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EXTENDED ABSTRACT 

The study was conducted for three seasons aimed at developing a strategy that combines 

weed control with soil fertility enhancement using live and dead mulch for increased 

productivity of organic sweet pepper. Synchronization experiments were set to evaluate 

release patterns and availability of nutrients by leguminous green manures in soil. A 

randomized complete block design (RCBD) with a plot size of 3 m x 3 m replicated four 

times was used. Mucuna and greengram materials in mesh bags were buried 10 cm in soil. 

Replicated bags were removed weekly and analysed to determine decomposition rates and 

quantities of nutrients released into soil. The grown cover crops were slashed at the stage 

of 50% flowering and used as dead mulch for weed control and their influence on weeds 

dynamics evaluated when greengram and mucuna cover crops were used as live and dead 

mulch. Weed density, weed biomass and crop mineral contents were analysed each season 

and soil weed seed bank data were determined from different depths 0–10, 11-20 and 21-

30 cm from plots managed with hand hoe weeding, mixed grass mulch and cover crops 

treatment in four replicates. Farmers assessed the efficacy of each treatment and their 

preference by identifying the criteria for selecting the best treatment for weed control and 

soil fertility improvement. Different treatments were ranked depending on their 

effectiveness on weeds control and soil fertility improvement, its single use for the live 

and dead mulch, availability and costs of the materials and the amount of labour required 

for the specific treatment application. Mucuna decomposition was faster compared with 

greengram, from third to twelfth week of incubation. This implies that greengram has 

relatively more resistant materials to decomposition as compared with mucuna. Maximum 

effect on soil nutrient content occurred in sixth and seventh weeks after application of 

green manures. Total organic C in soils treated with cover crops increased by a factor of 

2.3 to 3.2. Total N increased significantly from 1.28% to 2.64% at sixth week in soil with 
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greengram and to 2.83% at seventh week in soil with mucuna. Available P content of soil 

increased from 0.03 to 0.39 and 0.37 mg kg
-1

 in soil treated with greengram and mucuna, 

respectively. Optimum microbial population was attained from fifth to seventh week after 

manure application, with 2.3 x 10
8
 in soil with greengram and 3.08 x 10

8
 with mucuna, 

significantly improved compared with original population. Plots planted with greengram 

and mucuna cover crops reduced weed species to 13 and 12, respectively, from 17 weed 

species identified at the beginning of the experiment. Mucuna cover crop reduced weed 

biomass from 33.1 g/m
2
 to 9.1 g/m

2
 and weed seed bank density from 17922 to 9418 per 

metre square. However, Cyperus rotundus, Cynodon dactylon and Elangia codifolia 

remained to be the most observed weeds in both treatments throughout the experimental 

period. Growth of sweet pepper plants planted in plots with mucuna cover crop was 

improved by increasing stem branches to 22, leaves to 157 and high number of fruits per 

plant (25). The highest total N and P in vegetative parts were recorded in crops planted 

with mucuna having 2.81 and 1.63% and those planted with greengram 2.48 and 1.09%. In 

farmers’ assessment, farmers’ criteria for selecting the best weed and soil fertility 

management treatment were sweet pepper yield, fruit quality, weeds control and soil 

fertility improvement. Farmers preferred the two green manure cover crops in terms of 

absolutely ranking, matrix ranking and pairwise ranking. The cover crops were also 

preferred due to their cost effectiveness, sustainability and availability, giving the farmers 

more profit compared with other treatments. Results from this study have shown the 

suitability of the cover crops on weed control and improving soil fertility. It has been 

observed that the two cover crops mucuna and greengram can suppress different types of 

weeds above ground and below ground in terms of weed seed bank. However, this 

depends much on the type of weeds available in site, as results indicate that sedge and 

grasses were not completely suppressed and few managed to grow passing the live cover 
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crops mulch and dead mulch. Furthermore, one year application of cover crops for weed 

control did not significantly reduce weed and weed seeds population. Therefore, to obtain 

sustainable benefits of using cover crops, it is important to use these cover crops 

frequently in more than one season. This will help building residue effects within the field 

for sustainable profit. 
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CHAPTER ONE 

 

1.0 GENERAL INTRODUCTION 

1.1 Introduction 

Vegetables are horticultural plants that are highly valued as sources of vitamins, 

provitamins, dietary minerals, fibers, carbohydrates and little amounts of proteins and fats 

in human diets (Rubatzky and Yamaguchi, 2012). Vegetables are produced by using 

conventional as well as organic agriculture systems. Conventional agriculture is an 

agriculture system which makes use of synthetic chemical fertilizers, pesticides and other 

industrial materials (Horrigan et al., 2002). Several literatures accounts have associated 

conventional agriculture with soil erosion, water and soil pollution (Montgomery, 2007), 

and poor human health as it contains less antioxidants (Stracke et al., 2009) and higher 

concentration of heavy metal (Rembialkowska, 2000). Therefore, conventional agriculture 

is typically a highly resource and energy intensive agriculture system.  

 

Alternatively, in contrast to conventional agriculture system, organic agriculture is a 

holistic production management system which promotes and enhances agro-ecosystem 

health, including biodiversity, biological cycles and soil biological activities. Agro-

ecosystem health is accomplished by using, where possible, agronomical, biological and 

mechanical methods, as opposed to using synthetic materials, to fulfil any specific 

function within the system (FAO, 1999). Therefore, organic agriculture is based on 

minimizing the use of synthetic chemical inputs, avoiding the use of synthetic fertilizers 

and pesticides (FAO/WHO, 2001). Organic agriculture takes care of the site-specific 

conditions through fostering resources cycling, promote ecological balance and conserve 

biodiversity.
 
Since 1990, the market for organic products has grown from virtually nothing 
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to more than $ 80 billion with 43.7 million hectares of agricultural land cultivated (Willer 

and Lernoud, 2016).  

 

Organic agriculture popularity has been growing with years due to the public concerns on 

environmental degradation and regarding human health effects of pesticides. This has led 

to an increasing interest in application of sustainable agriculture system specifically 

organic agriculture as a solution to the two problems because of its all-natural approach. 

The organic agriculture systems aim at making the best use of environmental goods and 

services whilst conserving natural, social and human capitals (Shreck et al., 2006). 

Sustainability in agricultural systems incorporates the concept of both resilience which is 

the capacity of the system to resist shocks and stresses, and persistence which is the 

capacity of the system to tolerate shocks and stresses (Pretty and Waibel, 2005). 

Therefore, organic agriculture is considered inherently sustainable system since it 

represents a deliberate attempt to make the best use of local natural resources. The organic 

farming system aims at creating an integrated humane, environmentally and economically 

viable agricultural system in which maximum reliance is put in local or on farm renewable 

resources, as well as the management of ecological and biological processes. 

 

Organic agriculture productivity and its potential contribution to global food security is 

challenged by different constraints, among them are soil fertility improvement (Carr et al., 

2012) and weed pest management (Bàrberi, 2002; Kruidhof et al., 2008). In order to avert 

poor soil fertility and weeds in organic production systems, organic mulch is among 

potential solutions which can be used as a multipurpose solution for both weed control and 

soil fertility improvement. Organic mulches such as cover crops, straw, leaves or wood 

chips have regulating effects in soil which can offer advantages such as conservation of 
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soil moisture, reduced soil erosion, as well as suppression of weeds and plant disease 

(Sinkeviciene et al., 2009). Alharbi (2015) has reported the positive effects of mulch in 

improving soil quality. Mulching using organic mulch usually leads to stimulation of soil 

microbial communities due to its addition of organic matter into the soil (Saria et al., 

2018).  

 

In Tanzania, organic agriculture history dates back to 1898 in Ruvuma region with a 

garden of different vegetables (UN, 2006). This agriculture system has been recorded to 

extend and to be practiced in different regions in recent years.  These regions are Arusha, 

Kilimanjaro and Kagera for organic vegetables, coffee, banana, papaya and pineapples; 

Iringa and Njombe for organic tea, vegetables and avocado; and Tanga and Morogoro 

where famers produce different types of vegetables and cocoa under organic practices. 

According to a UN report, organic cotton was recorded in Meatu and Kishapu districts, in 

Simiyu and Sinyanga regions, respectively (UN, 2008). 

 

1.2  Problem Statement 

Organic vegetable production in Tanzania still faces constraints of lack of capital, poor 

soil fertility, pests control, drought, inputs availability, poor physical and chemical quality 

of the produces (Ngowi et al., 2007; Ngereza and Pawelzik, 2016). Among pests, weeds 

appear to have the most negative effects. Kumar et al. (2015) reported 13-78% yield 

reduction in different crops, including vegetables, due to weeds. In Tanzania, organic 

farmers control weeds mostly by hand hoeing or pulling which increases labour by 30-

45% hence limiting the acreage of land a farmer could cultivate (Chianu and Akintola, 

2003). Loss in soil fertility is a major problem facing most of Africa Sub-Saharan 

agriculture leading to low production (AGRA, 2013). Furthermore, securing supply of 
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optimal quantities of phosphorus (P), potassium (K) and nitrogen (N) supply from farm 

yard manures, crop residues, compost, dead and live mulch like cover crops manures used 

in organic farming is a major challenge (Johnston, 1991; Frøseth, 2016; Raviv, 2010). 

Therefore, organic agriculture is facing a challenge of identifying appropriate materials 

which can supply optimal levels of mineral nutrients required by the soil and specific crop 

for its optimal growth and development. Lack of synchrony between mineralization of 

organic N from organic manure sources and plant N requirements leads to low 

productivity in organic agriculture despite application of different nutrient sources 

(Robertson et al., 2012; Crews et al., 2016). Lack of synchrony has forced farmers to try 

using different techniques including incorporation of the manure in to the soil, 

decomposing manure before application to the farm and timing of planting later after 

manure application to overcome this problem. 

 

1.3  Justification Statement 

Mulching is a multipurpose strategy mainly used for both pest control and soil 

improvement for increasing plant production in organic systems. Mulching will help 

farmers to increase soil organic matter content which can support microorganisms that 

destroy common weed seeds (Tian et al., 2016). Mulching plays a great role of conserving 

soil moisture, providing nutrients, suppressing weeds in organic agriculture and 

conserving natural enemies of insect pests by providing them with suitable habitat, 

humidity, protection and alternative prey (Mochiah and Baidoo, 2012). Mulching 

especially with legume plants provides Nitrogen (Zotarelli et al., 2012) which is among 

major factors mostly limiting soil productivity either alone or with P in different 

agriculture systems (Bouwman et al., 2013). Yet, cover crops mulch have advantages of 
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reducing the ability of weeds to germinate (Mirsky et al., 2013) and improving chemical 

and physical characteristics of the soil (Abdollahi and Munkholm, 2014). 

 

Increasing beneficial insect activities has been reported in organic farms under cover crop 

mulching which help in controlling nematodes and other pathogens (Danne et al., 2010). 

Beneficial insects to a greater extent are favoured by mulching materials by providing 

habitat, nests for reproduction and protection from predators and hash conditions. Some 

studies have shown the possibility of using organic mulches in vegetable production for 

reducing production costs (Sharma et al., 2011; Saria, 2014) and enhancing environmental 

characteristics. Therefore, organic farmers can use mulching technology like cover crop 

legumes and mixed grass in order to improve organic agriculture production and 

furthermore conserve natural, social and human capitals. 

 

1.4 Objectives 

1.4.1 Overall objective 

To develop a strategy that combines weed control with soil fertility enhancement using 

live and dead mulch for increased productivity of organic sweet pepper. 

 

1.4.2 Specific objectives 

i. To determine soil fertility dynamics of ultisol as influenced by greengram and 

mucuna applied as live cover crop green manures.  

ii. To evaluate effects of live and dead mulching materials on weed occurrence, seed 

bank and diversity and their potential for improving sweet pepper physical and 

chemical attributes. 
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iii. To determine farmer’s criteria on selection and preference of mulching 

technologies and their economic benefit in organic sweet pepper production.  

 

1.5 General Literature Review 

1.5.1 Organic agriculture 

Organic agriculture is a holistic production management system which promotes and 

enhances agro-ecosystem health, including biodiversity, biological cycles and soil 

biological activities. Agro-ecosystem health is accomplished by using, where possible, 

agronomical, biological and mechanical methods, as opposed to using synthetic materials, 

to fulfil any specific function within the system (FAO, 1999). Organic agriculture aims at 

making the best use of environmental goods and services whilst conserving important 

resources, particularly natural, social and human capital (Reganold and Wachter, 2016). 

Organic agriculture contends on holistic sustainability of the system which is usually 

attained through incorporating both the concept of resilience and persistence (Darnhofer et 

al., 2010). This is the agriculture system which is based on minimizing the use of 

synthetic chemical inputs and avoiding the use of synthetic fertilizers and pesticides. It is 

considered inherently sustainable since it represents a deliberate attempt to make the best 

use of local natural resources by reducing the use of external inputs in production and pest 

control. 

 

The ability of organic agriculture’s productivity and potential contribution to feeding the 

world population has been a matter of discussion for many years, with many people 

sceptical on its ability. However, Badgley et al. (2007) argue that organic production can 

contribute substantially to feeding the current and future world population, and that it may 

even be possible to reduce the agricultural land base to be comparable to conventional 
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production. Different studies and reports have shown that organic agriculture is a farming 

system that will be of increasing importance in global food and ecosystem security. The 

number of organic farms, land size under organic farming and the market size for organic 

foods has been progressively increased (Willer and Lernoud, 2016). Many farms in both 

developed and less-developed countries implement organic practices but are not certified 

organic. Reganold and Wachter (2016) explained an increasing number of farmers who 

turn to certified organic farming systems as a way to provide verification of production 

methods, decrease reliance on non-renewable resources, capture high-value markets and 

premium prices, and boost farm income. Furthermore, organic produces are considered 

safer for human health than conventional produces (Smith-Spangler et al., 2012). 

 

Insect pests can cause direct loss of the crop or can be vectors of disease pathogens in both 

organic and conventional agriculture. Pest control in agriculture, especially in 

conventional agriculture, has been a major source of environmental pollution (Sun et al., 

2012). Replacing conventional pest control practices with organic agriculture practices, 

which avoid the use of synthetic chemicals like pesticides, would substantially reduce 

environmental pollution and associated environmental impacts. In organic control insect 

pests are controlled through promotion of natural enemies like spiders and wasps, which 

can compensate for the absence of pesticides, and these natural enemies can control pests 

like aphids (Birkhofer et al., 2016). Birkhofer et al. (2013) observed higher abundance of 

spiders in organically managed fields compared to conventionally managed fields. In 

addition to that, Thies et al. (2011) highlighted the importance of beneficial insects like 

web-building spiders which are predators of insect pests like aphids and are used as 

biocontrol.  
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However, very few studies have been conducted to develop insecticides acceptable in 

organic agriculture. Also, there are no any studies done to develop herbicides 

recommendations acceptable in organic agriculture. 

