clay content of less than 5 % (Nyagumbo, 1999). LRS receives an
annual average rainfall of about 750-1000 mm and maximum daily temperatures that
may reach up to 35°C in summer. Both sites lie in Namibia’s tropical savannah (Kdppen
& Geiger, 2000) and receive rainfall in a unimodal pattern (Vincent and Thomas, 1960).
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Figure 5: The geographical location of MITC and LRS in Namibia
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3.2 General Study Descriptions

The study comprises of two experiments set at MITC and LRS. In the first experiment
(Experiment 1), Pearl millet (Pennisetum glaucum) was rotated with different GMCCs
to evaluate their effects on the productivity (grain and biomass yields) of the succeeding
pearl millet crop, weed populations, ground cover and supplementary biomass
production. In the second experiment which was conducted at LRS, maize (Zea mays)
was rotated with different GMCCs to evaluate the effects of the cover crops on the
productivity of the succeeding maize crop, weed populations, ground cover and
supplementary biomass production. All crops were grown under rain-fed conditions
(Figure 5).

3.2.1 Background of the Trial

The experiment was initiated in the 2016/2017 summer growing season with GMCCs
planted across all plots at both sites (location 1). In the following season (2017/2018),
pearl millet and maize were planted across all plots where GMCCs were planted the
previous season and another phase was developed where GMCCs were then planted
(location 2). Thus, a two-phased rotation, where on one part of the trial was GMCCs and
on the other part of the trial uniform pearl millet and maize. The cover crops and the
uniform pearl millet and maize were rotated over seasons from then onwards. Thus, at
each site, both phases of the rotation were planted each year (location 1 & 2). All
treatments were seeded on their respective plots in all seasons. However, this study
presents data from the two seasons of the experiment as seasons 1 (2016/2017) and 2
(2017/2018).

3.2.1Experimental Design
The field trial was conducted at MITC and LRS as a Randomized Complete Block
Design (RCBD) with the following ten treatments (alternating with uniform pearl millet

at MITC and maize at LRS) blocked four times at each site see figure:

1a) Pearl millet (Pennisetum glaucum) (control): 75cm between rows, dribble seed and

thin to one plant every 25cm (53,333 plants ha® target population; 5 kg of seed hal).
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1b) Maize (Zea mays L.) (Control) planted at 90 cm between rows and 25 cm between
plants to achieve a plant population of 44444 plants ha™.

2) Black sunnhemp (Crotalaria juncea L.) dribbled in rows 45 cm apart aiming an intra-
row spacing of 5 cm (approximately 20 kg ha™ seed) to achieve a plant population of
444444 plants ha'™.

3) Pigeon pea (Cajanus cajan (L.) Millsp.) planted in rows 90 cm apart and 25 cm
between plants (approximately 25 kg ha-1 seed) to achieve a plant population of 44444

plants ha*.

4) Cowpea (Vigna unguiculata (L.) Walp.) planted in rows 45 cm apart and 25 cm
between plants (approximately 80kg ha-1 seed) to achieve a plant population of 88888

plants ha™,

5) Groundnuts (Arachis hypogaea (A.) planted in rows 45 cm between rows, 25 cm

between plants, and one seed per planting station 44444 ha.

6) Velvet bean (Mucunapruriens (L.) DC) planted in rows 45 cm apart and 25 cm
between plants (approximately 80 kg-1 seed) to achieve a plant population of 88888
plants ha*.

7) Lablab (Lablab purpureus (L.) Sweet) planted in rows 45 cm apart and 25 cm
between plants (approximately 80 kg ha-1 seed) to achieve a plant population of 88888

plants ha™.

8) Bambara nut (Vigna subterranean (L) planted 45 cm between rows, 25 cm between

plants, one seed per planting station 44444 plants ha.
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9) Jack bean (Canavalia ensiformis (L.) DC.) planted in rows 45 cm apart and 25 cm
between plants (approximately 80 kg ha-1 seed) to achieve a plant population of 88888

plants ha.

10) Fodder cocktail: which comprise of (Fodder radish (Raphanus sativus L.), Red sun
hemp (Crotalaria ochroleuca G. Don) & Velvet been (Mucuna pruriens (L.) DC))
dribbled in rows 45 cm apart aiming an intra-row spacing of 5 cm (approximately 20 kg
ha! seed) to achieve a plant population of 444444 plants ha™.

A basal dressing fertilizer application of NPK (2:3:2) was applied at a rate of 150 kg ha
! and 150 kg ha? urea was applied as top-dressing to all maize and pearl millet
treatments, that is treatment 1 in the first season and all treatments in the second season.
The herbicides were used to control weeds at the onset of trial. Weed control was done
manually by hand hoeing in all the plots, except the weed assessment quadrants, once
the weeds were 10 cm tall or 10 cm in circumference for weeds with stoloniferous

growth.
3.3 Field Measurements
3.3.1 Weed biomass and density

Weed biomass and density were determined from 0.5-m x 0.5-m quadrats randomly
placed three times in each plot. All weed species within the quadrats were counted and
identified. Weed data was collected at 30, 60, and 90 days after planting pearl millet and
maize (i.e., before each weeding). The quadrats were reduced in size to reduce errors in

counting weeds in cases where too many weeds were found per unit area.
3.3.2 Green Manure Cover Crop Biomass Yields

The GMCC biomass yield for Mucuna, Lablab Sunnhemp and groundnuts was recorded
from four central rows by 5 m (net plot) from each plot for GMCCs, except for Jack
bean whose biomass yield was recorded from four central rows by 5 m (net plot).
Bambara nut biomass yield was recorded from whole plot. Plant materials that were
harvested from the net plot were weighed. Subsamples were collected, weighed and air-

dried to constant weight then reweighed and used to calculate air-dried biomass vyield
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per hectare. Harvesting of the GMCCs was done whenever they reached their

physiological maturity.
3.3.3 Pearl Millet, Maize and Biomass (Stover) Yields

Pearl millet and Maize grain weights were recorded from 7 central rows by 5 m (whole
plot) in each plot. The pearl millet heads were removed from the plant, and the dry
matter content was determined for the stover. Subsample heads were randomly selected
from each plot, because an error was made upon data collection, so we had to measure
whole plot data and convert it to hectors and air-dried, shelled, and grain moisture
content determined using a mini GAC moisture tester (DICKEY-John Corp.) and then
reweighed. Pearl millet yield was calculated and then converted to mass per hectare.

3.4 Plot management

Minimum tillage was done to all the plots. Planting of pearl millet, maize and legumes
was done directly into rip lines in the second week of December for both seasons and
the Rip lines were opened using a hand hoe at MITC and a Magoye ripper at LRS and

planting was done by hand into the rip/ hoe lines.
3.4.1 Fertilizer application

At both sites of the experiment, all pearl millet and maize crops received a basal
fertilizer application in the form of Compound D (7 N:14 P,0s:7 K20) at the rates of
7.0 kg N ha, 6.1 kg P ha! and 5.8 kg K ha! i.e.100 kg ha Compound D. At LRS, the
basal fertilizer was applied in the form of Compound D (7 N: 14 P,Os: 7 K20) at the
rates of 10.5 kg N ha*, 9.2 kg P ha and 8.7 kg K ha i.e. is 150 kg ha* Compound D
i.e. 150 kg hat. Compound D was applied to pearl millet, maize and GMCCs at planting
in both phases of the rotation. Pearl millet after pearl millet and maize after maize
treatment only, in both phases of the rotation, further received top-dressing of urea at the
rate of 150 kg ha*AN split applied while the other treatments utilized nitrogen fixed by

the previous cover crops.
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3.4.2 Weed control

All plots were treated with glyphosate [N-(phosphono-methyl) glycine] at a rate of 2.5 |
ha! (1.025 | ha'* active ingredient) at pearl millet and maize planting, followed by one
hand weeding two weeks after planting. Afterwards, all plots were hand weeded
whenever weeds reached 10 cm in height or length of species with stoloniferous-

rhizomatous growth habit.