 

1.5.2 Weeds’ effects on plants 

Weeds are among major production constraints in agriculture, as they deprive the crop 

plants of available nutrients, space, light, and moisture. Weeds can cause loss in crop 

yields amounting to 34% in average even in organically produced crops if not effectively 

managed (Oerke, 2006). In solanaceae crops, including sweet pepper, weeds appear to 

have most deleterious effects. Amare et al. (2015) quantified a loss of up to 91% in yield 

caused by weeds. However, these losses can be reduced up to 0% if weeds in organic 

farms are managed properly (Armengot et al., 2013). Vegetable crops vary widely in their 

response to weed competition, ranging from non-competitive crops, such as onion, to 

moderately competitive ones, such as potato and transplanted cabbage (Pimentel et al., 

1991; Uzo and Currah, 2018). Studies have shown that vegetable yields were increased by 

up to 16% when mulch was applied during the first week after transplanting (Hossain, 

2007). 

 

Weeds can affect crops in different ways including competing with crops for mineral 

nutrients, water and light in the field (Swanton et al., 2015) and also by acting as 

alternative hosts for insect pests and disease pathogens (Zachrisson et al., 2017). Kaur et 

al. (2018) described weeds as serious competitors for water and are a major cause of 

reduced crop yield or crop failure worldwide in non-irrigated areas, denying the crop 1 

250 tonnes of water from one hectare in a wet season leading to poor crop germination, 

growth and even production (Lim et al., 2015). Chauhan (2013) explained the ability of 
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some weeds such as R. cochinchinensis to tolerate drought condition than crops by 

increasing leaf weight ratio and hence increasing its competitive advantage over crops. 

The result of this competition is that, when water becomes limiting, crops with fibrous 

root systems show wilting symptoms earlier than associated weeds (Kaur et al., 2018). 

 

Soil mineral content is another important competition factor between weed pests and 

crops, which affects crop growth, development and production. Weeds are in upper hand 

when it comes to soil minerals competition, nutrient absorption is faster and higher in 

weeds than in crop plants (Akhtar et al., 2017). Edelfeldt et al. (2016) observed the ability 

of weed plants to utilize nitrogen earlier in their development than the main crop plants, 

making them better competitor during crop development period. Nitrogen alone or with P 

is the nutrient that most commonly limits productivity of different agroecosystems 

including organic farming (Zhang et al., 2015).   

 

Weeds also act as alternative host for different pests during and off the main crop season, 

enabling the pathogen to complete their life cycle even in the absence of crop host. Due to 

weeds diversity, it can harbour more different type and species of pathogens and allowing 

them to mutate, making it more difficult to control them (Linde et al., 2016). Thompson et 

al. (2015) found weeds to be the host and habitat of most of the Diaporthe species crop 

pathogens.  Weed canopies provide humid and cool microclimate in which fungi and 

bacteria infect their vegetable hosts and also weeds provide shelter for pest insects and 

other types of animals, such as rabbits and rodents. A study done by Saeed et al. (2015) 

showed the importance of alternative host plants as reservoirs of the cotton leaf hopper 

Amrasca devastans.  
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With organic farming which protects and nurture the environment, studies are needed to 

determine the changes in weed behavior in response to agronomic practice changes.  

 

1.5.3 Mulching 

The use of mulch is a common practice for weed and soil fertility control on organic 

farms. Mulches such as cover crops and leaves have been documented to offer advantages 

such as conservation of soil moisture, reduced soil erosion, weed and disease suppression 

from the field (Altieri, 2018). Studies have indicated the importance of live mulch in 

organic agriculture as it was observed that, organic cropping system heavily rely on cover 

cropping for weed management (Mirsky et al., 2013). Live and dead mulching have been 

an effective method of manipulating crop growing environment to increase yield and 

quality by controlling weed growth, ameliorating soil temperature, conserving soil 

moisture, reducing soil erosion, improving soil structure and enhancing organic matter 

content (Kader et al., 2017; Lowry and Smith, 2018). Tomato crops mulched with Faba 

beans were observed to have improved tomato crop physiology as well as minerals 

concentration in fruits, with significantly highest magnesium concentrated in fruits 

(Galieni et al., 2017). Sujatha et al. (2018) supported the findings on the ability of mulch 

to increase fruits quality as they reported an increase in total soluble solid (8.83 °Brix), 

juice percentage (83.05%), specific gravity (1.15 g/cm
3
), vitamin C content (58.88 mg/100 

g), total sugars (9.50%) and minimum physiological loss in weight (13.5% at 1 DAH and 

25.30% at 2 DAH), titrable acidity (0.61%) and very less albinism disorder (0.28%) when 

the field was mulched by rice straw mulch. 

 

Slashing and defoliation of legume cover crops has been found to substantially increase 

mineralization of N. Ayres et al. (2007) quantified the increase in mineralization up to five 
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times following legume cover crops defoliation which also led to an increase of microbial 

population by 77%. These findings indicate that, slashing of legume cover crops after 

attaining sufficient biomass in organic fields may have great impact on soil fertility and 

improve synchronization between nutrients release by these cover crops and plant uptake. 

Also, cover crops can be used as means of increasing land productivity following a decline 

due to the increase of weed infestation, pests and diseases (Yates et al., 2011). Some cover 

crops have an advantage of having allelopathic effects on weeds increasing their 

effectiveness on weeds control (Kunz, 2016). 

 

Awodoyin and Ogunyemi (2005) reported weed control efficiency of 27-97% in pepper 

production depending on the mulching materials used, while Thankamani et al. (2016) 

reported an efficiency of up to 72% weed control when mulch was applied in ginger fields. 

A study by Dube et al. (2012) indicated that cover crops managed to control weeds of 

Eleusine indica (L.) Gaertn., Amaranthus palmeri S. Wats, and Ipomoea lacunose L. 

throughout the season by reducing their biomass, and also reduced the weed seed bank in 

conservation till systems. For example, the cover crops hairy vetch and oat effectively 

reduced seed banks to about 30-70% of weeds, including Datura stramonium L., Digitaria 

sanguinalis (L.) Scop., Amaranthus retroflexus L., and E. indica in the upper soil layer 

(Dube et al., 2012). Therefore, live and dead mulch like cover crops and mixed grass can 

be the best alternative to help in reducing weed infestation in field crops (Király et al., 

2018). 

 

Mulching is another alternative for controlling insect pests in organic agriculture. Oerke 

(2006) estimated yield losses for major food and cash crops due to infestation of different 

pests reached 32.1% of total yield, however mulch can be used to control some of these 
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pests like weeds and insects. In India, insect alone caused a loss of up to 21.5 US dollars 

in 2007 to 2008 in major agricultural crops (Dhaliwal et al., 2010). When vegetables are 

grown in living cover crop mulches they are found to reduce insect pests and the damage 

caused by them (Hooks and Johnson, 2006). Genger et al. (2018) observed reduced 

number of potato leafhopper pests in straw mulched plots than mechanically cultivated 

plots in organically potato production. Quintanilla-Tornel et al. (2016) found higher 

abundance and richness of detritivores, predatory arthropods, parasitoids and beneficial 

free-living nematodes (particularly bacterivores and fungivores) densities in cover crop 

mulched plots compared with bare plots. These beneficial insects had negative correlation 

to insect pests limiting aphid populations. Skidmore et al. (2017) reported reduced striped 

cucumber beetle and squash bug numbers in row cover mulch organic cucumber 

production leading to increased cucumber marketable yield. 

 

Studies have indicated the ability of mulch to manage weeds and soil fertility. However, 

most of these studies have been done in other crops, and therefore, few studies have been 

done in sweet pepper crops. Furthermore, they are hardly any studies relating mulch 

application to the quality of crop produced. 

  

1.5.4 Influence of live and dead mulch on soil fertility and microbial population 

Cover crops mulch has been used as green manure and for weed management since the 

origin of agriculture (Williams, 2006). Cover crops green manure and mulch are used for 

soil fertility control to replenishing soil nitrogen that had been taken up by crops and to 

provide organic matter for maintaining soil fertility and improve its properties (Sarwar et 

al., 2010). Studies have revealed the advantage of cover crops in increasing soil water 

content to the following crop in the following season through increased surface residue 
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cover and infiltration after their termination (Unger and Vigil, 1998). A study done by 

Mwango et al. (2016) in Tanzania in the Usambara mountains showed significant 

improvement in soil fertility status under Tughutu (Vernonia subligera O. Hoffn) 

mulching than under sole soil, with 0·46 versus 0·38% total N, 37 versus 22 mg kg
-1

 P and 

0·6 versus 0·2 cmol kg
-1

 K. Furthermore, the Tughutu mulch significantly controlled soil 

loss through erosion from 35 in sole soil to 8 Mgha
-1

 y
-1

. Prosdocimi et al. (2016) 

observed the reduction of median water loss from 52.59 to 39.27% and median erosion 

rate from 2.81 to 0.63 Mg ha
− 1

 h
− 1 

when straw mulch was applied in vineyard farms. 

 

Decreases in soil organic matter lead to a decline in agricultural and biomass productivity, 

poor environmental quality, soil degradation and nutrient depletion, and finally to food 

insecurity (Lal, 2015). Conventional practices like deep tillage, inorganic fertilizers and 

pesticides used to control pests and poor soil fertility problems are not accepted in organic 

farming (Sainju et al., 2002). This is due to their potential ability of degrading soil and 

water quality by increasing soil erosion, soil organic matter mineralization and nitrogen 

concentration on surface and ground waters (Carrera et al., 2007).  

 

Results from a study done by Altieri et al. (2011) also confirmed that cover crops 

improved soil moisture retention, soil fertility, and crop productivity. Mbuthia et al. 

(2015) demonstrated that long-term no-till and use of cover crops under a low biomass 

monoculture crop production system results in significant shifts in conditions that favor C, 

N and P cycling compared with those under conventional tillage practices. These practices 

also led to 5% increase in soil quality in cover crop mulched fields compared with fields 

with no cover crop mulch. The study by Reynolds et al. (2017) showed the greatest acid 

phosphatase activity due to effect of oat cover crop on soil phosphatase enzymes, 
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concluding that cover crops could be a potential means to enhance soil phosphorus 

cycling. In addition, cover crops increase soil organic carbon without causing a decline in 

yields, nor carbon losses like what organic manure applications may do (Poeplau and Don, 

2015). In addition, the benefit of organic fertilizers to the soil are of twofold, the materials 

supply nutrients in soil for organic agriculture and in long run they improve soil physical 

characteristics and favour macro and micro-organisms populations (Gellings and 

Parmenter, 2016). Therefore, the system becomes self-sufficient as it is sustainable in 

terms of nutrient supply and soil nurturing. 

 

Another way in which mulch is beneficial to the soil and crops is through its influence on 

the soil microbial community by reducing soil temperature and moisture evaporation from 

the soil and therefore moisture dynamics (Lange et al., 2014). Cover crops and mulch 

increase the potential population of macro and microorganisms, and their activities in the 

soil because they increase the total inputs of organic materials to the soil. Saria et al. 

(2018) reported the ability of mulches to stimulate soil microbial communities due to 

organic matter addition. Muhammed et al. (2015) described the influence on the 

population of bacteria, fungi and actinomycetes in mulched plots of Okra as compared 

with unmulched plots.  

 

Zhang et al. (2017) explained the ability of rice straw mulching in both strengthening the 

retention ability of soil microbial residues dominantly contribute to soil organic matter 

accrual enhanced by rice straw used as mulch. Reddy et al. (2003) reported the increase in 

total bacterial and fungal population density in the soil after three years with the 

application of crimson clover or cereal rye cover crop compared with the soil without 

cover crop. The increase was ascribed to the ability of cover crops and mulch to provide 
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conducive environments like increased water content, moderate soil temperature changes, 

provide food sources at soil surface and retention of burrows to the macro and 

microorganisms’ favour (Mele and Carter, 1999). Lundquist et al. (1999) reported an 

increase of 24 to 52% of active bacteria and 400 - 600% of bacterial feeding nematodes in 

just 14 days when rye was applied. Therefore, on achieving these, agricultural 

technologies as no-till farming, application of compost, mulching for both live and dead 

mulch and legume cover crops have been cited as possible alternatives in organic 

agriculture system (Altieri, 2018).  

 

However, addition studies should be done on the effect of to identify which type of mulch 

is relevant for benefiting a specific type of soil. Also, it is important to evaluate the long 

term effect of mulch in the soil organic carbon accumulation. 

 

1.5.5 Criteria for selection of weed and soil fertility management by farmers 

Sweet pepper farmers are faced with pest, soil fertility and water challenges (Ngereza and 

Pawelzik, 2016). In order to overcome these challenges, cultivation of sweet pepper 

becomes labour and input intensive and associated with high capital investments. 

Therefore, farmers always look for a technology to control pets which is time and labour 

effective, and therefore cost-effective (Martinsen et al., 2017). Furthermore, farmers select 

a technology which when used as mulch for pest control can be of great potential to 

improve soil physical properties, prevent erosion, regulate soil temperature and water 

retention, supply organic matter and other soil nutrients, as well as increase the biological 

activity (Bhardwaj, 2013). Also farmers prefer a technology which is simple in application 

and will reduce management costs and other logistics to farmers (Waller et al., 1998). 

Eckert and Bell (2005) concluded that any technology that does not consider farmer’s 
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strongly held values, beliefs and on-farm decision making needs is less likely to be 

adopted by farmers. 
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Abstract 

Synchronisation between supply of plant available nutrients to crops’ needs and uptake is 

a major challenge in Sub-Saharan Africa. Experiments were set to evaluate release 

patterns and availability of nutrients by leguminous green manures in soil. Mucuna and 

greengram materials were buried 10 cm deep in mesh bags. Replicated bags removed 

weekly and analysed to determine decomposition rates and quantities of nutrients released 

into soil. Mucuna decomposition was faster compared with greengram, from third to 

twelve week of incubation. This implies that greengram has relatively more resistant 

materials to decomposition compared with mucuna. Maximum effect on soil nutrient 

content occurred in sixth and seventh weeks after application of green manures. Total 

organic C in soils treated with cover crops increased by a factor of 2.3 to 3.2. Total N 
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increased significantly from 1.28% to 2.64% at sixth week in soil with greengram and 

2.83% at seventh week in soil with mucuna. Available P content of soil increased from 

0.03 to 0.39 and 0.37 mg kg
-1

 in soil treated with greengram and mucuna. Optimum 

microbial population was attained from fifth to seventh week after manure application, 

with 2.3 x 10
8
 in soil with greengram and 3.08 x 10

8
 with mucuna, significantly improved 

compared with original population.  

Key words: green manure, soil fertility, incubation period, cover crop.  

 

2.1 Introduction 

Poor soil fertility has been one among the major problems in agriculture in Sub-Saharan 

Africa, leading to poor crop productivity (Camara and Heinemann 2006). Agriculture in 

many African countries is subjected to poor nutrient replenishment in soils, leading to soil 

degradation and hence poor productivity (Kimetu et al., 2008; Abate et al., 2017; 

Shepherd 2007). However, the use of inorganic fertilisers alone cannot be a long term 

solution for soil fertility management among poor African farmers, and thus integrated 

soil fertility management has been proposed (Sanginga and Woomer 2009). The 

synchronisation between sufficient supply of plant available nutrients like phosphorus (P), 

potassium (K) and nitrogen (N) to the crops needs and uptake is a major challenge 

(Edmeades 2003; Sharma et al., 2008; Mafongoya et al., 2006). However, the use of 

leguminous plants as green manure can be a good alternative for replenishing soil fertility 

and diversify farm productivity in intensive production because legumes generally are 

nutrient rich (Diacono et al., 2011; Mafongoya et al., 2006).  

 

Therefore, agriculture intensification in poor fertility soils can be supported through 

natural means of improving and sustaining the soil fertility (Vanlauwe et al., 2014). Cover 
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crops, which are used for pests control in organic agriculture, can be a good source of 

nutrients as green manure (Mulvaney et al., 2008; Sarwar et al., 2010) and also increase 

soil organic matter content which can support soil microbial activity (Lundquist et al., 

1999). The use of cover crops as green manure and for weed control was adopted as 

strategy for replenishing soil nitrogen that had been taken up by crops and to provide 

organic matter for maintaining soil’s fertility and improving its properties (Mulvaney et 

al., 2008; Ganry et al., 2001). Marandu et al. (2011) observed an increase of about 12.4 

mg mineral N kg
-1

 soil when maize was grown in rotation with greengram.  

 

There is evidence on the ability of Mucuna species green manure to influence soils’ 

physical and biological and chemical properties (Djigal et al., 2012; Elfstrand et al., 

2007). However, lack of synchrony between mineralization of organic N from green 

manure and plant N requirements of a subsequent crop is a major challenge (Palm et al., 

1997; Mafongoya et al., 1998). Understanding the nutrient release patterns of the green 

manure applied is thus a prerequisite to optimize an efficient use of the green manure and 

to sustain a high value vegetable crop (Baijukya et al., 2006; Möller 2009). 

 

The objective of the current study consequently was to determine relative decomposition 

patterns, nutrient release rates and microorganism proliferation as influenced by two 

leguminous green manure crops, mucuna (Mucuna pruriens) and greengram (Vigna 

radiata (L.)), that were incorporated into the soil under field conditions in Morogoro, 

Tanzania, using the mesh bag approach.  
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2.2 Materials and Methods 

2.2.1 Experimental site 

The field decomposition study was carried out at Sokoine University of Agriculture 

(SUA) Crop Museum in Morogoro region (06
o
 50’ 34.4” S and 6

o
 82’ S, 37

o
 38’ 50.3”) 

lying at an average elevation of 534 m.a.s.l. The location has bimodal rainfall of 800-1000 

mm annually with the short rains in November to January and the longest from March to 

May. Rainfall patterns for the twelve weeks at the experimental area during the 

experiment are presented in Figure 2.1. 

 

 

Figure 2.1: Rainfall patterns at the experimental site during the twelve weeks of the 

experiment 

 

For the previous three seasons the field was used for cultivating various annual crops. The 

initial soil analysis of the experimental site within SUA crop museum was done for a 

composite soil sampled diagonally across the site within the 0-20 cm depth. The area is 

characterized by kaolinitic clay soils which are well drained. The physiographic features 
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of the area are characteristically an undulating convex land and the slope is about 4% 

(Kisetu and Mtankimwa 2013). The sample was air dried and ground to pass through a 2 

mm sieve. 

 

2.2.2 Experimental layout and sampling 

Mucuna (Mucuna pruriens) and greengram (Vigna radiata (L.)) were grown adjacent to 

the experimental site to the 50% flowering stage. The crops were harvested just above the 

soil surface, chopped and 500 g fresh weight filled into polyethylene plastic mesh bags (20 

x 20 cm) of 2 mm mesh size. The litter-bags were buried 5-10 cm deep into the soil in four 

replicates. For twelve consecutive weeks, with exact intervals of 7 days, four replicated 

mesh bags were sampled for decomposition analysis. The 5 cm soil located directly below 

the mesh bags was collected. The plant and soil samples were air dried in a screen house 

for 72 hours and then oven dried for 24 hours at 70
0
C to constant weight. The samples 

were ground ready for analysis to determine their decomposition patterns.  

 

2.2.3 Plant analysis 

Total nitrogen was determined by using a sample of 0.2 g of green manure which was 

transferred to a 500 ml Kjeldahl tube and two grams of mixed salts catalyst (K2SO4 + 

CuSO4 + selenium powder, in the ratio of 10: 10: 1 by weight) was added. Ten ml of 

H2SO4 were added. The mixture digested for one hour at 360
o
C. After cooling, 50 ml of 

water were added, followed by 25 ml of H3BO3 and 50 mls of 40% NaOH. The mixture 

was distilled and about 200 ml of distillate collected. The distillate was titrated using 

0.05N H2SO4 (Horneck and Miller 1998). 
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2.2.4 Phosphorus content 

Extractable P was determined using the Bray 1 method (Kovar et al., 2009). A sample of 

three grams was taken in to the extraction bottle, 20 ml of extraction solution and shaken 

thoroughly. Then the mixture was filtered through filter paper. Five milliliters aliquot of 

the sample mixture was transferred to 50 ml volumetric flask and 10 ml of water added.  

Two millilitres of phosphate reagent was added and the volume was made to 50 ml, the 

colour was allowed to develop in 15 minutes. Then phosphorus content in solution was 

determined in a spectrophotometer at 882 nm. 

 

2.2.5 Soil analysis 

2.2.5.1 Organic soil carbon 

Organic carbon analysis of the green manure was done using the Walkely-Black method 

(Yeomans and Bremner1988). Duplicate samples of 1 g were weighed in an Erlenmeyer 

flask, 10 ml of 1N K2Cr2O7 was added followed immediately by 20 ml concentrated 

H2SO4 and hand shaken for about a minute to oxidize the soil’s organic carbon. Then the 

mixture was allowed to stand on asbestos plates for 30 minutes. About 100 ml of water 

were added followed by 10 ml orthophosphoric acid and 10 drops of diphenylamine 

indicator. The solution was titrated with FeSO4 to determine the organic carbon. 

 

2.2.5.2 Total soil nitrogen and Phosphorus 

These elements were also determined using the same methods used for the analysis of the 

plant materials. 
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2.2.5.3 Ca and Mg content 

The exchangeable Ca and Mg were determined from the same solution used to determine 

P by atomic absorption spectrophotometer (Cheng 1951). 

 

2.2.5.4 Cation Exchange Capacity (CEC)    

The soil remained after exchangeable bases extraction filtration was washed using 100 ml 

of ethanol and then placed into plastic bottles. 50 mls of 4% KCL were added and shaken 

for 30 minutes, distilled and the distillate collected over Boric acid. Then the distillate was 

titrated with 0.1N H2SO4 and the titre value was used to calculate the CEC (Rhoades 

1982). 

 

2.2.5.5  Total microbial count 

Microbial count was done by determining moisture content of the sample. Ten grams 

sample was placed in 90 ml water and shaken vigorously to uniform suspension to detach 

microbial cells from soil particles in to the suspension. One ml of the suspension was 

transferred to 9 ml water, and similarly the dilution was continued up to a dilution of 10
7
. 

Then the 10
3
 to 10

7
 dilutions were plated into petri dishes with nutrient agar and spread 

evenly. The plates were incubated 21
0
C for four days and then plates with 30-300 colonies 

were selected for microbial population counting and calculation of microbial populations. 

The microbial population per gram of soil was calculated using the formula: 

 

Microbial population = colony count x dilution counted 

Weight of soil 
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2.2.6 Data analysis 

Data were subjected to analysis of variance using GENSTAT statistical program (Genstat 

release 6.1 Lawes Agricultural Trust). Treatment means were ranked using Duncan’s 

Multiple  ange Test at P≤0.05. 

 

2.3 Results 

2.3.1 Decomposition patterns of the green manures 

The decomposition patterns of the green manures were assessed using decreases of 

organic carbon (C), total nitrogen (N), phosphorus (P) content and associated changes in 

nutrient content and total microbial populations in the mesh bags and in the soil just below 

the mesh bags. Initially the weight of the green manure incubated in the soil decreased 

with time immediately from the first week throughout the incubation period (Fig. 2.2) 

following a first-order negative exponential curve (mucuna: R
2
=0.98 and greengram            

R
2
= 0.98) as commonly found in other studies (Melillo et al., 1989; Palm and Sanchez 

1990; Campbell et al., 1995). 

 
Figure 2.2:  Mean decrease in dry weight per mesh bag of the green manure 

materials upon incubation over time 
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The proportion of organic C content in the plant materials was about 40% for mucuna and 

35% for greengram. However, the half-life (t
1/2

) of the two materials was similar as both 

attained their half-life at the fifth week of incubation as it is shown in Figure 2.2. Due to 

the negative exponentially, the decomposition pattern of the two green manures were fast 

to about the seventh week of incubation which concur with other studies done by Omollo 

and Abayo 2011 and Whitbread et al., 2004. This pattern of decomposition led to the rapid 

decrease of the proportion of organic C in the mesh bags in first six to seven weeks of 

incubation (Fig. 2.3). Some of the C is respired but others are eventually added and 

incorporated in the soil below the mesh bag as its accumulation is shown in Figure 2.4.  

 

 
Figure 2.3:  Mean organic carbon content in dry matter of residue plant materials 
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Figure 2.4:  Mean amount of organic carbon accumulation in soil just below the 

mesh bags 

 

2.3.2 Decrease in nitrogen in the residual plant materials and nitrogen gains in soil 

For both green manure materials, the trend in the proportion of N in the mesh bag 

mirrored the trend in the proportion of carbon (Fig. 2.5). The net release of N from the 

mesh bag was evident in the soils below the mesh bag (Fig. 2.6) until week 7, after which 

release rates decreased substantially as the microbial biomass started to decrease (Fig. 

2.13), precipitation increases (Fig. 2.1) and the content in the soil stabilized (Fig. 2.6). 

 

 
Figure 2.5:  Mean proportion of total nitrogen in plant material dry matter upon 

incubation 
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Figure 2.6:  Mean amount of nitrogen accumulation in soil just below the mesh bags 

upon incubation 

 

2.3.3 Phosphorus decrease in decomposed residual plant materials and P gains in 

soil 

The P content of the degrading green manures followed a linear decline (Fig. 2.7) with 

R
2
=0.94 for mucuna and R

2
=0.95 for greengram. The degradation of P from both types of 

plant materials did not differ significantly. In both green manures, the P release was fast 

up to the ninth week and then became stagnant. However, the quantity of P in the 

decomposing mucuna materials was higher for the first five weeks as compared with that 

in greengram and then it dropped below that of greengram at the tenth to twelfth weeks of 

incubation.  
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Figure 2.7: Decrease pattern of phosphorus in the plant materials 

 

Interestingly, the amount extractable inorganic P (Bray 1) accumulation in the soil was 

faster and higher in the soil under mucuna compared with greengram (Fig. 2.8). At the 

fourth week, soil incubated with mucuna had attained 0.35% of P compared with 0.1% of 

greengram (Fig. 2.8). At the sixth week, the extractable P had reached the same level but 

green gram had a slower start.  

 

 
Figure 2.8: Patterns of phosphorus gain in the soil upon incubation 
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2.3.4 Decrease in calcium in plant materials and calcium gains in soil 

The trend of Ca release by the green manures and gain by the soil is presented in Figure 

2.9. Calcium release from the plant materials proceeded steadily, with the rate decreasing 

somewhat in the last three weeks. Throughout the incubation period the residual green 

manures did not differ in their Ca contents and the release into the soil below it. The faster 

rate of decomposition and nutrient release by green manure was also observed by Cobo et 

al. (2002), where mucuna had high release of Ca up to the twentieth week after 

incorporation in the soil, as revealed by higher accumulation in the soil. This was also 

observed in the present study where the plant materials continued to release Ca for all the 

twelve weeks. 

 
Figure 2.9:  Decrease patterns of calcium in the plant materials 

 

In the soil, the Ca gain trend was similar between the two green manures as it is shown in 

Figure 2.10. However, soils incubated with mucuna attained highest total Ca at the sixth 

week, which was one week later as compared with greengram which attained its peak at 
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the fifth week. The decrease of Ca observed in the present study beyond the fifth and sixth 

weeks was due to its high immobilisation in the soil. Cobo et al. (2002) observed a similar 

trend of Ca release from decomposing green manure; however, no consistent trend was 

found on the Ca accumulation patterns due to its high immobilisation. Other authors 

reported high ability of Ca immobilisation in the decomposing materials in different ways 

and through its accumulation in fungi found in the decomposing materials (Lehmann et 

al., 1995; Alvarez et al., 2008). 

 
Figure 2.10: Calcium gains patterns in soil upon incubation 

 

2.3.5 Decrease in magnesium in plant materials and magnesium gains in soil 

The release of Mg from the two green manures and its gain in the soil throughout the 

incubation period is shown in Figure 2.11 and 2.12. Mucuna released slightly higher 

amount of Mg as compared with the greengram.  
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Soil incubated with mucuna had the highest amount of Mg at the sixth week after 

incubation, while that with greengram reached its highest level at the seventh week. 

Thereafter, there was a slight decrease in soil Mg. 

 

 
Figure 2.11:  Decrease patterns of magnesium in the plant materials 

 

 
Figure 2.12:  Magnesium gains patterns in soil upon incubation 
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2.3.6 Microbial populations in the soils under decomposing green manure materials 

The total microbial population increased for six weeks following the introduction of the 

two green manures, with a subsequent decrease as shown Figure 2.13. The initial 

population in the soil was about 1.628 x 10
5
, which increased up to 2.3 x 10

8
 in soil with 

greengram and up to 3.08 x 10
8
 in the soil with mucuna. Transformed into Log10, these 

values translated to 5.21, 8.05 and 8.50, respectively (Fig. 2.13). 

 

  
Figure 2.13:  Microbial populations in the soil under decomposing plant materials 

 

2.3.7 CEC changes in soil supplemented with mucuna and greengram 

The soil treated with mucuna and greengram green manure attained higher CEC in the 

seventh week, as presented in Figure 2.14. The CEC in the soil treated by mucuna was 

31.5 while that with greengram was 30.6 cmol kg
-1

 respectively at seventh week after they 

were incorporated in the soil, as compared with the original soil whose CEC was 10.8 

cmol kg
-1

.  
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Figure 2.14: Changes in soil CEC upon plant materials incubation 

 

2.4 Discussion 

2.4.1 Organic carbon patterns and C:N ratio 

The organic C compounds released from the plant materials could be seen accumulating in 

the soil immediately below the decomposing material in the first six weeks. The 

accumulation did not continue throughout but reached its optimum at the 6
th
 week and 

subsequently decreased (Fig. 2.4). This dynamic is attributed to the early build-up of the 

soil microbial population (Fig. 2.13) that use the organic compounds as substrate and to 

the fact that extensive leaching has taken place due to excess of precipitation during the 

last 5-6 weeks of the experiment (Fig. 2.1). 