3.4.3 Residue management

All residues from the previous season were retained in their respective plots.
3.5 Data collection

3.5.1 Weed counts, biomass and species composition

For weed density and biomass, a 50 cm x 50 cm quadrat was placed randomly twice in
each plot before each weeding. The weeds within the quadrat were counted,
subsequently cut at ground level and fresh weight recorded. The weeds were air dried
for 168 hours to a constant weight and the biomass dry weight recorded. Weed species
within the quadrat were identified using guidelines from Makanganise and Mabasa,
(1999) and Botha, (2010), counted and recorded. All weeds not found in the guidelines
and difficult to identify were classified as “other”. For perennial monocots, the stems
were counted instead of the whole plant (Mashingaidze, 2012). Perennial grasses were
taken across genus due to difficulties in identifying them at seedling stage. Weed species
richness and the Shannon-Weiner diversity 30 and evenness indices were used to
determine weed species diversity. The Shannon-Weiner diversity index (H") for each

plot was calculated as follows (equation 1):
H'= (N In N- Sum (n In n))/ N, [1]

Where: H' is the species diversity through proportional abundance of species. Higher

values of H' signify a greater diversity.

N is the total population density/m2 and n is the weed species population of each weed

species found within this location.
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Evenness index was calculated as follows (equation 2):
E'=H7InN, [2]

Where E' is the relationship between the observed number of species and the total
number of species. Greater values of E' signify greater uniformity between species
abundance. The E’ value ranges between 0 and 1, with 0 indicating no species evenness
(i.e. only one specie present) and 1 indicating that all species are distributed equally
across the plot (Muoni et al., 2013).

3.5.2 Plant available nitrogen (PAN) contribution by GMCCs

PAN contribution of the cover crops was determined on an annual basis by collecting
soil samples at the beginning of each season as follows: Before the introduction of
treatments in October/November of each year, five samples were collected from each
plot at 0-10cm; 10-20cm; 20-30cm, 30-60cm and 60-90cm depth. Each sample per plot
comprised of at least 5 sub-samples. The samples were labeled with the following
mandatory information: date, site, plot, treatment, replication and depth layer. The soil
samples were analyzed for different parameter using the GIZ mobile soil laboratory to

determine the amount of PAN in the soil.
3.5.3 GMCC grain and biomass yield

For grain and biomass of GMCC, all the plant material from the net plot of 3.6 m by 5 m
was harvested at maturity. In the treatments with the spreading type cover crops (e.g.
velvet bean), plants were cut along the borders and along the center of the inter-row
spaces instead of including the whole plants and the weight of the whole net plot
recorded (biomass and pods were weighed separately). Sub-samples of approximately 1
kg of representative material (biomass and pods) were taken, weighed and then air-
dried. The air-dry weights of the samples were recorded, the pods threshed, and grain
moisture recorded using the Dickey-john® mini GAC® moisture tester. For the non-
spreading type (e.g. pigeon pea), all plant material from each plot was harvested and

weighed (biomass and pods were weighed separately).
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3.5.4 Pearl millet, maize grain and stover yield

Pearl millet, maize grain and stover yield were recorded from the net plot of 3.6 m by 5
m (four central rows of pearl millet and maize, 5m long) in each plot. Head and cob sub-
samples of 10 head and cobs, were selected at random, were taken from each net plot,
weighed immediately, and then air-dried. The weights of the head and cob sub-samples
after air-drying were recorded (to the nearest 0.1 gram), shelled and moisture content
determined using a Dickey-john® mini GAC® moisture tester. Pearl millet and maize
grain yields were converted to mass per hectare at 9 % moisture content and grain yield
calculated. Pearl millet and maize stalks were cut into small pieces and sub-samples of
approximately 500 g pearl mille and maize stover were taken from each plot. The pearl
millet and maize stalks sub-samples were air-dried and the weight recorded (to the
nearest 0.1 gram). Biomass content was determined for the stover and stover yield was
calculated, by recording the stover wet dry mass and the dry out the stover sub-samples
and then record the sample dry weight. The difference between the wet stover mass and

the dry mass made up the total stover yield biomass.
3.6 Statistical Analysis

The data was subjected to analysis of variance (ANOVA) to test the effects seasons and
GMCCs had on grain and biomass yields of pearl millet and maize, PAN contribution of
GMCCs; and supplementary biomass quantity and weed composition using Statistix
Version 9 statistical package for personal computers (Statistix, 2009). All weed density
data were tested for normality and transformed using square root (x + 1) before analysis
to ensure homogeneity of variances where necessary (Gomez and Gomez, 1984). The
interactions between sites, seasons and treatments were assessed using a linear mixed
model where sites and treatments were treated as fixed factors and season as a random
factor using GenStat 6th Edition statistical package for Windows (VSN International,
2002). Where the treatment means were significantly different, they were separated

using the least significant differences (LSD) test at 0.05 probability level.
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CHAPTER FOUR

4.0 RESULTS

(Figure 6) shows that an amount of 499.9 mm rainfall was recorded at Liselo Research
Station in the 2016/2017 cropping season, while an amount of 521 mm was recorded in
the 2017/2018 cropping season. At Mashare Irrigation Training Center, 715.2 mm of
rainfall was recorded in the 2016/2017 season while 530 mm rainfall was recorded in

the 2017/2018 cropping season.

LISELO RAINFALL MEASUREMENTS
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Figure 6: The amount rainfall recorded at MITC and LRS.
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4.1 Effects of rotating pearl millet and maize with different GMCC/ fodder crops

on total weed density, total weed biomass and weed composition.

These results shown below are based on the 2016/2017-2017/2018 growing seasons at
the two sites (MITC and LRS).

4.1.1 Total weed density

Weed density results were collected at approximately 30, 60, and 90 days after the
seeding of GMCCs, pearl millet at MITC and maize at LRS in the second season.

The two sites, different pearl millet and maize-cover crop rotations and their interactions
significantly affected total weed density across seasons at MITC and LRS as shown in
the linear mixed model output (P < 0.05) (Table 1). Different pearl millet-cover crop
and maize-cover crop rotations significantly affected total weed density (P< 0.05) in
both seasons at MITC and LRS. Furthermore, at MITC, pearl millet-pigeon pea and
pearl millet-groundnut rotation treatments had the highest total weed density (3500
weeds hal) and (3100 weeds ha), respectively (figure 6). Pearl millet-lablab rotation
together with pearl millet-fodder cocktail and pearl millet-red sun hemp rotation
treatments had relatively lower total weed densities of (1300 weeds ha), (1400 weeds
ha!) and (1500 weeds ha™) respectively (Figure 6) in the first season.

There was a variable response in the number of weeds observed in the second season at
the same site. There was a slight decrease in the pearl millet-fodder cocktail rotations
and a higher decrease in the other treatments. The highest increase in total weed density
of 54.7% was observed in the pearl millet-pigeon pea rotation treatment (i.e. from 3500
in 2016-2017 to 6400 weeds ha™ in the 2017-2018 leading to this treatment having the
most weed density in season 2 (Figure 7). The lowest increase of 61% was observed in
the pearl millet-lablab treatment (i.e. from 1300 in 2016-2017 to 2100 weeds ha in the
2017-2018 growing season) leading to this treatment having the lowest weed density in

season 2 (Figure 7).