 

In accordance with the negative exponential degradation pattern, amounts and rates of C 

being released from the mesh bags decreased substantially after the seventh week and 

simultaneously the release rates from the mesh bags most likely also decreased due to the 
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stabilisation of the litter, for example the carbon content approaching stability (Fig. 2.3) as 

the C:N ratio of the residual litter approached 8-9 at week 5 after incubation after which 

the microbial activity may have been slowed down (Manzoni et al., 2008).  

 

For both manure substrates, the C:N ratio decreased from approximately twelve initially to 

five at week twelve after burying the litter bags, following a simple linear pattern. This 

demonstrates the potency of the green manures in the sense that it decomposes very 

rapidly (Fig. 2.2) and at the twelfth week had reached a structure that resembled soil. The 

relative low C:N ratio will also lead to a net release of N almost instantly. The apparent 

linearity agrees with theory (Ågren and Bossata 1998; Manzoni et al., 2008) whereby 

these substances, as green manures with an initially low C:N ratio of approximately 

twelve, must be viewed towards the late period of the exponential process. 

 

The relatively low C:N ratios is the exact reason for terming these substrates “green 

manure”. The low C:N ratios indicate that the degradation of the organic materials will not 

cause a net immobilisation (Ågren and Bosatta 1998) but be able to net release inorganic 

N into the soil matrix that can benefit crop growth. The rapid decomposition under the 

current conditions is contrary to the relatively low mineralisation rates under north 

European conditions as explained by Baggs et al. (2000). 

 

2.4.2 Total Nitrogen patterns 

The experimental site had been used for cropping the previous cropping seasons and yet it 

had a fairly good total N content (1.28%). The inclusion of the green manures, however, 

was a high injection of N to the soil such that a high flux of inorganic N must be 

anticipated. Other studies (Baggs et al., 2000; Edmeades 2003; Thorup-Kristensen et al., 
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2003) also observed significant increase of N in different soils treated with different green 

manures in long term application, explaining the difference in N contribution to the soil by 

these different green manures.  

 

The higher soil N under mucuna could be due to the fact that mucuna had higher leaf:stem 

ratio which accounted for the higher total N (Fig. 2.5). These results agree with Cobo et al. 

(2002) who observed mucuna to have released higher amount of N as compared with the 

other green manures. In addition to that, in a similar decomposition study, Chikowo 

(2004) showed prolonged N immobilisation under field conditions. After the seventh and 

eighth weeks, the amount of N in soil started to decrease due to the fact that most of the N 

released was nitrified and then lost or leached as nitrate upon watering, where it was 

leached beyond the sampling zone. 

 

2.4.3 Extractable P and Mg patterns 

Despite the delay in enriching the soil in extractable P (Bray-1), for greengram it still 

reached the same high level as mucuna and it is still justified to call them green manures 

when it comes to supplying plant available P to the crops, which concur with the 

observation done by Randhawa et al. (2005). The chemical composition of the source 

material did not differ (Fig. 2.7) leading to the speculation that differences may be caused 

by the morphological differences between the two species, particularly the leaf stem ratio 

(Albrecht et al., 1987). This has been seen to influence the release rate in other studies 

(Cobo et al., 2002) and possible interactions between the leaf-stem due to high soluble C 

contents in the stem (Quemada and Cabrera 1995).  
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The fast decrease of P in the residual of the decomposing plant materials may be due to its 

soluble nature in the plant cell. Studies by Frossard et al. (1995) and Giacomini et al., 

(2003) observed that soluble P in plant tissues is also available in the form of diesters 

(nucleic acids, phospholipids, and phosphoproteins), which can easily be released through 

microbial decomposition activities. This led to the release of most of the P from the two 

green manures in the first eight weeks of incubation. The difference in P content compared 

with N content in the litter is due to the fact that P, to a higher degree, is organically bound 

(Hassan, 2013: Randhawa et al., 2005) whereas a higher proportion of the N content 

initially is soluble (Hättenschwiler and Vitousek 2000). 

 

Mg release from plant materials was almost similar in both green manures. In both plant 

materials the trend of decomposition was similar, with a somewhat steady rate of 

decomposition throughout. The difference between the two types of green manures was in 

the gains of Mg in the soil, whereby the soil incubated with mucuna gained more Mg as 

compared to that incubated with greengram. Other studies have also observed that soil Mg 

usually accumulates and became higher mainly in the top soil then decreased with depth 

(Brar et al., 2002). 

 

2.4.4 Microbial population 

The increase in soil microbial population was a result of increase in energy and nutrient 

sources for microorganisms due to the addition of green manures. Bakken et al. (2006) 

and Lavelle et al. (1999) observed that organic material provided by green manure 

promotes the activity of soil organisms, as a source of energy and nutrients. Cover crops 

and mulch increases the populations of macro-organisms and micro-organisms and their 

activities in the soil, because they increase the total inputs of organic materials to the soil 
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(Reddy et al., 2003).  Increase in total microbial population density in the soil is ascribed 

to the ability of the two green manures to provide conducive environments like increased 

soil moisture content, ensuring moderate changes in soil temperatures, providing food 

sources at the soil surface and retention of soil burrows that favour growth and 

multiplication of macro and micro-organisms.  

 

A study by Elfstrand et al. (2007) on the responses by soil microbial communities to green 

manuring detected an increase in soil microbial biomass when green manures were added 

to the soil. Lundquist et al. (1999) also reported an increase of 24 to 52% of active 

bacteria into the soil due to the application of rye green manure. Some studies have 

revealed the ability of mucuna green manure to increase soil organic matter and improve 

soil moisture regimes (Barthes et al., 2004). Other studies have shown that the increase in 

microbial population depended on the availability of the organic matter supplied by the 

soil amendment materials and that the population increase is rather short lived following 

plant incorporation (Lundquist et al., 1999). 

 

2.4.5 Cation Exchange Capacity (CEC) 

The improvement of CEC was mainly due to the ability of the two green manures to 

release bases like Ca and Mg, as well as other cations upon decomposition. This was also 

observed by Kimetu et al. (2008) who explained the importance of green manure in the 

improvement of soil CEC. The soil CEC protects cations from leaching out of the plant 

root zone and makes them available to plant roots (Orcutt 2000). 

 

The decrease in CEC beyond the seventh week was due to the oxidation of NH4
+
 to give 

NO3
-
 which is highly soluble and in turn is leached beyond the sampling zone. Chikowo et 
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al. (2004) observed the accumulation of NO3
-
 beyond 40 cm depth of soil just three weeks 

after the beginning of the rainy season. On the other hand, NH4
+
 which is lost from the soil 

as ammonia gas through the process of volatilization contributes to the decrease in CEC 

beyond the seventh week. This was also observed by Zhenghu and Honglang (2000) who 

found a negative correlation between ammonium volatilization and soil CEC. 

 

2.5 Conclusions and Perspectives 

Using mucuna and greengram as green manure can be of great potential in increasing soil 

fertility which can contribute to improving crop production. However, in order to achieve 

this, the optimal period when the plant can benefit from the nutrients released should be 

well synchronized with the optimal release of the nutrients from the decomposing green 

manures. The sixth to eighth weeks after incorporation seem to maximize nutrients release 

form the green manure, and planting of main crops should target to take advantage of this 

maximum release period of the green manure. This investigation provides justifiable 

insights for improving soil fertility and demonstrates the suitability of mucuna and 

greengram green manures as suitable in the overall scenario of integrated soil fertility 

management strategy to enhance soil nutrient dynamics and plant nutrition under these 

tropical soil conditions.  
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CHAPTER THREE 

 

3.0 PRODUCTIVITY AND MINERAL QUALITY OF ORGANIC SWEET 

PEPPER UNDER LIVE AND DEAD MULCH FOR MANAGEMENT                
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Abstract 

A study was conducted to investigate the ability of cover crops and other weed control 

methodologies in weed management and to determine their effect on weed diversity, 

biomass and frequency dynamics. Also cover crops were assessed for ability to increase 

crop nutrients uptake to optimise sweet pepper mineral qualities. Experimental plots were 

managed with greengram cover crop, mucuna cover crop, mixed grass dead mulch, 

weeding and unweeded plots as control in four replicates. Data on crop growth, 

production, crop mineral contents, weed density, diversity, biomass and weed seedbank 

were collected and analysed each season, for three seasons. Soil weed seed bank data were 

determined from depths 0–10, 11-20 and 21-30 cm from each treatment. Plots planted 

with greengram or mucuna cover crops reduced weed species to 13 and 12, respectively, 
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in the third season, from 17 initial species identified at the beginning of the experiment. 

Mucuna reduced weed biomass from 33.1 g/m
2
 to 9.1 g/m

2
 and weed seed bank density 

from 17922 to 9418 per metre square. Cyperus rotundus, Cynodon dactylon and Elangia 

cordifolia were the most dominant weeds in both treatments. Plots planted with mucuna 

cover crops resulted in high number of sweet pepper fruits per plant (25), improved sweet 

pepper growth by increasing stem branches from 7 to 22 and leaves from 52 to 157. Sweet 

pepper planted with cover crops had highest total N and P, with mucuna having 2.81% of 

N and 1.63% of P, while those planted with greengram had 2.48% N and 1.09% P 

compared to the control plots with 1.01% N and 0.41% P. Cover crops improved sweet 

pepper crop growth by increasing height up to 61.8 cm from 31.8 cm and branches from 

10.8 to 24.4, productivity from 0.8 to 9.1 t ha
-1

 and had highest amount of N (2.81%) and 

P (1.64%) due to their ability in controlling weeds, providing conducive micro-

environment and improve soil fertility. 

Key words: cover crops, weed seed bank, weed diversity, mineral nutrients. 

 

3.1 Introduction 

Weeds and soil fertility control are crucial for organic vegetable farming. Most weed 

species rely on seed for regeneration and persistence. Weed seeds can stay viable in the 

weed seed bank below the soil for at least four years and many remain viable for up to 

twenty years if conditions are favourable (Liebman et al., 2001; Saatkamp et al., 2014). 

Understanding weed seed bank dynamics is essential for identifying the optimal weed 

management practices and systems for specific field and crop (Norsworthy et al., 2012). 

Weed management through tillage which disturbs the soil in turn affects weed seed depth 

in the soil and therefore plays a significant role in weed seed bank dynamics in terms of 

species compositions and populations. The weed seed species and density composition in 
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the soil vary greatly and are closely associated with the cultural practices and cropping 

history of a specific field and time. Crop rotation and weed control practices also impact 

the weed seed bank in the soil (Gibson et al., 2016). 

  

Failure to effectively control weeds also increases soil seed banks over time, which can 

lead to costly infestations in crops grown later within the field (Mirsky et al., 2010). 

Furthermore, the uncontrolled weeds can act as alternative hosts for economically 

important insect pests and diseases. Kruidhof et al. (2008) suggested that, the negative 

effects of weeds on crops can be limited not only by reducing weed density, but also by 

minimizing the resource consumption, growth and competitive ability of each surviving 

weed. Liebman et al. (2001) proposed that weeds should be shifted towards less 

aggressive composition which is easy to manage. Convenience and profitability 

considerations lead farmers to seek weed management systems which use a desirable 

blend of labour, input costs and management skills (Pardo et al., 2010). Therefore, this 

study was conducted to investigate the ability of cover crops and other weed control 

methodologies in weed management and to determine their effect on weed diversity, 

biomass and frequency dynamics. Also, their ability on increasing crop nutrient uptake to 

optimise sweet pepper mineral quality was assessed. 

 

3.2 Weed management in organic agriculture 

In organic agriculture alternative means of weed management are considered other than 

herbicides use which also have high residual effects on human and environmental health 

(Hiltbrunner et al., 2007). Organic agriculture system relies on practices which are 

ecological friendly such as hand hoe weeding which damage weeds mechanically or by 

biological agents as cover crops (Garratt et al., 2018). Hand hoe weeding is the major 
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means of weeds management in organic fields which grows vegetables (Cloutier et al., 

2007). However, studies have shown that hand hoe weeding can only control up to 50% of 

the weeds in the field (Cheema and Khaliq, 2000). Limitations with hand hoe weeding 

include limited weed control in crop rows at early vulnerable crop stages and weather-

dependent effectiveness (Kurstjens, 2007). Hand hoe weeding increases overall labour 

days compared to other weed management systems (Muoni et al., 2013). Tillage and hand 

hoe weeding promotes weeds germination as they expose deposited seeds from the soil 

weed seed bank from lower to upper soil layers. The seeds in upper soil layer obtain 

optimum condition for germination like moisture, aeration, temperature and light which 

prompts weed seeds germination (Chung and Paek, 2003).  

 

Live or dead mulch are other major practices used in organic agriculture for weeds 

management. Live and dead mulch can be among the major means of suppressing weeds 

and manipulating their environmental conditions to prevent them from re-establishing and 

increase their seed bank which is very important for eradicating especially noxious weed 

species (Vranjic et al., 2000). The use of cover crops has advantages of reducing the 

ability of weeds to germinate (Kunz et al., 2016) or shift weed species composition in a 

way which is less competitive to crops (Liebman and Davis, 2000). Anthofer and Kroschel 

(2007) revealed the ability of Mucuna pruriens cover crop to reduce both frequency and 

average density of eight persistent weeds when applied by slashing and mulch in maize 

fields.  

 

3.2.1 Cover crops effect on soil fertility 

In most of sub Saharan countries poor agriculture productivity has been generally 

associated with poor soil fertility and low inputs application, resulting to  depletion of 
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nitrogen, phosphorus, potassium and other trace elements in most of the soils (Cordell et 

al., 2009). This has been caused by the inability of small scale farmers to acquire soil 

inputs for agriculture production associated with high input costs and poor infrastructure 

(Dorward and Chirwa, 2011). Furthermore, in this regard, recent efforts have been 

focussed more towards the production of foods which are nutrient rich and of high quality 

in environments which are sustainable to ensure bio-safety. Organic agriculture system of 

farm production attracts the growing demand for biological based organic fertilizers as a 

replacement of conventional chemical fertilizers (Bhardwaj et al., 2014). In organic 

farming, the use of inorganic fertilisers is not accepted leaving the farmers with few 

options for soil fertility supplementation and management. 

 

Application of cover crops and animal manures which are recommended for maintaining 

soil fertility and crop productivity in organic agriculture, is faced with a challenge of  

inadequate knowledge on the amounts required for them to be effective in replenishing 

soil productivity (Vanlauwe et al., 2015). Farmers have therefore been left with the option 

of using varieties subjected to low input practices. Studies have proved that, legume cover 

crops are reliable means of improving crop yields (Poeplau and Don, 2015). Cover crops 

do play an important role in soil fertility management through their short term effects on 

nutrient supply and coupled with a longer term contribution to soil organic matter 

(Wittwer et al., 2017).  