At LRS, the maize-cover crop rotations had significant effects on the total weed density
in season 1 (P < 0.05) (Table 3). Thatch grass (Hyparr heniahirta) and wandering jew
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(Tradescantia fluminensis) were the predominant weed species at LRS across both
seasons. Maize-pigeon pea and maize-Bambara nut rotation treatments had the highest
total weed density 3200 weeds ha*and 2450 weeds ha respectively in season 1 (Figure
8). Maize-velvet bean rotation together with maize-lablab and maize-cowpea rotation
treatments had relatively lower total weed densities of 900 weeds ha*, 1100 weeds ha*

and 1100 weeds ha* respectively (Figure 8) in the first season.

There was a variable response in the number of weeds observed in the second season at
the same site. There was a slight decrease in the pearl millet-jack bean rotations and a
higher increase in the other treatments. The highest weed density was observed in the
pearl millet-pigeon pea rotation treatment of 3200 weeds ha™* leading to this treatment
having the most weed density in season 2 (Figure 9). The lowest weed density of 800
weeds halwas observed in the pearl millet-velvet bean treatment leading to this
treatment having the lowest weed density in season 2 (Figure 9).

44



MASHARE 2016-2017 GRAND TOTAL WEED DENSITY

4000
A @ TOTAL WEED POPULATION
AB
CEU 3000 A
Z BC
5 BC
E CDh
D 2000 -
% DE
a DE DE E
a E
w
< 1000
0
= o 4+ (44 = C o] += c —
= £ &8 &8 5 § 2 2 § £
S < c = c 28] < © m S
= £ ¢ 38 38 &8 - 8§ ¥ &
Sz 02 =R g & ¢
2 o O § 8 D é
(@]
LL
TREATMENT

Figure 6: Effects of different pearl millet-cover crop rotations on total weed density at
MITC in season one of data collection. Different columns signify differences in the
effects of the different GMCCs (P < 0.05) on total weed density in the first season.
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Figure 7: Effects of different pearl millet-cover crop rotations on total weed density at
MITC in season two of data collection. Different columns signify differences in the
effects of the different GMCCs (P < 0.05) on total weed density in the second season
(2017/2018).
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Figure 8: Effects of different pearl millet-cover crop rotations on total weed density at
MITC in season two of data collection. Different columns signify differences in the
effects of the different GMCCs (P < 0.05) on total weed density in the second season
(2016/2017).
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Figure 9: Effects of different maize-cover crop rotations on total weed density at LRS in
season two of data collection. Different columns signify differences in the effects of the
different GMCCs (P < 0.05) on total weed density in the second season (2017/2018).
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Table 1: The linear mixed model (combined model) output explaining the effects of
different pearl millet and maize-cover crop rotations (treatment) and site on total weed
density, total weed biomass, weed species diversity, weed species evenness and weed

species richness at MITC and LRS in both season.

Total weed Total weed Weed species Weed species Weed species
Density biomass diversity evenness richness

Source DF F P F P F P F P F P

Site 1 7.81 0.006 831 0.01 30.59 <0.001 19.7 <0.001 85.02 <0.001
Treatment 9 3.18 0.002 421 0.04 1.59 0.129 0.79 0.628 15 0.16
Site*treatment 9 2.32 0.02 2.98 0.03 0.58 0.812 0.67 0.733  0.93 0.501

4.1.2 Total weed biomass

The two sites, different pearl millet and maize-cover crop rotations and their interactions
significantly affected total weed density across seasons as shown in the linear mixed
model output (P < 0.05) (Table 3). There was a general decrease in total weed biomass
at both sites from season 1 to season 2 (Figure 10,11, 12 and 14). Different rotations did
not significantly affect total weed biomass at both sites in both seasons (P > 0.05)
(Figure 10, 11,12 and 13).
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Figure 10: Effects of different pearl millet-cover crop rotations on total weed biomass at
MITC in the first season of data collection.
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Figure 11: Effects of different pearl millet-cover crop rotations on total weed biomass at

MITC in the second season of data collection.
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Figure 12: Effects of different maize-cover crop rotations on total weed biomass at LRS

in the first season of data collection.
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Figure 13: Effects of different maize-cover crop rotations on total weed biomass at LRS

in the second season of data collection.
4.1.3 Predominant weed species

Numerous weed species were identified at MITC and LRS. Figure 18 shows a
comprehensive composition of weed species found at both sites. Grasses in MITC were
limited to three species, while broadleaf weed species were more diverse. Grass
diversity was much greater in LRS, with multiple grass species often being found in the
same plot. Several leguminous shrub and tree species were also found in LRS. Sedges
were present in LRS, although in very small numbers, but were not present in MITC.
Complete tables for estimates of medians of weed species richness and Shannon-Wiener

Diversity and Evenness Index are provided in table 2.
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Trianthema portulacastrum (L.) (Horse purslane), a perennial, spreading plant with
sticky seeds, was the most dominant broadleaf weed species at MITC and was found in
nearly all treatments over the course of the experiment. Digitaria ciliaris (Crab grass) an
annual species was the most dominant grass species (Figure 18).

Tradescantiaf luminensis (Wandering jew), a perennial, spreading plant with shiny
leaves, was the dominant broadleaf species at LRS and a single plant often spread across
several plots. No grass species appeared to be particularly dominant. B. massaiensis, a

leguminous shrub, was the dominant shrub/tree species at LRS (Figure 18).
4.1.4 Weed species composition (Weed species diversity, evenness and richness)

There were significant differences in weed species diversity, evenness and richness
across seasons as shown in the linear mixed model output (P < 0.001 for all) at the two
sites (Table 1). There was a significant difference in weed species composition between
the two sites. The different pearl millet and maize-cover crop rotations had no
significant effects on weed species diversity and evenness at both sites in all seasons (P
> 0.05). However, there was an increase in species diversity and evenness from season 1
to season 2 at both sites (Table 2). At MITC, different pearl millet-cover crop rotation
treatments significantly affected the number of species present in season 2 only (P <
0.05) (Figure 13). The highest number of weed species of 18 species ha™ was observed
in the maize-pigeon pea rotation treatment and the lowest numbers of weed species were
observed in the maize-black sunnhemp, maize-cowpea, and maize-jack bean rotations
(Figure 13). At LRS, maize-cover crop rotations had no significant effect on the number

of weed species that appeared in both seasons (Figure 13 & 14).

Figures 15 to 18 below show the effects of different Pearl millet-cover as well as
different maize- cover crop rotations on weed species richness at MITC and LRS in both
seasons of data collection. The different columns signify differences in the effects of the
different rotations (P < 0.05) on weed species richness at both sites and in both seasons.
While (figure 19) below shows the predominant weed species at MITC and LRS in all
the treatments for both seasons. In addition, the (figures 21 to 25) below show the

effects of different pearl millet-cover crop rotations and maize-cover crop rotations on
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grain and stover yields (kg ha™*) of the subsequent pearl millet and maize crop in season
2 at MITC and LRS.

Table 2: Effect of different pearl millet and maize-cover crop rotations on weed species
diversity (Shannon’s index ‘H") and weed species evenness (Shannon’s index ‘E’) at
MITC and LRS in all seasons.