 

3.2.2 Influence of cover crops on crop productivity 

Crop productivity largely depends on nutrients availability in the soil and the agronomic 

practices applied to the crop. Studies have pointed the ability of cover crops to increase 

crop productivity through soil fertility improvements. Kimetu and Lehmann (2010) 
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reported the ability of cover crops to improve soil organic matter when used as green 

manure leading to the increase in crop productivity. Also cover crops have shown the 

ability of increasing soil N and its availability to plants from the soil while providing 

available P to plants (Agegnehu et al., 2015). Furthermore, cover crops have been reported 

to increase soil micro nutrients which are essential to plants growth (Chukwuka and 

Omotayo, 2008). Application of cover crops have shown to have advantage to crop root by 

improving root growth and also improve crop vigour (Rosolem et al., 2002). Therefore, 

green manures can have great advantage on crop growth and productivity. However, the 

quality of the organic resource applied determines its effects on nutrients availability in 

the soil and to the plant. Vandecasteele et al. (2016) reported a reduction in readily 

available P when biochar was applied to improve composting process of green manures, 

and furthermore biochar as a means to increase C content of the compost was only 

effective during compost storage. 

 

Saria et al. (2018) indicated long term nutritional advantage of cover crops to the targeted 

crops due to slow rate of nutrient release to the soil making nutrients available for plants 

uptake up to eight weeks. Ghoname and Shafeek (2005) indicated the advantages of slow 

release fertilizers on increasing the production of sweet pepper in terms of fruit yield from 

36.7 up to 86.6 ton ha
-1

 and vigour by having more leaves and stem branches compared to 

fast release fertilisers. Roy et al. (2011) associated the improvement on the proper growth, 

development and yield maximization of sweet pepper when optimal fertilisers were 

applied to the crop in all crop growth stages. A study by Xu et al. (2001) revealed an 

increase in total number of flowers, fruits and yield with the gradual release and increase 

of nitrogen supply to the plants. Furthermore, the study showed early ripening fruits with 

gradual increase in nitrogen supply. Therefore, cover crops which release nutrients slowly 

https://www.sciencedirect.com/topics/engineering/reduction
https://www.sciencedirect.com/topics/engineering/c-content
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to the soil can be of great advantage to the sweet pepper crops by improving its quality 

and quantity. 

 

3.2.3  Influence of soil fertility management practices on fruits mineral nutrient 

content 

Soil fertility management practices can have effect on the mineral content of the harvested 

produces of different crops (Riedell et al., 2009). Organic farming practices promote an 

increase of soil organic matter and a gradual release of plant nutrients, allowing plants to 

derive a more balanced nutrition (Altieri and Nicholls, 2003). Thus, while the amount of N 

immediately available to the crop may be lower when organic fertilizers are applied, the 

overall mineral nutrients content of the crop appears to be improved. The study done by 

Wang and Klassen (2006) explained the effects of different soil amendments on 

concentration of various nutrients element of Okra, among other elements they observed 

an increase of 24% N on Okra fruits when valvet beans were used as manure, while sun 

hemp enhanced okra root N concentration by 70%. 

 

A study done by Roe et al. (1997) reported a significant increase of P, K, Ca and Mg in 

sweet peppers and cucumbers grown on soil supplemented with compost. Furthermore, 

Colla et al. (2002) reported that organically grown tomatoes were soil fertility was 

managed by cover crops and composted manure were significantly higher in P and Ca and 

conventionally grown tomatoes were higher in N and Na. Toor et al. (2006) associated 

high concentration of Mg in tomato fruits produced on soil treated with grass-clover 

mulch with higher rate of mineralisation of Mg from the mulch resulted to greater Mg 

uptake by the plants. While, Pradhan et al., (2007) demonstrated the effect of soil fertility 

treatments on chemical content and flavour quality of cabbage.  
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In organic agriculture, there is still a need to search for alternative agronomic practices 

which can combine weed control and soil fertility for improving sweet pepper 

productivity. Therefore, this study evaluated the effects of live and dead mulching 

materials on weed occurrence, seed bank and diversity and their potential on improving 

sweet pepper physical and chemical attributes.  

 

3.3 Materials and Methods 

3.3.1 Experimental location  

The experiment was conducted at Sokoine University of Agriculture (SUA) research farm 

(6
o 
85’ 22” South, 37

o
 65’ 76” East) and Towero village (6

0
 51’ S, 37

0
 41’ E) in Morogoro 

region, Tanzania. SUA lies at 600 m.a.s.l. characterized by bimodal rainfall of which the 

short rains are from November to December with an average of 600 mm and the long rains 

in March to June with an average of 1000 mm. The Towero village lies at 2868 m.a.s.l. 

with short rainfall in November to December with an average of 950 mm and long rains 

from March to June with an average of 1922 mm. 

 

3.3.2 Land preparation 

The experimental area was ploughed by deep tilling and harrowed using hand hoes. Then 

the experimental plots were raised after deep tilling and harrowing.  

 

3.3.3 Layout 

A randomized complete block design (RCBD) with a plot size of 3 m x 3 m replicated 

four times was used to test five different treatments. Treatments were implemented as 

follows; 
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3.3.4 Treatments 

3.3.4.1 Cover crops 

Results from studies on cover crop decomposition and nutrients release (Saria et al., 2018) 

which showed that, slashed cover crops started to decompose and release nutrients in the 

fourth weeks after slashing were used to plan for this study. The results were used to 

determine the appropriate time for main crop introduction to the field. Two cover crops 

mucuna and greengram were used for weed control. The cover crops were planted in their 

respective plots after land preparation. Mucuna was planted at a spacing of 75 cm between 

rows and 30 cm within row, while greengram was planted at a spacing of 10 cm between 

rows and 10 cm within rows. After three months mucuna cover crop which attained 50% 

flowering were slashed and left on top of the soil as dead mulch. The greengram cover 

crop was slashed 55 days after planting at the stage of 50% flowering and also left on top 

of the soil as dead mulch.  

 

3.3.4.2  Mixed grass mulch 

Unseeded mixture of different dead grasses was also used for weed control. A mixture of 

unseeded grasses was collected and used as dry mulch on plots managed by dead mulch. A 

layer of 15 cm of mixed grasses was applied on top of the soil as mulch three days after 

sweet pepper seedlings transplanting. Mixed grass mulch treatment was supplemented by 

250 g of animal manure. 

 

3.3.4.3  Hand hoe weeding 

Weeding was done using hand hoe in plots managed by weeding. Hand hoe weeding was 

done three times, the first weeding was done at second week after sweet pepper 

transplanting, second weeding was done at the fourth week and the third weeding was 

done at the six week after sweet pepper seedlings transplanting. 
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3.3.4.4  Control 

In a control treatment weeds were allowed to grow undisturbed throughout the 

experimental period. 

 

3.3.5 Seedling transplanting 

Four weeks old sweet pepper seedlings were transplanted at a spacing of 70 cm between 

rows and 30 cm within rows. Plots were having five rows with eleven plants each 

providing a population of 55 plants per plot equivalent to 47,600 plants per hectare.  

 

3.3.6  Data collection 

3.3.6.1 Weed infestation 

Weeds were recorded twice, at second and fourth week after sweet pepper seedling 

transplanting. Weed data were collected in a quadrat of 1m² established at the centre of 

each plot covering two sweet pepper central rows leaving guard rows on either side of the 

plot and 15cm from each end of the plot. The number of weeds was determined by 

counting the number of broadleaf weeds, grass weeds and sedge weeds separately. Data 

from each treatment was used to calculate weed density and frequency as follows.  

 

 Di = (Σ Yi) / n 

Where:  Di = density of species i; ΣYi = number of individual plants of species i contained 

in the sampling unit; n = surface area of the sampling unit. 

 

 Fi = (∑Yi x 100) / n 

Where: Fi = frequency value for species i; ΣYi = number of sampling units (which was two 

per plot) with species i present; and n = total number of sampling units surveyed. 
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Weed count data were subjected to square-root transformation for obtaining normal 

distribution of the recorded data before proceeding with analysis of variance (ANOVA). 

 

3.3.6.2 Weed biomass 

The weed biomass (g/m²) was determined by cutting weed shoots at the root collar near 

the ground level in earlier established quadrats at the twelfth week after transplanting. The 

collected weed shoots were oven dried at 70ᵒC for 72 hours and then weighed to obtain the 

total weed dry weight (Demjanová et al., 2009).  

 

3.3.6.3 Weed diversity index 

The diversity index was calculated using Shannon’s diversity index (H’) as described by 

Magurran in 2004 (Rosenberg, 2005). 

 

3.3.6.4 Weed seed bank  

Weed seed bank was determined by floatation method which is used to quantify the total 

number of probable seeds per hectare (Tsuyuzaki, 1994). Three samples from each plot 

were collected from different depths, which were 0-10 cm, 11-20 cm and 21-30 cm. The 

samples were analysed through flotation and weed seed were extraction as described by 

Konstantinović et al. (2011). Soil samples were passed through two sieves, a nine mesh 

with larger openings to retain coarser materials like plant residues and then a 32 mesh to 

retain weed seeds, soil particles and plant material that were not retained by the previous 

sieve.  

 

One litre aliquot of soil was mixed with 300 ml of 5.5 M K2C03 solution and stirred for ten 

minutes. Then the sample was centrifuged at more than 4000 rpm for about five minutes. 

Buried seeds and lighter organic matter floated to the top of the solution while soil 
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particles and heavy materials settled at the bottom. The solution was filtered through a 

filter paper, seeds and organic materials collected on the filter paper were rinsed 

thoroughly with distilled water and blotted dry. The extracted seeds were transferred to 

Petri dishes, air-dried for two weeks at room temperature and with the aid of a magnifying 

glass and a microscope inert materials were separated then weed seeds sorted, counted and 

identified. Probable number of weed seeds in the soil per hectare in each soil layer was 

calculated as described by Monqueiro and Christoffoleti (2003).  

 

3.3.6.5 Crop growth 

Different crop growth data were collected from a total of 27 plants obtained in the inner 

three rows leaving a guard row from either side in a plot of 55 plants. At the vegetative 

stage 45 days after transplanting, plant height, number of branches, number of leaves per 

plant and days to 50% flowering were determined.  

 

3.3.6.5.1 Days to 50% flowering 

This is the time taken for half of the plant population at the inner rows excluding guard 

rows which are used for data collection. In each plot the 50% flowering was recorded 

when at least 14 plants from the 27 plants have flowered. This was done by counting the 

number of flowered plants within the plot. 

 

3.3.6.5.2   Plant Height 

Plant height was measured from the five plants which were selected for destructive 

sampling out of the 27 plants of the central rows excluding guard rows by measuring tape 

from the plant root collar at the ground level the tip of the apical leaf. 
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3.3.6.5.3   Number of branches per plant 

Total number of branches per plant was determined by counting both primary and 

secondary branches of the five plants selected for destructive sampling out 27 plants 

allocated for data collection. Plant branches were recorded 45 days after sweet pepper 

seedling transplanting. 

 

3.3.6.5.4   Number of leaves per plant 

The total number of leaves per plant was determined from the same five plants used for 

determining number of branches. Number of leaves per plant was obtained by counting all 

fully opened leaves on plant leaving the bud primordial at the shoot apex. 

 

3.3.6.6   Plant biomass 

Sweet pepper plant biomass (g/m²) was determined by cutting five plants from the centre 

of the plot. The plants were cut at the root collar near the ground level 45 days after 

transplanting. The collected sweet pepper shoots were oven dried at 70ᵒC for 72 hours and 

then weighed to obtain the total sweet pepper plant dry weight (Demjanová et al., 2009). 

 

3.3.6.7 Yield and yield components 

The remained 22 plants after destructive sampling from the middle rows of the plot were 

selected and tagged in each plot for yield data collection. This excluded plot guide rows 

and five plants used as destructive sampling for biomass determination. 

 

3.3.6.7.1   Number and weight of fruits per plant 

In each harvest, harvested fruits per each plant were counted, weighed and recorded to 

ascertain the average total number and weight of fruits per plant. 
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3.3.6.7.2    Fruit length and width 

Twenty fruits were randomly selected from each plot at the second harvest, length and 

width of each fruit were measured using a Vernier caliper. The mean lengths and width 

(cm) were then recorded from each plot (IPGRI, 1995) 

 

3.3.6.8 Crop mineral content 

Ten sweet pepper fruits randomly selected from the total harvested fruits for determination 

of fruits mineral contents. Also 45 days after transplanting, a quadrant of 1m
2
 was 

determined at the centre of two central rows of each plot with a total of eight sweet pepper 

plants. From the eight plants, destructive sampling was done by randomly cutting five 

plants at root collar for determination of different minerals content in sweet pepper plant 

vegetative parts. For the vegetative parts from the root collar including shoots and leaves 

of the crop N, P and K were determined and Mn, Zn, Cu, Mg and Fe were determined for 

the sweet pepper fruits from each treatment. The mineral contents were determined as 

follows; 

 

3.3.6.8.1 Total nitrogen 

Plant materials were left to desiccate for 7 days, then transferred in an oven at 70
o
C for 72 

hours to complete the drying process. Then after, the materials were grinded and a sample 

weight of 0.2 g was transferred to a 500 ml Kjeldahl tube and two grams of mixed salts 

catalyst (K2SO4 + CuSO4 + selenium powder, in the ratio of 10: 10: 1 by weight) was 

added. Ten ml of H2SO4 were added. The mixture digested for one hour at 360 
0
C. After 

cooling, 50 ml of water were added, followed by 25 ml of H3BO3 and 50 mls of 40% 

NaOH. The mixture was distilled and about 200 ml of distillate collected. The distillate 

was titrated using 0.05 N H2SO4 (Horneck and Miller, 1998). 
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3.3.6.8.2    Phosphorus content 

Extractable P was determined using the Bray 1 method (Kovar et al., 2009). A sample of 

three grams dried sweet pepper shoot was placed in to an extraction bottle and mixed with 

20 ml of extraction solution and shaken thoroughly. Then the mixture was filtered through 

filter paper. Five milliliters aliquot of the sample mixture was transferred to 50 ml 

volumetric flask and 10 ml of water added.  Two milliliters of phosphate reagent was 

added and the volume was made to 50 ml, the colour was allowed to develop in 15 

minutes. The extractable P content in solution was determined in a spectrophotometer at 

882 nm. 

 

3.3.6.8.3    Mg content 

Exchangeable Mg was determined using the Bray 1 method (Kovar et al., 2009). A sample 

of three grams of dried sweet pepper fruits was added in to the extraction bottle, 20 ml of 

sodium bicarbonate extraction solution and shaken thoroughly. Then the mixture was 

filtered through a filter paper. Five millilitres aliquot of the sample mixture was 

transferred to 50 ml volumetric flask and 10 ml of water added.  Two millilitres of 

phosphate reagent were added and the volume was made to 50 ml, the colour was allowed 

to develop in 15 minutes. The exchangeable Mg was determined using atomic absorption 

spectrophotometer as explained by Cheng and Bray (1951). 