MITC LRS

Weed Species Diversity Weed SpeciesEvenness Weed Species Diversity Weed Species Evenn
Treatment Season1  Season2 Season1 Season2 | Seasonl Season 2 Season 1Season 2
Millet after millet 1.42 2.25 0.30 0.49
Maize after maize 1.25 127 |0.25 0.27
Millet after Sunnhemp | 1.01 1.90 0.23 0.46
Maize after Sunnhemp 0.92 1.2 |0.19 0.27
Millet after | 1.33 1.73 0.28 0.37
Bambaranut
Maize after Bambara 1.27 157 |0.28 0.33
Millet after groundnut | 1.20 1.86 0.27 0.46
Maize after groundnut 1.10 124 |0.22 0.29
Millet after velvet bean | 1.31 1.79 0.30 0.37
Maize after velvet bean 1.19 139 [031 0.33
Millet after pigeon pea | 1.56 2.14 0.37 0.38
Maize after pigeon pea 1.27 152 |0.29 0.35
Millet after lablab 1.20 1.72 0.26 0.40
Maize after lablab 1.09 121 |0.27 0.24
Millet after cowpea 1.44 1.34 0.27 0.33
Maize after cowpea 0.91 1.39 |0.20 0.33
Millet after cowpea 1.33 1.78 0.33 0.47
Maize after cowpea 0.58 149 |0.12 0.36
Millet after fodder | 1.25 1.58 0.24 0.37
cocktail
Maize after fodder 1.19 117 |0.25 0.28
cocktail
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P-value NS NS NS NS | NS NS | NS NS
SED 0.38 0.33 0.071 0.09 | 0.23 0.23 0.08 0.07

NS shows that means were not significantly different from each other.
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Figure 14: Effects of different Pearl millet-cover crop rotations on weed species richness
at MITC in both seasons of data collection. The different columns signify differences in

the effects of the different rotations (P < 0.05) on weed species richness in each season.
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Figure 15: Effects of different pearl millet-cover crop rotations on weed species richness
at MITC in the second season of data collection. The different column signifies
differences in the effects of the different rotations (P < 0.05) on weed species richness in

the second season.
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Figure 16: Effects of different maize-cover crop rotations on weed species richness at

LRS in the first season of data collection.
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Figure 17: Effects of different maize-cover crop rotations on weed species richness at

LRS in the second season of data collection.
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Figure 18: Predominant weed species at MITC and LRS in all the treatments for both

Seasons.

4.1.4 Effects of rotating pearl millet and maize with different GMCC/ fodder crops

on GMCC grain and biomass yield.
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At both sites in season 1, there was a significant difference in the effects of rotating
cover crops with pearl millet and maize on both cover crop grain and biomass yields (P
< 0.05). At MITC, lablab attained the greatest biomass yield with a mean yield of 11500
kg hal. The least biomass yield was observed in jack bean with a mean yield of 1000 kg
ha*(Figure 15). The pearl millet after lablab) attained the greatest grain yield, producing
a yield of 3000 kg ha*, with jack bean, bambara nut and common sun hemp producing

lower grain yields (Figure 15).

At LRS, pigeon pea produced no grain and no biomass yields due to failure to establish.
For the treatments that established, lablab, Bambara nut and sunnhemp had the least
grain yields as low as 50 kgha® (sunnhemp) and the greatest grain yield was attained by
the control (maize after maize) producing a yield of 1300 kg ha™. The greatest biomass
yield was observed in the velvet bean treatment with a mean yield of 5900 kg ha®
(Figure 17).
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Figure 19: Effects of different pearl millet-cover crop rotations on grain and biomass
yields (kg ha') of cover crops in both seasons at MITC. Means represented by columns

are significantly different using the LSD test (P < 0.05).
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Figure 20: Effects of different maize-cover crop rotations on grain and biomass yields
(kg ha-1) of cover crops in both seasons at LRS. Means represented by columns

indicated by different bars are significantly different using the LSD test (P < 0.05).
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4.1.5Soil fertility

Soil NPK levels, pH, organic C, and estimated soil organic matter (SOM) were analyzed
at both research sites. At both sites, soil nitrogen and phosphorous levels were below the
suggested range for grains, while potassium fell within the ideal range (Table 3). Soil
pH was optimal at both trial sites. Soil organic carbon was well below the ideal range.

Table 3: The soil nitrogen, phosphorous, potassium, pH, organic carbon, and soil
organic matter levels at both sites. Sites, different maize and pearl millet-cover crop
rotations and their interactions had no significant impact on the soil nutrient content

across seasons (P < 0.05).

Average value at Average value at Suggested range for
MITC LRS grains
N (ppm) 480 280 1000-2000
P (ppm) <100 <100 200-600
K (ppm) 2800 2200 1500-3000
pH 6.1 5.3 4.9-6.4
Organic C (ppm) 2900 6900 1700-5000
Estimated SOM (%0)* | <1 1.2 2.9-8.6
p-value 0.377 0.313

Pearl millet was planted at the MITC experimental field, while maize was grown at
LRS. The suggested range for grains is based on numbers provided in the SoilCares
(2017, www.soilcares.com) soil analysis. N = nitrogen; P = phosphorous; K =
potassium; C = carbon; SOM = soil organic matter. n = 24 at Mashare Research Station;
n = 24 at Liselo Research Station. The soil data was analyzed at the beginning of the

experiment (2016/2017 season).

61




4.1.6Effects of different rotations on soil PAN contribution from GMCC residues

Different cover crop residues contributed significantly to different levels PAN to the
following pearl millet and maize crops at all sites in season 2. At MITC, in season 2,
Jack bean, pigeon pea and fodder cocktail had higher PAN of 1000 parts per million
(ppm), 700 ppm and 650 ppm to the system. The other cover crops produced PAN not
significantly different from each other (Figure 18).

At LRS, the amount of PAN depended on the type of residue. In season 2, the highest
PAN was produced by jack bean residue (1300 ppm). Lower PAN(150 ppm) was
obtained from maize residue although not significantly differently from velvet bean,

Bambara nut, groundnut, lablab, sunnhemp and cowpea (Figure 19).
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Figure 21:. Effects of different pearl millet-cover crop rotations on PAN (ppm)
contribution of different cover crop residue to the succeeding pearl millet crop in both
seasons at MITC. Means represented by columns indicated by different letters are
significantly different using the LSD test in the first season (p >0.05).
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Figure 22: Effects of different maize-cover crop rotations on PAN (ppm) contribution of
different cover crop residue to the succeeding maize crop in both seasons at LRS. Means
represented by bars indicated by different letters are significantly different using the
LSD test in the first season (P<0.05).
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4.1.7 Effects of rotating pearl millet and maize with different GMCC/ fodder crops

on grain and stover yields of the subsequent maize crop

Uniform pearl millet was seeded in the second season at MITC, different rotations
significantly affected biomass yield of the succeeding pearl millet crop (P < 0.05). Pearl
millet after pearl millet treatment had a mean biomass yield of 700 kgha™ ranking the
lowest in this season at this site (Figure 18). Different rotations had no significant
effects on pearl millet grain yields of the succeeding pearl millet crop in this season
(Figure 20). At LRS, different rotations had no significant effects on both maize grain
and stover yields in season 2 (Figure 21).
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Figure 23: Effects of different pearl millet-cover crop rotations on grain and biomass
yields (kg ha-1) of cover crops in season 2 at MITC. Means represented by columns
indicated by different bars are significantly different using the LSD test (P < 0.05).
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Figure 24: Effects of different maize-cover crop rotations on grain and stover yields (kg

ha-1) of the subsequent maize crop in season 2 at LRS.



CHAPTER FIVE

5.0 DISCUSIONS

The aim of the study was to determine the effectiveness of different leguminous and
non-leguminous GMCC/ fodder crops, grown in rotation with pearl millet and maize, in
ensuring adequate residue cover and considerable fodder supply and to quantify their
effects on pearl millet and maize productivity and weed suppression. The study assessed
the effect of GMCCs on weed smothering (weed density), weed composition (weed
species diversity, evenness and richness), the effect of GMCCs on the soil Nitrogen
content for both seasons, and the yield variation of pearl millet and maize in the second
season (after GMCCs rotations).This section seeks to address the research objectives
and answer the research questions based on findings from the study.

5.1 Effects of rotating pearl millet and maize with different GMCC/ fodder crops
on total weed density, total weed biomass and composition.

5.1.1 Total weed density

The management of weeds using rotations with cover crops mainly depends on the
ability of cover crops to smother weeds (Teasdale, 1998). Teasdale et al., (2007a) on the
contrary argue that cover crops use different mechanisms in weed smothering either as
live cover crops or as residues, but live cover crops have been revealed to have a more
suppressive effect on weeds. Reactions in weed numbers was determined by the nature
of the rotation i.e. the cover crop involved in the rotation. In addition, (Teasdale &
Mohler, 1993) also argue that cover crop residues present physical hurdles that inhibit

the emergence of weeds leading to reduced weed numbers over time.

Since the cover crops involved in the rotations were treated as grain legumes, pigeon
pea was harvested last thus allowing longer time for more nitrogen to be fixed in the soil
and subsequently promoting more weed growth in the first season of data collection.
The high weed numbers in the pearl millet-Bambara nut rotation treatment may be due
to the less vigorousness of the legume and may also be attributed to the growth cycle of

Bambara nut, which is one of the shortest, compared to the other cover crops in this
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study henceforth leading to high weed numbers. Weed suppression in the second season
(season after cover crops)mainly depended on the amount and nature of the various

cover crop residues (Hartwig & Ammon, 2002).

The increase in the number of weeds in the maize after maize and maize-pigeon pea
treatments in the second season of data collection could mainly be due to the nature of
the cover crop residue. Teasdale & Mohler (1993) also reported that pigeon pea and
pearl millet residues leave more interior spaces due to their nature and this allows for the
emergence of weeds that need light for a phytochrome-mediated germination leading to
higher numbers compared to residue of lablab. They further argue that jack bean, velvet
bean and lablab residues may also have produced nitrates during decomposition that
encouraged the emergence of certain weed species leading to increased weed numbers in
the following maize crop. According to Skinner et al., (2012) black sunnhemp has been
reported to have allelopathic effects on certain weed species such as smooth pigweed
(Amaranthus hybridus L.) and this may explain the high decline in the number of weeds
observed in the second season. The decline in the weed density in the maize-jack bean
treatment may be due to the high biomass production of the cover crop leading to high

smothering levels (Teasdale et al., 2007a).
5.1.2 Total weed biomass

The decreases in weed biomass at both sites may be due to decreases in weed densities.
Furthermore, different rotations had no significant effects on weed biomass at both sites
in all seasons and this may be due to the effects of hand hoe weeding on time(Mhlanga
et al., 2017). Weeds have different biomass yield capabilities, hence since weeding was
done after the same period of time in all treatments, it allowed for weeds at this site to
grow to the same height and weight before weeding; therefore, there was no significant

differences observed on the weights of the weeds (Muoni et al., 2013).
5.1.3 Weed composition (Weed species diversity, evenness and richness)

Weed species diversity, evenness and richness was reliant on the seed bank at each site.
The reaction of diversity, evenness and richness depended on the weed species in their

corresponding communities. Mall and Singh (2014) state that the dissimilarities in weed
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densities observed at different sites may be ascribed to different seed banks establish in
those sites. According to (Teasdale and Mohler, 1993) crop residue retention, in spite of
their type, changes the micro-environment around weed seed bank by either promoting
or preventing their emergence. Stevenson et al (1997) further recognized that the
increases in weed diversity and evenness were due to the declines in numbers of certain
dominant weed species. In addition, (Teasdale and Mohler, 1993) state that there are
weed species that require more light to undergo a phytochrome-mediated germination
before their emergence, therefore in the presence of live cover crops, these weed species

may not emerge.

When pearl millet and maize were introduced in the second cropping season, there was
reduced cover and these weeds were to be expected to emerge since cover crops in their
live state are more exploitive than their residues (Teasdale et al., 2007a). Weed species
such as Trianthema portulacastrum (L.) Horse purslane emerged in the system with time
reducing the chances of dominance of certain weed species. This increased diversity,
evenness and richness. These weed species also added in the increasing species richness
at both sites. The increases were more evident in the pearl millet after pearl millet,
maize after maize, and as well as in the maize-pigeon pea rotation treatments due to the
nature of the cover crop residue, which leave more internal spaces allowing for more
access of light, by the weed seeds. A similar trend of results was also reported by
(Ulber, L., Steinmann, H.-H., Klimek, S., Isselstein, J, 2009) in which the number of

weeds increased with time in organic crop rotation systems.

5.1.4 Effects of rotating pearl millet and maize with different GMCC/ fodder crops
on GMCC grain and biomass yields.

The difference in biomass production of the cover crops was predominantly due to their
differences in morphology and their ability to exploit their surrounding environment.
Leguminous cover crops fixed nitrogen and this ensured high biomass productivity and
this is the This is the reason for the higher biomass yields (Hartwig & Ammon, 2002).
However, pearl millet biomass in the first season was higher than jack bean, Bambara
nut and pigeon pea due to the additional top dressing applied to the pearl millet control

crop. The very low yields witnessed in the black sun hemp treatment at MITC and total
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crop failure at LRS was due to wilting which could have been caused by the persistent
dry spell experienced between January and February or it could have been triggered by a

fungal disease such as Fusarium udam (Clark, 2007).

5.1.5 Effects of different rotations on PAN contribution from GMCC residue

Plant available soil nitrogen from the cover crops depended on percentage of N content
of the cover crop residue and dry matter yield (Sullivan et al., 2011). Since pearl millet
and maize are non-legumes and hence have a low N content in their residues, hence their
soil contained low plant available N from their residues (Hartwig & Ammon, 2002).
High PAN values obtained from cover crops such as jack bean and pigeon pea may be
due to the high percentage of N in the residues and the high biomass that they produced
(Okito et al., 2004).

5.1.6 Effects of rotating pearl millet and maize with different GMCC/ fodder crops

on grain and stover yields of the subsequent pearl millet and maize crop.

There was a yield advantage of rotating pearl millet and maize with leguminous cover
crops shown by the study at MITC. Pearl millet that succeeded leguminous cover crops
had higher grain yields compared to pearl millet that succeeded pearl millet. The same
observation was also made at LRS, as the maize following legumes also benefited from
the nitrogen that was fixed by the previous legumes and contained in the residues of the
covers and released during their decomposition (Okito et al., 2004). As ascertained by
Wortman, 2012, pearl millet and maize following a legume has a yield advantage over

pearl millet and maize that follows pearl millet and maize.

The N fixed biologically by the different cover crops was limited in the cover crop
residues and released as the residues decompose thus benefiting the subsequent pearl
millet and maize crop (Aber et al., 1990). The existence of cover crop residue improves
the soil physical characteristics such as the infiltration of water and helps in the build-up
of organic matter (Mapfumo, P., Mtambanengwe, F., Vanlauwe, B, 2007) thereby

guaranteeing increased in yields of the succeeding pearl millet and maize crop.
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However, the availability of N from cover crop residue in rotation systems depends on
other biotic and abiotic factors such as rate of decomposition (Karberg, N.J., Scott,
N.A., Giardina, C.P, 2008) and this explains why pearl millet and maize that succeeded
a cover crop producing the highest PAN did not necessarily yield the highest grain yield.
The lack of significance of rotating with cover crops compared to maize monocropping
at LRS could be due to environmental factors that affected the release of N to the maize

at the right time.