 

3.3.6.8.4    Mn, Zn, Fe and Cu 

Mn, Zn, Fe and Cu were determined from the same solution used to determine Mg using 

an atomic absorption spectrophotometer as described by Mcgrath and Cunliffe (1985). 
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3.3.7 Statistical analysis 

Weed count data were subjected to square-root transformation before proceeding with 

analysis of variance (ANOVA). Weeds, crop growth and production data were subjected 

to analysis of variance using (ANOVA) using GENSTAT statistical program (Genstat 

release 6.1 Lawes Agricultural Trust). Treatment means were ranked using Duncan’s 

Multiple  ange Test at P≤0.05. The scores of preference ranking were treated as quantities 

measured on a continuous scale. Data were analyzed using SPSS (2002) statistical 

packages. 

  

3.4 Results 

3.4.1 Weed density and frequency 

At the experimental sites weed seeds which occurred in the weed seed bank were species 

consisting of broad-leaved and grass species. Weed seed bank densities and relative 

abundance of 17 species originally observed in the experimental area. The most frequent 

weed species were Cyperus esculantus, Cynodon dactylon and Commelina bangalensis in 

all three years of the experiment (Table 3.1). The densities and frequency of each species 

in the soil remained unchanged for the first two experimental years and then varied from 

year to year in the last two years of the experiment. Results show that, a total of 17 species 

was recorded in 2015 and 2016, in all sites while 13 and 12 species were recorded in 2017 

and 2018, respectively.  

 



76 

 

 

Table 3.1:  Weed species found in the experimental field, their details of density and frequency before and after treatments 

application 

Weed species Common name Group 2015 2017 2018 

 Density (m
-2 

) Frequency Density (m
-2 

) Frequency Density (m
-2 

) Frequency 

Cyperus rotundus Nut sedge S 118.8d 100a 110.48a 98c 105.73a 94c 

Cynodon dactylon Bermuda grass G 62.19bd 100a 52.86b 89c 50.99b 79c 

Mimosa pudica Touch me not B 9.39a 64b 7.32c 64c 6.76c 62c 

Commelina 
bangelensis 

Wandering Jew B 11.09a 59b 7.32c 58bc 6.54c 44bc 

Sida acuta Wire weed B 11.01a 57b 9.80c 57bc 9.58c 53bc 

Oxygonium sinuatum Star stalk B 41.26b 100a 7.43c 100d 30.95bc 100c 

Corchorus oliotorius Jute mallow B 5.17a 41b 3.26c 33ab 2.79c 37abc 

Conyza sumatrensis Fleabane B 23.86ab 100a 21.24c 50b 27.53bc 15a 

Euphorbia hirta Asthma plant B 21.05ab 88ab 10.31c 57bc 7.58c 22a 

Panicum maximum Guinea grass G 6.81a 63b 4.77c 17a 0c 0a 

Kyllinga erecta Spike sedge S 4.67a 41b 3.74c 13a 0c 0a 

Elangia cordifolia Elangia B 87.11d 58b 51.40b 52b 47.04bc 39abc 

Launaea cornuta Wild lettuce B 15.27ab 70ab 84.97a 66c 12.06c 60c 

Cassia obtusifolia Sickle senna B 21.97ab 30bc 14.71c 29ab 13.62c 29ab 
Spermacoce sinensis False buttonweed B 4.33a 4d 1.73c 5a 0c 0a 

Tridax procumbensi Tridax  B 3.0a 33bc 1.62c 3a 0c 0a 

Trichodema 

zeylyanican 

Trichodema  B 5.5a 3d 2.75c 3a 0c 0a 

Means   26.62 59.47 23.28 46.71 18.89 37.29 

SE   2.6 4.2 5.6 6.1 4.3 3.9 

CV (%)   9.8 11.6 13.4 17.1 10.5 12.3 

NOTE: Figures followed with same letter(s) are not significantly different at P≤0.05 by Duncan’s Multiple  ange 

KEY: G = grass, B = broad leaf, S = sedge 
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Average weed density and frequency (Table 3.1) for both sites (SUA and Towero) were 

reduced in the three years of the experiment compared with the third season.  The two 

cover crops mucuna and greengram managed to reduce weed density after being applied in 

the field for three consecutive seasons. Weed counts were generally lowest when plots 

were treated with cover crops and mulch compared with bare plots (Fig. 3.1). In plots were 

weeds were managed by mulch mixed grass, mucuna or greengram, average weeds were 

reduced significantly in both sites. At Sokoine University site weeds were reduced in the 

four experimental years from 34, 16 and 21 in the first year of the trials to 19, 9 and 14 in 

plots with mixed grass mulch, mucuna and greengram respectively in the fourth year (Fig. 

3.1). While weeds were reduced from 31, 13 and 18 to 16, 5 and 11, respectively, at 

Towero village (Fig. 3.2). 
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Figure 3.1: Average weed count at SUA 

 

 

 
Figure 3.2: Average weed count at Towero 
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3.4.2 Weed seed bank diversity index 

Weed seed bank diversity was higher in samples obtained from upper and middle soil 

layers in both sites. At SUA (Table 3.2), mucuna cover crop decreased the Shannon index 

of the weed seed bank diversity from the original 1.22 to 1.02 at the top layer of the soil 

after it was grown on the same field for three seasons consecutively. Furthermore, the 

diversity within layers also decreased with soil depth, in the deeper layer of the soil (21 to 

30 cm) the diversity decreasing from 1.39 which was the highest obtained in weeded plots 

to 0.74 which was the lowest recorded in plots planted with mucuna. 

 

Table 3.2:  Total seed bank density and Shannon’s diversity index value in three soil 

depths at SUA 

Year Soil 

depth 

(cm) 

Control Weeding Mulch Greengram Mucuna 

 D H’ D H’ D H’ D H’ D H’ 

 

2015 

0-10 19601 1.22 20735 1.89 16489 1.93 16192 1.61 15892 1.45 

11-20 21862 1.38 17608 1.18 16153 1.27 15843 1.39 15211 1.26 

21-30 13506 0.91 14928 1.36 15181 1.05 14123 1.14 11985 1.85 

 

2018 

0-10 26804 2.83 2198 2.11 14648 1.64 12837 1.33 10896 1.02 

11-20 23452 1.56 18103 1.46 11508 1.35 10438 1.22 7203 0.87 

21-30 15768 1.01 15279 1.39 10964 1.16 89642 1.18 5946 0.74 

KEY: D = Denity and H’ = Shannon’s diversity index 

 

At Towero, the trend of weed diversity was similar to that of SUA with plots planted with 

cover crops having less weed diversity compared to other treatments (Table 3.3). The 

control plots where weeds were left undisturbed were richer in weeds diversity reaching 

an index of up to 1.66. On other hand, plots treated with mucuna cover crops were poor in 

weeds diversity managing to reduce weeds diversity to a lower index of 1.02 at the upper 

layer of soil by the third year of applying mucuna cover crop on the field. 
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Table 3.3:  Total seed bank density and Shannon’s diversity index value in three soil 

depths at SUA 

Year Soil 

depth 

(cm) 

Control Weeding Mulch Greengram Mucuna 

 D H’ D H’ D H’ D H’ D H’ 

 

2015 

0-10 17154 1.11 17120 1.62 16933 1.93 17095 1.51 16386 1.33 

11-20 19302 1.19 13583 1.22 15781 1.34 15460 1.40 14994 1.24 

21-30 9836 0.86 11076 1.18 12372 1.10 12091 1.18 12133 1.43 

 

2018 

0-10 16970 1.66 16287 1.89 14097 1.52 11297 1.33 7682 1.02 

11-20 19354 1.25 13645 1.36 10831 1.38 8643 1.14 4874 0.71 

21-30 14982 1.11 14986 1.33 99648 1.14 8914 1.20 5861 0.83 

KEY: D = Density and H’ = Shannon’s diversity index 

 

3.4.3 Weed Seed Bank Density 

At SUA, mucuna and greengram cover crops reduced total seed density from 17922 seeds 

per metre square obtained from the control plot, to about 9418 seeds per metre square in 

plots planted with mucuna cover crop prior to sweet pepper transplanting. Furthermore, 

plots planted with greengraam reduced seed density to 12501 seeds per meter square (Fig. 

3.3). However, in plots where weeds management was done using hand hoe weeding, the 

rate of seed bank reduction was lower (16295) compared with plot managed using cover 

crops.  
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Figure 3.3:  Total weed seed bank m
-2

 under different weed management treatments 

at SUA 

 

At Towero, the trend of weed seed bank reduction was similar with that of SUA. Plots 

planted with mucuna cover crops reduced weed seed bank density to 4874 per metre 

square compared with a density of 17154 seeds per metre square obtained from the control 

plots (Fig. 3.4). Plots managed using greengram cover crops reduced weed seed bank 

density to about 7682 seeds per metre square. 
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Figure 3.4:  Total weed seed bank m
-2

 under different weed management 

treatments at Towero 

 

Number of weed seeds deposited in the soil were reduced significantly (P≤0.05) in plots 

treated with cover crops prior to sweet pepper transplanting in both sites SUA (Table 3.4) 

and Towero (Table 3.5). At SUA the cover crops were the best treatments in weed seed 

bank management, the cover crop managed to reduce total weed seeds from 18847 

seeds/m
2
 recorded in the control plots in first season to 9418 seeds/m

2
 which was recorded 

in plots treated with mucuna and 12501 seeds/m
2
 recorded in plots treated with greengram. 

At Towero, mucuna plots were recorded to have reduced total weed seeds in the soil to 

7682 seeds/m
2
 from 16770 seeds/m

2
 recorded in control plots, while plots managed by 

greengram cover crop reduced total weed seeds to 11297 seeds/m
2
. 
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Table 3.4: Total seed bank m
-2

 for different weed types under different weed management practices at SUA 

Year Control Weeding Mixed grass Greengram Mucuna 

Grass Broadleaves Grass Broadleaves Grass Broadleaves Grass Broadleaves Grass Broadleaves 

1 16098a 2749b 
2807b 

3124a 

3320a 

14860a 3504a 
3516a 

4121b 

4037b 

14268a 2221ab 
2406a 

2344a 

2087b 

13809a 2383a 
2280a 

1552b 

1148c 

13562a 2330a 
1937a 

1066b 

926b 

2 14567c 13910b 13753a 13563a 13274a 

3 15539b 12590c 12837b 12571b 10919a 

4 16777a 12258c 10883c 11353c 8492c 

Mean 15745.3 3000.0 13404.5 3794.5 12935.3 2264.5 12824.0 1840.8 11561.8 1564.8 

SE 446.3 115.2 

8.6 

218.6 108.4 

6.2 

288.1 212.1 

14.3 

196.8 128.4 

6.4 

156.3 251.0 

16.4 CV (%) 15.9 10.5 8.0 19.9 17.2 

NOTE: Figures followed with same letter are not significantly different at P≤0.05 by Duncan’s Multiple  ange 

 

 

Table 3.5: Total seed bank m
-2

 for different weed types under different weed management practices at Towero 

Year Control Weeding Mixed grass Greengram Mucuna 

Grass Broadleaves Grass Broadleaves Grass Broadleaves Grass Broadleaves Grass Broadleaves 

1 13997a 

12955b 
12870b 

13524a 

3157a 13586a 

13201a 
11837b 

11227b 

3264a 13835a 

13231a 
12313b 

11940b 

3098a 13804a 

12977b 
11485c 

10218d 

3291a 13200a 

12317b 
8704c 

6950d 

3186a 

2 2704b 3086a 2892a 2280a 2831b 
3 3092c 2835b 2516b 1393ab 1058c 

4 3246c 2673b 2157b 1079b 732c 

Mean 13336.5 3049.8 12462.8 2964.5 12829.8 2665.8 12121.0 2010.8 10292.8 1951.8 

SE 308.2 

12.1 

216.2 213.2 

12.6 

164.0 232.8 

11.9 

212.1 205.4 

15.1 

135.9 256.4 

14.9 

212.9 

CV (%) 16.4 16.8 14.3 8.6 14.7 

    NOTE: Figures followed with same letter are not significantly different at P≤0.05 by Duncan’s Multiple  ange 
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3.4.4 Weed Biomass 

Weed biomass between treatments for the three seasons (Tables 3.6-3.8) differed 

significantly (P≤0.05) and the highest biomass was recorded from the control plots with 

33.1 g/m² in the first experimental season (Table 3.6) which was reduced to 20.7 g/m
2
 in 

the third season (Table 3.8). The treatment with the lowest weed biomass compared with 

all remaining treatments were plots with mucuna cover crop prior to sweet pepper 

transplanting, which had 14.6 g/m² after the first season reduced to 9.1 g/m² after the last 

season.  

 

Results at Towero village indicate that plots treated with cover crops performed better 

compared with other treatments by reducing weeds population and biomass. In plots 

planted with cover crops prior to transplanting of sweet pepper seedlings total number of 

weeds was reduced from 50.2 to 8.5, while total weed dry weight decreased with time 

from 30.7 g/m
2
 to 9.1 g/m

2
. At this site the weeds number and dry weight between 

treatments were significantly different (P≤0.05).  
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Table 3.6: Weed counts, total biomass and sweet pepper yield in different weed management treatments in 2016 season 

 SUA Towero 

Treatment Number of weeds m
2
 Weed total dry 

weight (g/m
2
) 

Crop 

yield 

(t h
-1

) 

Number of weeds m
2
 Weed total dry 

weight (g/m
2
) 

Crop 

yield 

(t h
-1

) 
Grasses Broadleaf Total count Grasses Broadleaf Total count 

Control 
Weeding  

Mixed grass 

Greengram 

Mucuna 

25.5b 
23.8b 

22.6b 

13.4a 

10.2a 

24.9b 
19.3b 

11.1c 

7.9a 

5.4a 

50.4bc 
43.1bc 

33.7b 

21.3a 

15.6a 

33.1d 
27.8c 

22.2b 

17.5a 

14.6a 

2.9a 
3.8b 

5.4c 

6.9d 

8.7e 

31.2a 
22.4a 

18.6a 

11.3b 

8.2b 

17.5a 
13.1b 

11.1c 

7.9a 

4.9a 

48.7a 
35.5b 

29.7b 

19.2b 

13.1a 

30.7a 
28.2b 

20.3b 

14.4c 

11.2c 

1.1a 
3.2b 

4.7b 

6.5bc 

8.3c 

Mean 19.1 13.7 32.8 23.0 5.54 18.3 10.9 29.2 21.0 4.8 

SE 

CV (%) 

0.37 

15.48 

0.49 

21.64 

0.51 

18.12 

0.44 

17.0 

0.24 

14.5 

0.36 

11.31 

0.56 

26.48 

0.63 

13.06 

0.37 

15.31 

0.44 

16.7 

NOTE: Figures followed with same letter(s) are not significantly different at P≤0.05 by Duncan’s Multiple  ange 

 

 

 

 

Table 3.7: Weed counts, total biomass and sweet pepper yield in different weed management treatments in 2017 season 