5.1.7 Potential weaknesses of GMCC under agro-ecological conditions

Nitrogen availability has allowed the strengthening agricultural and it has led to an
increase in the production of agro-ecological systems (Thierfelder and Wall, 2010).
However, about 50% of the nitrogen fixed in to the soil by GMCCs is lost from the
cultivated surroundings (FAO, 2008a). Efforts have been dedicated to advance to the
efficient use of nitrogen in the agricultural system, but nothing much has improved over
the past few decades (Tittonell et al., 2012). The diversification of crops, using cover
crops to provide a number of ecosystem functions, including the biological nitrogen
fixation, could maintain yield while reducing cost (Teasdale et al., 2007a). However, the
system of using green manure cover crops is seen to be inefficient and unsustainable to
farmers. It was also reported that a number of farmers do not really notice much of a
difference in terms of their yields or their operational cost reducing when they have

incorporated the use of GMCCs into their farming system (FAO, 2012c).
5.1.8 Limitations of the study

Though the results of the experiment did provide fascinating findings, the study faced
some limitations. Firstly, weed dynamics are intensely affected by a number of factors
that includes rainfall, soil type, pre-existing weed composition, and weed-crop
competition(Mhlanga et al., 2017). Thus, in order to gain a more complete picture of
which GMCCs consistently result in reduced weed pressure, a study would need to be
conducted over a longer period than only two growing season. Because of the length of
the study, the impacts of all CA components, such as the effect of mulch on weed
dynamics were not studied. In addition, drought at both sites during the study period
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resulted in incomplete data (in the case of the wilting of the fodder cocktail in the first

season at both sites) and was not an accurate reflection of a typical growing season.

Weed biomass and density measurements appeared to be more accurate than visual
weed assessments at approximating weed species dynamics. The accuracy of weed
biomass and density measurements could have been improved by increasing the number
of quadrats used. However, as highlighted by Barbour et al. (1999) and Bonham (2003),
quadrat numbers are often limited due to time and resource limitations. Because weed
counts were a time-consuming and labor intensive process, increasing the number of

quadrats per plot would have been impractical.

Although the study assessed the effectiveness of different leguminous and non-
leguminous GMCC/ fodder crops, grown in rotation with pearl millet and maize, in
ensuring acceptable residue cover and considerable fodder supply and to quantify their
effects on pearl millet/ maize productivity and weed suppression, it did not account for
the effects on soil microorganisms (e.g. diatoms), micro-fauna (e.g. nematodes), or
meso-fauna (e.g. earthworms). The impacts of GMCCs on the biodiversity of soil
organisms are not fully understood and appear to be quite variable. A study in Texas,
USA found no adverse effects on microbial activity or mass following GMCC rotations
(Haney, Senseman, Hons, & Zuberer, 2000). Red sunnhemp resulted in impermanence
rates of up to 57% in entomopathogenic nematodes in Spain (Garcia-del-Pino &
Morton, 2017). While effects on soil microorganisms were outside the scope of this
study, including this aspect would have provided a clearer picture of the environmental

impacts resulting from the effect of different GMCCs.

The quality of the analyses would possibly have been improved by using more modern
technological practices. However, the current methods used in the study were more
appropriate for settings with limited resources and continue to be used in research trials
in the developing world (Zhang, J., Zheng, L., Jack, O., Yan, D., Zhang, Z, Gerhards,
R., & Ni, H, 2013). In addition, as all samples underwent the same processes, the errors
throughout were consistent and still provided satisfactory information to draw

conclusions.
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In addition, the results of this study may have differed if the study was conducted on
farmers’ fields, rather than in controlled research sites from weedy fallows. Farmers’
fields would likely have lower initial weed pressure due to continuous use and
cultivation. Because farmers’ fields can also vary significantly in terms of weed
composition and management practices, examining weed dynamics in several farmers’

fields would likely present a true reflective of weed responses to different GMCCs.
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CHAPTER SIX

6.0 CONLUSIONS

Converting from conventional agriculture to conservation agriculture often results in
increased weed pressure, leading to an additional labor problem for smallholder maize
and pearl millet farmers in northern Namibia. This study aimed to fill a knowledge gap
by evaluating the effectiveness of different leguminous and non-leguminous GMCC/
fodder crops, grown in rotation with pearl millet and maize, in ensuring sufficient
residue cover and substantial fodder supply and to quantify their effects on pearl millet/
maize productivity and weed suppression. While no cover crop was observed to be
optimal for all the areas investigated, some cover crops outperformed others. This
section highlights the overall findings from the study, provides recommendations for
smallholder farmers adopting or practicing CA in northern Namibia, and ends with

propositions for forthcoming research.

The study stressed that rotations combined with well-timed weeding reduce weed
densities over a period of time, thus rejecting the first hypothesis that stated that there
was no significant difference on the effect of different GMCCs on weed suppression.
Equally important, an increase in weed species diversity showed that rotations are
capable of reducing numbers of dominant weeds to levels of the other non-dominant
weeds and this reduces the existence of a few problematic weeds resulting into a less
intensive weeding plan. Hence, the study rejected the second hypothesis that stated that
there was no significant difference on the weed species diversity, evenness and richness
in the various GMCC treatments. Furthermore, rotations have different effects on the
components of weed diversity and ultimately leading to a reduced weed populations. A
reduction in the number of weeds was also realized in the continuous pearl millet and
maize plots, suggesting that residue retention combined with timely weeding may also
reduce weeds in a cropping system even if a farmer cannot practice rotations. Different
green manure cover crops fixed different amount of nitrogen in to the soil, affecting the

plant-available soil nitrogen (PAN) differently. Hence, the study rejects the third
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hypothesis that stated that there was no significant difference on the effect of the
different GMCCs (PAN).

Rotating pearl millet and maize with cover crops increased pearl millet and maize yields
by supplementing nitrogen. The study rejects the fourth hypothesis that stated that there
Is no significant difference on the effects of GMCCs on above-ground biomass and
grain production of pearl millet and maize crops. This benefits poor farmers who cannot
afford to buy expensive mineral fertilizers and herbicides. They can then move on to

Incorporate green manure cover crops into their farming systems.
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6.1 RECOMMENDATIONS

Indeed, rotating pearl millet and maize with cover crops may be a challenge to
smallholder farmers who may find it unfeasible to replace a staple crop with non-food
legumes. Most of the studied cover crops in this study were non-food crops and this
means in rotations, farmers will have to miss a season of pearl millet and maize. These
rotations may only be feasible if farmers’ have land of high holding capacity, and the
land is big enough such that they, in some seasons, have uncultivated land or if they
have livestock and really need the fodder. These untilled rations can then be used in the
establishing cover crop rotations such that in every season they have both the cover
crops and the pearl millet or maize while at the same time increasing the crop
productivity. Rotations may also be practical if they are able to double the pearl millet
and maize yields, so that during the season that the farmers do not have pearl millet and
maize. Their yield is reimbursed for by the doubled yield they obtained in the previous
season. However, in the study done, the pearl millet and maize yields were increased but
not high enough to double the yield. Relay cropping of cover crops such as velvet bean
in standing pearl millet and maize crop could be a possibility of introducing cover crops
in the cropping systems without completely replacing the staple pearl millet or maize in

each and every season.

If a farmer has a big piece of land, rotations with leguminous cover crops can be used to
improve productivity of pearl millet and maize-based systems. Farmers may develop
two-phased rotations in which they have both the pearl millet and maize crop-cover
crops in the same season and interchanging them over the seasons. In circumstances
where farmers cannot afford mineral fertilizers and herbicides, they may also use
rotations with GMCCs as opposed to monocropping cereal crops. This would give them
more yields compared to monocropping without any fertilizers and herbicides and allow
them to have a more viable weeding management plan. All in all, there was no single
cover crop that gave benefits to all the parameters investigated, signifying that there is a
need to identify certain areas and a suitable cover crop suitable for that specific area
before integrating them into the system. Since GMCCs have high biomass yields, cover
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crops such as lablab, velvet bean and cowpea contribute significantly to supplemental

biomass that can be used to cover the soil and other uses within a domestic set up.

Although this study provided thought-provoking initial discoveries, results from a two
season-long agricultural trial cannot really be used to make decisive assertions regarding
the effectiveness of GMCCs in pearl millet and maize-based cropping systems. It would,
therefore, be advantageous to conduct a long-term study on the topic to provide a more
complete picture of the interactions between treatment and site and to determine
dependability of treatment effects, as well as long-term insinuations for weed population
dynamics. A study on the incorporation of other weed control strategies, such as
chemical, mechanical or cultural control or the use of different weed removal
mechanisms, such as weed scrapers, would additionally contribute to today’s
knowledge. As recommended, weed management would likely benefit from the
integration of several weed control strategies, but optimum methodologies would first
need to be acknowledged. Finally, a total life cycle analysis of differing GMCCs,
including agro ecological and socioeconomic consequences, would contribute to a more
complete picture of the relationships and complexities associated with weed control and
soil enhancement. GMCCs, particularly for smallholder farmers, are a multi-
dimensional issue and would benefit from continuous research to more fully understand

their long-term consequences.
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LIST OF APPENDICES

Appendix 1: Analysis of variance for total weed density at MITC in season 1
(Experiment 1)

Source DF SS MS F P

Replicate 2 9499.5 4749.73

Rotation 9 60154.1 6683.79 2.66 0.0371

Error 18 45273.9 2515.21

Total 29

Note: SS are marginal (type I11) sums of squares
Grand Mean 129.87 CV 38.62

Appendix 2: Analysis of variance for total weed density at MITC in season 2
(Experiment 1)

Source DF SS MS F P

Replicate 2 13464.3 7752.13

Rotation 9 20798.5 2310.970.860.0461

Error 18 50669.1 2814.96

Total 29

Note: SS are marginal (type I11) sums of squares
Grand Mean 150.73 CV 35.20

Appendix 3: Analysis of variance for total weed density at LRS in season 1
(Experiment 1)

Source DF SS MS F P

Replicate 2 1743.2 924.68

Rotation 9 58450.1 6050.062.580.0453

Error 18 52655.5 2369.85

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 130.80 CV 37.22
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Appendix 4: Analysis of variance for total weed density at LRS in season 2
(Experiment 1)

Source DF SSMS F P

Replicate 2 19448.3 9724.13

Rotation 9 22694.5 2521.61 1.67 0.0176

Error 18 27207.1 1511.50

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 112.07 CV 34.69

Appendix 5: Analysis of variance for total weed biomass at MITC in season 1
(Experiment 1)

Source DF SS MS F P

Replicate 2 589.4 269.900

Rotation 9 6554.2 706.9080.870.5739

Error 18 15476.2 842.654

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 91.240 CV 31.81

Appendix 6: Analysis of variance for total weed biomass at MITC in season 2
(Experiment 1)

Source DF SSMS F P

Replicate 2 1622.4 87.417

Rotation9 6752.0 684.556 0.89 0.4731

Error 18 12448.2 681.512

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 51.573 CV 50.99
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Appendix 7: Analysis of variance for total weed biomass at LRS in season 1
(Experiment 1)

Source DF SS MS F P

Replicate 2 35784.817997.8

Rotation 9 9319.7 1025.40.420.8133

Error 18 45213.7 2511.9

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 130.23 CV 38.48

Appendix 8: Analysis of variance for total weed biomass at LRS in season 2
(Experiment 1)

Source DF SS MS F P

Replicate 2 7660.0 3989.99

Rotation9 17720.2 1990.03 1.80 0.1788

Error 18 16791.8 1099.58

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 73.553 CV 45.08

Appendix 9: Analysis of variance for weed species diversity at MITC in season 1
(Experiment 1)

Source DF SSMS F P

Replicate 2 0.11198 0.05599

Rotation 9 0.63003 0.07000 0.36 0.0452

Error 18 3.52979 0.19610

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 1.3015 CV 34.03
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Appendix 10: Analysis of variance for weed species diversity at MITC in season 2
(Experiment 1)

Source DF SS MS F P

Replicate 2 0.49142 0.24571

Rotation 9 1.84038 0.20449 1.32 0.2230

Error 18 2.60047 0.14447

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 1.8036 CV 21.07

Appendix 11: Analysis of variance for weed species diversity at LRS in season 1
(Experiment 1)

Source DF SS MSF P

Replicate 2 0.105760.05488

Rotation 9 1.28305 0.15256 1.69 0.1312

Error 18 1.43742 0.07976

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 1.0599 CV 26.66

Appendix 12: Analysis of variance for weed diversity at LRS in season 2
(Experiment 1)

Source DF SS MS F P

Replicate 2 0.12685 0.06542

Rotation 9 0.58074 0.06853 0.91 0.5488

Error 18 1.27670 0.07893

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 1.3417 CV 19.85
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Appendix 13: Analysis of variance for weed species evenness at MITC in season 1
(Experiment 1)

Source DF SS MS F P

Replicate 2 0.00854 0.00327

Rotation 9 0.04920 0.00547 0.61 0.7833

Error 18 0.16137 0.00697

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 0.2741 CV 34.54

Appendix 14: Analysis of variance for weed species evenness at MITC in season 2
(Experiment 1)

Source DF SSMS F P

Replicate 2 0.04828 0.02414

Rotation9 0.05085 0.0665 0.470.7765

Error 18 0.21007 0.01167

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 0.4052 CV 26.66

Appendix 15: Analysis of variance for weed species evenness at LRS in season 1
(Experiment 1)

Source DF SS MS F P

Replicate 2 0.00861 0.00430

Rotation 9 0.10160 0.01129 1.58 0.1349

Error 18 0.12100 0.00672

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 0.2348 CV 34.92
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Appendix 16: Analysis of variance for weed species evenness at LRS in season 2
(Experiment 1)

Source DF SS MS FP

Replicate 2 0.01780 0.00890

Rotation 9 0.04721 0.00525 1.12 0.3987

Error 18 0.08440 0.00469

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 0.2882 CV 23.76

Appendix 17: Analysis of variance for weed species richness at MITC in season 1
(Experiment 1)

Source DF SS MS F P

Replicate 2 2.4667 1.23333

Rotation 9 35.2000 3.91111 0.84 0.5933

Error 18 84.2000 4.67778

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 8.0667 CV 26.81

Appendix 18: Analysis of variance for weed species richness at MITC in season 2
(Experiment 1)

Source DF SSMS F P

Replicate 2 7.200 3.6000

Rotation 9 177.867 19.7640 5.240.0004

Error 18 68.133 3.7852

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 9.6000 CV 20.27
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Appendix 19: Analysis of variance for weed species richness at LRS in season 1
(Experiment 1)

Source DF SSMS F P

Replicate 2 0.4667 0.23333

Rotation9 1.6333 0.18148 0.14 0.8774

Error 18 22.8667 1.27037

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 4.6333 CV 24.33

Appendix 20: Analysis of variance for weed species richness at LRS in season 2
(Experiment 1)