 SUA Towero 

Treatment Number of Weeds m
2
 Weed total dry 

weight (g/m
2
) 

Crop 

yield 

(t h
-1

) 

Number of weeds m
2
 Weed total dry 

weight (g/m
2
) 

Crop 

yield 

(t h
-1

) 
Grasses Broadleaf Total count Grasses Broadleaf Total count 

Control 

Weeding 

Mixed grass 

Greengram 

Mucuna 

27.4a 

18.6b 

16.7b 

9.2c 

7.4c 

27.7a 

16.4b 

8.3c 

4.8c 

4.4c 

55.1a 

35.0b 

25.0b 

14.0b 

11.8b 

29.4a 

21.4b 

19.0b 

15.2b 

11.2c 

2.2a 

3.5b 

5.6c 

7.2d 

9.1e 

33.8a 

18.3b 

15.3b 

8.1c 

7.4c 

15.8a 

11.2ab 

9.6b 

6.9b 

5.2b 

49.6a 

29.5b 

24.9b 

15.0c 

12.6c 

28.5a 

26.2a 

20.3c 

15.1c 

10.6d 

0.9e 

3.2d 

4.9c 

6.8b 

8.5a 

Mean 15.9 12.3 28.2 19.2 5.5 16.6 9.7 26.3 20.1 4.9 

SE 
CV (%) 

0.61 
19.07 

0.36 
15.58 

0.24 
6.98 

0.35 
14.87 

0.39 
16.6 

0.23 
14.10 

0.32 
22.33 

0.63 
13.06 

0.37 
15.31 

0.41 
10.9 

NOTE: Figures followed with same letter are not significantly different at P≤0.05 by Duncan’s Multiple  ange 

 

 

 



86 

 

 

Table 3.8: Weed counts, total biomass and sweet pepper yield in different weed management treatments in 2018 season 

 SUA Towero 

Treatment Number of weeds m
2
 Weed total dry 

weight (g/m
2
) 

Crop 

yield 

(t h
-1

) 

Number of weeds m
2
 Weed total dry 

weight (g/m
2
) 

Crop 

yield 

(t h
-1

) 
Grasses Broadleaf Total count Grasses Broadleaf Total count 

Control 

Weeding 

Mixed grass 

Greengram 

Mucuna 

12.5b 

12.1b 

11.7b 

11.4b 

6.2a 

26.0d 

11.7c 

8.1b 

6.0b 

1.9a 

38.5c 

23.8b 

19.8b 

17.4b 

8.1a 

20.7bc 

17.2bc 

18.6bc 

14.3b 

9.1a 

3.0a 

4.1a 

6.7b 

7.8b 

9.1c 

15.6b 

13.9b 

12.7b 

10.3b 

8.4a 

31.0d 

16.4c 

9.2b 

6.1b 

2.1a 

46.6c 

30.3b 

21.9b 

16.4b 

10.5a 

22.1bc 

19.8bc 

18.5bc 

14.4b 

9.6a 

0.8a 

3.6b 

5.4c 

7.2cd 

8.9d 

Mean 10.8 10.7 21.5 16.0 6.1 12.2 13.0 25.1 16.9 5.2 

SE 

CV (%) 

0.36 

11.18 

0.32 

15.01 

0.38 

19.06 

0.25 

13.28 

0.33 

16.4 

0.18 

19.07 

0.35 

13.77 

0.29 

11.23 

0.22 

8.98 

0.21 

8.6 

NOTE: Figures followed with same letter(s) are not significantly different at P≤0.05 by Duncan’s Multiple  ange
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3.4.5 Plant growth and development 

At SUA experimental site, mucuna and greengram cover crops improved plant growth 

significantly (P≤0.05) compared to other treatments (Table 3.9 to 3.11). Plots planted with 

mucuna cover crop prior to sweet pepper transplanting increased plant vigour in terms of 

height of the sweet pepper plants in all season reaching up to a highest height of 61.6 cm 

in first season compared with 31.8 cm recorded from plants grown in the control plots 

(Table 3.9). The tallest plants grown in plots planted with greengram cover crop were 

recorded in the second season with a plant height of 57.1 cm (Table 3.10). Plants grown in 

plots treated with mucuna cover crop had more number of branches up to 24.4 (Table 3.9) 

compared to a maximum of 10.8 branches recorded in plants grown in control plots (Table 

3.11). The highest number of leaves which was 160.1 was recorded in plants grown in 

plots treated with mucuna cover crops prior to sweet pepper significantly higher compared 

with that of plants grown in control plots which was 66.3 (Table 3.9). Plant biomass was 

highest in plots treated with mucuna in all seasons compared with other treatments with 

the highest biomass in the third season with a total of 97.1 g and the lowest plant biomass 

recorded from control plots plants with a total biomass of 26.4 g (Table 3.11).  

 

At Towero, results plots planted with mucuna cover crop prior to sweet pepper 

transplanting increased plant height of the sweet pepper up to 60.8 cm while greengram 

cover crop increased sweet pepper height up to 60.8 cm compared to the control plots with 

sweet pepper plants of 28.6 cm in height. Furthermore, crops grown in plots planted with 

mucuna cover crop prior to sweet pepper transplanting had more average number of stem 

branches of 22 and leaves 157 compared with other treatments.  Plots with cover crops 

were late to achieve 50% flowering, with plots planted with mucuna cover crop prior to 

sweet pepper transplanting flowering after 57 and 54 days at SUA and Towero 
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respectively, late than all other treatments. Plots treated by greengram cover crops 

flowered 52 days after transplanting at SUA and 54 days at Towero. These were 

significantly late compared with unweeded plots which were earliest in flowering just 33 

and 35 days after seedlings transplanting at both SUA and Towero sites respectively 

(Table 3.9 and 3.10). 
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Table 3.9: Effect of different weed management practices on sweet pepper growth in 2016 season  

Treatment SUA Towero 

Plant 

height 

(cm) 

Number of Dry weight (g) 50% 

Flowering 

(days) 

Plant 

height 

(cm) 

Number of Dry weight (g) 50% 

Flowering 

(days) 
    

Leaves/plant Branches/plant Leaves Stems Leaves/plant Branches/plant Leaves Stems 

Control 31.8a 66.3a 7.1c 17.9b 13.4a 38a 28.6a 57.6a 6.8a 15.1a 11.2a 41a 

Weeding 42.4a 84.6a 11.7bc 22.7b 24.1b 36a 40.9a 90.9b 9.9ab 16.9a 20.3b 45a 
Mixed grass 48.9ab 112.6b 13.8bc 31.8c 28.3b 48b 48.2b 117.6b 12.7b 24.8b 29.4c 51b 

Greengram 54.7b 146.2c 16.3b 36.5c 39.9c 48b 55.4b 159.5c 15.8b 33.5c 33.5c 53bc 

Mucuna 61.6b 160.1c 24.4a 43.6a 51.8d 51b 60.8c 167.4c 18.3b 34.7c 40.6d 57c 

Mean 47.9 114.0 14.7 30.5 31.5 44.2 46.8 118.6 12.7 25 27 49.4 

SE 0.61 1.62 0.36 0.24 0.27 0.33 0.42 0.98 1.28 0.56 0.35 2.4 

CV (%) 8.3 11.0 14.3 16.1 12.8 18.1 6.1 9.7 8.4 14.8 6.9 4.7 

NOTE: Means in a column followed by same letter(s) are not significantly different at P≤0.05 according to Duncan’s New Multiple  ange Test. 

 

 

Table 3.10: Effect of different weed management practices on sweet pepper growth in 2017 season 

Treatment SUA Towero 

Plant 

height 

(cm) 

Number of Dry weight (g) 50% 

Flowering 

(days) 

Plant 

height 

(cm) 

Number of Dry weight (g) 50% 

Flowering 

(days) 
    

Leaves/plant Branches/plant Leaves Stems Leaves/plant Branches/plant Leaves Stems 

Control 35.1a 64.2c 9.7a 18.5a 13.7a 36a 27.1c 54.6d 10.1a 13.8a 9.5d 33c 

Weeding 44.6b 96.3b 13.1b 24.8b 27.8b 39a 38.4b 84.3c 11.4a 15.6a 19.6c 44b 

Mixed grass 46.4b 117.6b 13.4b 25.7b 27.6b 46b 41.5b 119.2b 12.7ab 24.2b 29.8b 50a 

Greengram 57.1c 151.4a 18.4c 39.7c 43.8c 51c 48.3a 140.9a 15.7b 34.1c 34.1b 53a 

Mucuna 57.7c 149.6a 21.2c 42.2c 39.7c 49bc 50.8a 142.1a 20.2c 37.4c 44.8a 54a 

Mean 48.2 115.8 15.2 30.2 30.5 44.2 41.2 108.2 14.0 25.0 137.8 46.8 
SE 0.38 2.46 0.56 0.43 0.32 0.31 0.94 1.93 1.03 0.59 0.48 0.97 

CV (%) 17.6 10.5 12.3 18.6 15.9 19.1 13.1 8.9 16.1 10.1 18.3 10.9 

NOTE: Means in a column followed by same letter(s) are not significantly different at P≤0.05 according to Duncan’s New Multiple  ange Test. 
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Table 3.11: Effect of different weed management practices on sweet pepper growth in 2018 season 

Treatment SUA Towero 

Plant 

height 

(cm) 

Number of Dry weight (g) 50% 

Flowering 

(days) 

Plant 

height 

(cm) 

Number of Dry weight (g) 50% 

Flowering 

(days) 
    

Leaves/plant Branches/plant Leaves Stems Leaves/plant Branches/plant Leaves Stems 

Control 33.6a 59.2a 10.8a 16.5a 9.9a 33a 24.2a 52.7a 8.7d 15.8a 11.2a 35a 

Weeding 44.3b 78.4b 9.9a 21.6b 23.8b 41b 33.4b 71.1b 9.3c 16.2a 20.7b 43b 

Mixed grass 48.6b 71.9b 11.4a 26.1b 21.6b 49c 39.9c 82.2b 11.7a 23.8ab 27.4b 48b 
Greengram 53.9bc 142.4c 15.8b 36.2c 37.8c 52c 43.3cd 124.1c 12.3a 32.4b 35.9c 54bc 

Mucuna 56.8c 156.8c 21.6c 44.7d 52.4d 54c 46.5d 136.9c 17.5b 41.9c 50.7d 57c 

Mean 47.4 101.7 13.9 29.0 29.1 45.8 37.5 93.4 11.9 26.0 29.2 47.4 

SE 0.45 2.31 0.37 1.93 0.35 0.21 1.42 0.72 0.16 0.51 6.5 0.4 

CV (%) 14.6                      13.2 13.3 11.6 10.4 17.9 6.3 12.0 8.1 4.2 6.1 12.7 

NOTE: Means in a column followed by same letter(s) are not significantly different at P≤0.05 according to Duncan’s New Multiple  ange Test. 
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3.4.6 Fruit yields and physical qualities 

Plots planted with mucuna cover crop prior to sweet pepper transplanting produced 

highest fruit yield compared with other treatments (Tables 3.12-3.14). Plots planted with 

mucuna gave the highest number of fruits with 25 and 20 fruits per plant at SUA and 

Towero, respectively, with a total fruit yield per hectare of 9.1 and 8.9 t ha
-1

. Furthermore, 

plots planted with mucuna had physical fruits quality in terms of fruit diameter (7.2 and 

5.9 cm) and length (9.9 and 9.8 cm) in both sites SUA and Towero. Generally, the two 

cover crops were significantly (P≤0.05) superior compared with the other treatments in all 

three seasons in terms of total fruit yield and physical qualities of the sweet pepper fruits. 
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Table 3.12: Effect of different weed management practices on physical and yield parameters of sweet pepper in 2016 season 

Treatment SUA Towero 

Fruit 

length 

(cm) 

Fruit 

diameter 

(cm) 

No. of 

fruits/plant 

Fruits 

weight/plant 

(kg) 

Yield 

(t ha
-1

) 

Fruit 

length 

(cm) 

Fruit 

diameter 

(cm) 

No. of 

fruits/plant 

Fruit 

weight/plant 

(kg) 

Yield 

(t ha
-1

) 

Control 6.7a 4.8a 8.6a 1.2a 2.9a 6.8a 4.2a 5.1a 0.9a 1.1a 

Weeding 7.2ab 5.2a 12.9b 2.1b 3.8b 7.3b 4.6b 9.8b 1.8b 3.2b 

Mixed grass 9.4b 5.8ab 16.7c 2.9c 5.4c 8.3c 5.3c 13.6bc 2.4b 4.7b 

Greengram 8.8b 5.4a 20.7d 3.8d 6.9d 8.6c 5.7d 16.9c 3.1c 6.5bc 

Mucuna 10.1b 6.1b 24.1e 4.2d 8.7e 9.3d 5.9d 20.4c 3.9d 8.3c 

Mean 8.4 5.5 16.6 2.8 5.5 8.1 5.1 13.2 2.4 4.76 

SE 0.57 0.71 0.33 0.21 0.24 0.21 0.1 0.38 0.27 0.44 

CV (%) 10.1 9.1 11.4 19.6 14.5 6.8 8.9 12.2 11.8 16.7 

NOTE: Means in a column followed by same letter(s) are not significantly different at P≤0.05 according to Duncan’s New Multiple  ange Test. 