Source DF SS MS F P

Replicate 2 4.8667 2.43333

Rotation 9 9.6333 1.07037 0.94 0.5349

Error 18 20.4667 1.13704

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 6.6333 CV 16.08

Appendix 21: Analysis of variance for GMCC grain yield at MITC in season 1
(Experiment 1)

Source DF SSMS F P

Replicate 2 351807 175904

Rotation 9 4.4994998948 39.98 0.0000

Error 18 2250473 125026

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 1334.8 CV 26.49
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Appendix 22: Analysis of variance for grain yield at LRS in season 1 (Experiment
1)

Source DF SSMS F P

Replicate 2 535762 267881

Rotation 8 1.988E 2485404 21.69 0.0000

Error 16 1833434 114590

Total 26

Note: SS are marginal (type I11) sums of squares

Grand Mean 1000.2 CV 33.84

Appendix 23: Analysis of variance for GMCC biomass yield at MITC in season 1
(Experiment 1)
Source DF SS MS F P

Replicate 2 2.516 1.258

Rotation 9 3.781 4.2019.83 0.0000
Error 18 7.6914272793

Total 29

Note: SS are marginal (type I11) sums of squares
Grand Mean 3760.2 CV 54.97

Appendix 24: Analysis of variance for GMCC biomass yield at LRS in season 1
(Experiment 1)

Source DF SSMS F P

Replicate 2 3658478 1829239

Rotation 8 4.339 5.424E 36.95 0.0000
Error 16 2.348 1467812
Total 26

Note: SS are marginal (type I11) sums of squares
Grand Mean 4059.3 CV 29.85
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Appendix 25: Analysis of variance for PAN at MITC in season 2 (Experiment 1)
Source DF SSMS F P

Replicate 2 4370.8 2185.40

Rotation 9 40456.3 4495.14 5.28 0.0013

Error 18 15310.4 850.58

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 34.521 CV 84.48

Appendix 26: Analysis of variance for PAN at LRS in season 2 (Experiment 1)
Source DF SSMS F P

Replicate 2 700.4 350.2

Rotation 8 94452.3 11806.5 50.10 0.0000

Error 16 3770.8 235.7

Total 26

Note: SS are marginal (type I11) sums of squares

Grand Mean 48.070 CV 31.94

Appendix 27: Analysis of variance for pearl millet grain yield at MITC in season 2
(Experiment 1)
Source DF SSMS F P

Replicate 2 1.362 6810467

Rotation 9 1.951 2168272 2.95 0.0244
Error 18 1.324 735768

Total 29

Note: SS are marginal (type I11) sums of squares
Grand Mean 4188.4 CV 20.48
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Appendix 28: Analysis of variance for maize grain yield at LRS in season 2
(Experiment 1)

Source DF SS MS F P

Replicate 2 3466590 1733295

Rotation 9 2.233 2480776 1.66 0.1724
Error 18 2.692 1495711
Total 29

Note: SS are marginal (type I11) sums of squares
Grand Mean 4534.5 CV 26.97

Appendix 29: Analysis of variance for pearl milletstover yield at MITC in season 2
(Experiment 1)

Source DF SS MS F P

Replicate 2 7005519 3502759

Rotation 9 1.312 1458012 2.23 0.0702
Error 18 1.175 652982
Total 29

Note: SS are marginal (type I11) sums of squares
Grand Mean 4359.7 CV 18.54

Appendix 30: Analysis of variance for maize stover yield at LRS in season 2
(Experiment 1)

Source DF SSMS F P

Replicate 2 893329 446664

Rotation 9 7926494 880722 1.79 0.1393

Error 18 8837912 490995

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 3155.2 CV 22.21
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Appendix 31: Analysis of variance for supplementary biomass quantity at MITC at
end of season 1 (Experiment 1)
Source DF SS MS F P

Replicate 2 1.125 5625016

Rotation 9 1.694 1.882 10.26 0.0000
Error 18 3.301 1834000

Total 29

Note: SS are marginal (type I11) sums of squares
Grand Mean 2517.6 CV 53.79

Appendix 32: Analysis of variance for supplementary biomass quantity at LRS at
end of season 2 (Experiment 1)

Source DF SSMS F P

Replicate 2 2168045 1084022

Rotation 9 1.401 1556768 4.53 0.0031

Error 18 6191422 343968

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 2066.8 CV 28.38

Appendix 33: Analysis of variance for supplementary biomass quantity at MITC at
end of season 1 (Experiment 1)

Source DF SS MS F P

Replicate 2 1527027 763514

Rotation 9 1.984 2.205 37.50 0.0000
Error 18 1.058 587840
Total 29

Note: SS are marginal (type I11) sums of squares
Grand Mean 2337.1 CV 32.81
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Appendix 34: Analysis of variance for supplementary biomass quantity at LRS at
end of season 2 (Experiment 1)

Source DF SS MS F P

Replicate 2 161645 80822

Rotation 9 3597103 399678 3.84 0.0073

Error 18 1872510 104028

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 760.72 CV 42.40

Appendix 35: Analysis of variance for percentage contact ground cover at MITC in
March of season 1 (Experiment 1)

Source DF SSMS F P

Replicate 2 3220.47 1610.23

Rotation 9 5748.97 638.77 2.44 0.0511

Error 18 4707.53 261.53

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 71.367 CV 22.66

Appendix 36: Analysis of variance for percentage contact ground cover at MITC in
March of season 2 (Experiment 1)

Source DF SS MS F P

Replicate 2 50.87 25.433

Rotation 9 5959.50 662.167 12.76 0.0000

Error 18 933.80 51.878

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 61.833 CV 11.65
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Appendix 37: Analysis of variance for percentage contact ground cover at MITC in
Juneof season 1 (Experiment 1)

Source DF SS MS F P

Replicate 2 696.2 348.10

Rotation 9 10316.5 1146.28 10.55 0.0000

Error 18 1956.5 108.69

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 65.600 CV 15.89

Appendix 38: Analysis of variance for percentage contact ground cover at MITC in

Juneof season 2 (Experiment 1)

Source DF SS MS F

P

Replicate 2 132.200 66.1000

Rotation 9 231.200 25.6889 1.06
0.4342

Error 18 435.800 24.2111

Total 29

Note: SS are marginal (type I11) sums of squares
Grand Mean 83.400 CV 5.90 115

Appendix 39: Analysis of variance for percentage contact ground cover at LRS in
March of season 1 (Experiment 1)

Source DF SS MS F P

Replicate 2 317.40 158.700

Rotation 9 762.13 84.681 0.42 0.9068

Error 18 3619.27 201.070

Total 29

Note: SS are marginal (type I11) sums of squares
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Grand Mean 53.800 CV 26.36

Appendix 40: Analysis of variance for percentage contact ground cover at LRS in
Marchof season 2 (Experiment 1)

Source DF SSMS F P

Replicate 2 58.067 29.0333

Rotation 9 82.833 9.2037 0.46 0.8836

Error 18 361.267 20.0704

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 46.833 CV 9.57

Appendix 41: Analysis of variance for percentage contact ground cover at LRS in
Juneof season 1 (Experiment 1)

Source DF SSMS F P

Replicate 2 5.267 2.6333

Rotation 9 550.133 61.1259 5.56 0.0010

Error 18 198.067 11.0037

Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 38.533 CV 8.61

Appendix 42: Analysis of variance for percentage ground cover at LRS in June of

season 2 (Experiment 1)

Source DF SS MS F
P

Replicate 2 1722.4 861.217

Rotation 9 6152.0 683.556 0.99
0.4820
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Error 18 12447.2 691.512
Total 29

Note: SS are marginal (type I11) sums of squares

Grand Mean 51.573 CV 50.99
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