 

 

 

 

Table 3.13: Effect of different weed management practices on physical and yield parameters of sweet pepper in 2017 season 

Treatment SUA Towero 

Fruit 

length 

(cm) 

Fruit 

diameter 

(cm) 

No. of 

fruits/plant 

Fruits 

weight/plant 

(kg) 

Yield 

(t ha
-1

) 

Fruit 

length 

(cm) 

Fruit 

diameter 

(cm) 

No. of 

fruits/plant 

Fruit 

weight/plant 

(kg) 

Yield 

(t ha
-1

) 

Control 6.4d 4.1d 4.8d 0.5d 0.9e 6.1a 5.1a 8.1a 1.4a 2.2a 

Weeding 7.5c 4.6c 10.0c 1.9c 3.2d 7.3a 5.4a 12.6a 2.6a 3.5b 

Mixed grass 8.4b 5.3b 13.8c 2.6b 4.9c 9.7bc 5.5a 14.3a 2.3a 5.6c 

Greengram 8.8b 5.8a 17.1b 3.4a 6.8b 8.9b 5.9ab 22.7b 4.3b 7.2d 

Mucuna 9.5a 5.9a 22.1a 4.0a 8.5a 10.4c 6.4b 24.5b 4.5b 9.1e 

Mucuna 8.1 5.1 13.6 2.5 4.9 8.5 5.7 16.4 3.0 5.5 

SE 0.13 0.24 1.07 0.68 0.41 0.29 0.36 2.11 0.48 0.39 

CV (%) 9.7 16.1 14.5 19.2 10.9 15.0 12.3 9.7 13.6 16.6 

NOTE: Means in a column followed by same letter(s) are not significantly different at P≤0.05 according to Duncan’s New Multiple  ange Test. 
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Table 3.14: Effect of different weed management practices on physical and yield parameters of sweet pepper in 2018 season 

Treatment SUA Towero 

Fruit 

length 

(cm) 

Fruit 

diameter 

(cm) 

No. of 

fruits/plant 

Fruits 

weight/plant 

(kg) 

Yield 

(t ha
-1

) 

Fruit 

length 

(cm) 

Fruit 

diameter 

(cm) 

No. of 

fruits/plant 

Fruit 

weight/plant 

(kg) 

Yield 

(t ha
-1

) 

Control 6.7a 4.4a 7.1a 1.1a 3.0a 6.2a 3.9a 5.1a 0.6a 0.8a 

Weeding 7.4a 4.5a 9.8a 2.3a 4.1a 7.6b 4.9b 10.1b 2.0b 3.6b 

Mixed grass 8.9b 5.6b 15.9b 3.1ab 6.7b 8.7c 5.4c 14.2b 2.8c 5.4c 

Greengram 9.2b 5.9b 20.1c 4.3b 7.8b 9.0c 5.8c 18.4bc 3.7d 7.2cd 

Mucuna 9.9b 7.2c 25.4d 4.8b 9.1c 9.8d 5.9c 19.5c 4.1d 8.9d 

Mean 8.4 5.5 15.7 3.1 6.1 8.3 5.2 13.5 2.6 5.2 

SE 0.28 0.34 0.41 1.14 0.33 0.17 0.16 0.11 0.6 0.21 

CV (%) 11.3 15.6 9.9 13.4 16.4 7.3 8.9 4.0 8.9 8.6 

NOTE: Means in a column followed by same letter are not significantly different at P≤0.05 according to Duncan’s New Multiple  ange Test. 

 



94 

 

 

3.4.7 Mineral contents of sweet pepper vegetative parts and fruits 

The mineral composition of sweet pepper leaves and stems is presented in Tables 3.12 and 

3.13 for both sites. The two cover crops consistently increased total N content per plant in 

plant stem and leaves. The highest total N and P contents per plant were observed in plots 

treated with mucuna (2.81 and 1.64%) and greengram (2.48 and 1.09%) cover crops 

compared to remaining treatments. Large differences in the chemical composition of the 

plant stem were observed between mucuna and control plots. Potassium content 

accumulated up to 5.6% in plots planted with mucuna cover crop prior to sweet pepper 

transplanting, which was higher than in other treatments. However, in most cases there 

were no significant differences in N, P and K content obtained in plant parts of the sweet 

pepper grown under mucuna, greengram and mixed grass mulch. 
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Table 3.15: Effect of different weed management practices on mineral contents of sweet pepper leaves and stems 

Treatment 2016 season (%) 2018 season (%) 

SUA Towero SUA Towero 

N P K N P K N    P                       K N P K 

Control 1.33a 0.62a 2.2a 1.01a 0.57a 1.9a 1.01a 0.44a 1.7a 1.06a 0.41a 1.1a 
Weeding 1.75b 0.65a 3.9b 1.67b 0.66ab 3.5b 1.86b 0.71b 3.8b 1.61b 0.53ab 3.6b 

Mixed grass 1.90c 0.81b 4.0b 1.93bc 0.84ab 4.1b 1.98b 0.86b 4.4b 1.89b 0.67b 4.7bc 

Greengram 2.29c 0.83b 4.6bc 2.33c 0.91b 4.8bc 2.44c 0.94b 5.1bc 2.48c 0.96c 4.8bc 

Mucuna 2.37d 1.11c 5.3c 2.41c 1.23c 5.1c 2.61c 1.31c 5.6c 2.81c 1.28d 5.4c 

Mean 1.93 0.80 4.00 1.87 0.84 3.88 1.98 0.85 4.12 1.97 0.77 3.92 

SE 0.33 0.32 0.23 0.22 0.39 0.38 0.11 0.27 0.24 0.18 0.21 0.54 

CV (%) 7.0 6.7 8.3 9.3                      5.6                   8.9 10.2                      8.6                   6.4 16.1                      11.2                   13.6 

NOTE: Means in a column followed by same letters are not significantly different at P≤0.05 according to Duncan’s New Multiple  ange Test. 
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Sweet pepper fruits produced by plots with cover crops generally significantly higher 

concentration of Mn, Zn, Cu, Fe and Mg in both sites SUA and Towero (Tables 3.12 and 

3.13). The highest total Mn content in sweet pepper fruits was 81.0 mg g
-1 

recorded at 

Towero from sweet pepper plants grown in plots planted with greengram cover crop prior 

to sweet pepper transplanting. Other highest mineral content was observed in sweet pepper 

fruit produced from plots planted with mucuna were its fruits contained 95.3 mg g
-1 

of Zn 

at Towero, 0.61 mg g
-1

 of Cu at both SUA and Towero, and 483.0 mg g
-1

 of Fe at SUA.  

 

Furthermore, the highest amount of total Mg was obtained in plots planted with greengram 

cover crop, fruits from these plots observed to contain up to 570.2 mg g
-1

 of total Mg 

significantly (P≤0.05) higher compared with all remaining treatment. However, the 

increase in Ca and Mg in sweet pepper fruits was not significantly (P≤0.05) different in 

between plots planted with mucuna and greengram cover crops prior to sweet pepper 

transplanting but was significantly improved compared with the remaining treatments. 

These results concurs with the study done by Pant et al. (2009) who observed significantly 

increase in chemical nutrients in plant vegetative parts through the application of 

vermicompost extract. 
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Table 3.16: Effect of different weed management practices on mineral contents of sweet pepper fruits in 2016 season 

 Treatment                 SUA    (mg g
-1

) Towero (mg g
-1

) 

Mn Zn Cu Mg Fe Mn Zn Cu Mg Fe 

Control 19.1a 52.6a 0.34a 232.3a 170.4a 20.7a 44.5a 0.26a 210.9a 174.4a 

Weeding 40.4b 62.2ab 0.40ab 241.2a 182.9a 39.9b 58.6ab 0.37b 242.6ab 191.9a 

Mixed grass 42.1b 68.8b 0.58b 252.7ab 259.8b 48.3b 71.4b 0.49c 274.1b 280.3b 

Greengram 77.6d 75.8b 0.57b 570.2c 392.4c 81.0c 83.9bc 0.59d 556.4d 411.6c 

Mucuna 65.6c 90.2c 0.59b 341.8b 469.7d 72.6c 95.3c 0.61d 461.2c 480.0d 

Mean 48.9 69.9 0.5 327.6 295.0 52.5 70.7 0.5 349.0 307.64 

SE 5.27 6.24 0.25 10.44 11.28 0.19 9.18 0.21 10.20 13.41 
CV (%) 5.1 4.8 10.1 3.6 7.5                             3.1 6.6                      2.2                     8.3                   9.6 

NOTE: Means in a column followed by same letter(s) are not significantly different at P≤0.05 according to Duncan’s New Multiple  ange Test. 

 

 

Table 3.17: Effect of different weed management practices on mineral contents of sweet pepper fruits in 2018 season 

NOTE: Means in a column followed by same letter(s) are not significantly different at P≤0.05 according to Duncan’s New Multiple  ange Test. 

Treatment SUA (mg g
-1

) Towero                                     (mg g
-1

) 

Mn Zn Cu Mg Fe Mn Zn Cu Mg Fe 

Control 20.7a 44.5a 0.26a 210.9a 174.4a 19.9a 43.1a 0.28a 199.9a 173.2a 

Weeding 39.9b 58.6ab 0.37b 242.6ab 191.9a 42.3b 51.4ab 0.34b 247.3ab 194.6a 

Mixed grass 48.3b 71.4b 0.49c 274.1b 280.3b 44.6b 69.9b 0.51c 271.1b 281.0b 

Greengram 81.0c 83.9bc 0.59d 556.4d 411.6c 81.0c 78.7bc 0.59d 496.3d 401.6c 

Mucuna 72.6c 95.3c 0.61d 461.2c 483.0d 72.6c 91.2c 0.60d 468.9c 480.0d 

Mean 52.5 70.7 0.5 349.0 308.2 52.1 66.9 0.5 336.7 306.1 
SE 8.19 4.18 0.21 6.20 3.41 2.19 11.18 0.23 30.20 13.41 

CV (%) 3.1 6.6                      2.2                     8.3                   9.6 3.1 6.6                      2.2                     8.3                   9.6 
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3.5 Discussion  

3.5.1 Weed population 

Weed reduction, particularly weed seed bank, diversity and density in both sites was 

associated with greater ability of cover crops to effectively supress weeds by hindering 

them from penetrating the introduced cover. The significant decrease in weed seed bank 

could be explained by the effectiveness of cover crops and mulch on weeds control 

(Moonen and Barberi, 2004). Kruidhof et al. (2008) explained the ability of cover crops 

on hindering the growth of different weeds seedlings immediately after their germination. 

In both sites (SUA and Towero), the cover crops managed to control weeds by reducing 

weed species by 29% from the original 17 species to 12 as shown in Table 3.1. This is due 

to the ability of cover crop in denying growing weeds optimal level of light which is a 

crucial requirement for them to grow.  

 

Cover crop can affect weed establishment through its effects on the radiation and chemical 

environment of the weed and inhibit weed emergence by physically impeding the progress 

of seedlings from accessing light (Teadale and Mohler, 2000; Langeroodi et al., 2018) as 

well as by releasing phytotoxins that inhibit seedling growth (Lou et al., 2016). By doing 

so few weed species, which are weak competitors, eventually are eradicated. Foliage cover 

crops like mucuna and greengram, due to their fast establishment and growth capacity in 

field, are more efficient and suitable in weed control compared to mechanical weeding and 

mixed grass mulch. 

 

Furthermore, as a cover crop covers the soil it helps to retain soil moisture which stimulate 

weed seeds to germinate. However, the germinating weed seeds fail to emerge due to lack 

of other factors like optimal temperature, oxygen and light, which are obstructed by the 
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cover crop. This has led to the reduction of weed seed bank by 30.2% to 47.5% by mucuna 

cover crop in the two sites SUA and Towero, in all the four seasons of mucuna cover 

crops application as shown in Fig 3.1 and 3.2. Mickelson and Grey (2006) observed 

increasing mortality rate of Avena fatua (L.) seeds as soil moisture content increased from 

6 to 24% with maximum mortality values reaching 55 and 88% after two years.  

 

In contrast to the cover crop, hand hoe weeding and mixed grass mulch which are the 

common weed management practices used by organic farmers was poor in weed control in 

all four seasons because it covered the soil for a time not enough to fully manage weeds 

below economic loss compared with the cover crops. Hand hoe weeding reduced weed 

seed bank by 12.6% to 13.9% only for a while mixed grass mulch managed to reduce 

weed seed bank by 23.8% to 40.6% as shown in Table 3.4 and 3.5. The ability of cover 

crops to cover the soil for long time during their growth as cover crops and then when 

slashed to be used as dead mulch denied weeds opportunity to grow for not less than four 

months. Correspondingly, two to three hand hoe weeding, could not attain significant 

weed control as most of the weeds managed to re-occupy the plots a few days just after 

first weeding and before another weeding been done. This was partly caused by soil 

disturbance through weeding which provided an opportunity for new weeds to emerge by 

creating conducive environment after soil disturbance.  

 

Hunková et al. (2014) observed that weed infestation decreases when the reduction of 

seeds exceeds their entry into the soil and consequently deplete weed seed bank. The 

increase of up to 5.6% in weed seed bank in control plots in which weeds were allowed to 

grow undisturbed throughout the season, was due to the ability of some of the weeds to 

reach reproductive phase and produce weed seeds which were added and stored in the soil 
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seed bank. Controlling weeds using hand hoe by weeding twice or three times did not have 

good impact compared with cover crops as it did not deny some of the weed species like 

Cyperus spp to reproduce. Two to three weeding frequencies could not keep away 

completely some of the weeds throughout the production period. Weeds like Cyperus spp. 

complete their life cycle in a short time mostly before second weeding is applied, hence 

they are able to mature and produce weed seeds which are taken back to soil before second 

weeding.  

 

Furthermore, depending on weather and environmental condition, occasionally two or 

three hand hoe weeding a common practice done by organic farmers fall short on 

controlling weeds to the extent of avoiding crop economic losses. Most tropical grown 

crops sometimes they need more than three weeding in order to control weeds until they 

are harvested. Therefore, in hand hoe weeding, weed seed bank of just few weeds with 

long life cycle can be reduced as can be controlled before they can produce new seeds. 

Hunková et al. (2014) explained that the reduction of weed infestation is caused by a 

number of factors, including, the decrease of dropping weed seeds on the field, weed 

suppression and control, increase of soil’s self-cleaning ability and controlling the use of 

materials like organic fertilisers, mulch and crop seeds for sowing that can transport weed 

seeds.  

 

In this experiment results indicates that for organic sweet pepper farmers who manage 

weeds by using hand hoe they should have at least three or more weedings in order to 

avoid economical loss which can be associated with weeds. this is due to the fact that 

disturbing the soil by hand hoe weeding stimulates new weeds germination as it provides 

conducive environment for them to germinate. For the crops grown with mixed grass 
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mulch or greengram cover crops, supplementary hand weeding is important for removing 

few weeds which manage to penetrate the mulch. 

 

3.5.2 Weed biomass 

Weed biomass generally was reduced progressively over years when cover crops were 

applied in sweet pepper production. In the third season weed biomass reduction was 

prominent reaching a significantly reduction of 9.1 g/m
2
 in both plots planted with mucuna 

and greengram cover crops compared with that of unweeded plots which ranged from 20.7 

to 33.1 g/m
2 

as
 
shown in Table 3.9. Hoe weeded and mixed grass treatment at both SUA 

and Towero had higher weed biomass compared with plots treated with cover crops as 

weeding and mixed grass mulch treatments allowed more weeds to germinate and stay in 

the field for about two weeks before the next weeding has been applied. As weeds have 

more competing ability than crops, staying in the plots for this time enabled them to 

accumulate more biomass compared with the weeds in plots planted with cover crops 

which delayed to emerge and were few in numbers. This observation is in agreement with 

Little and Schumann (1996) who observed weed biomass accumulation to be directly 

proportional to the time in which weeds remains into the field.  

 

In comparison between fields planted with the mucuna and greengram cover crops, fields 

treated with greengram cover crop prior to sweet pepper transplanting had more weed 

biomass compared with those treated with mucuna. The effect of weed biomass increase 

was reflected in sweet pepper fruit production. As weed biomass increased for each 

specific treatment, sweet pepper yield was reduced proportionally. This is due to the fact 

that, the biomass accumulated by weeds was by the expense of the intended sweet pepper 

crop as reflected in sweet pepper lower yield it was observed in Table 3.12 to 3.14.  
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The more weed biomass in plots planted with greengram was due to the fact that 

greengram decomposed fast for about a week earlier compared with mucuna after being 

slashed (Saria et al., 2018). The fast decomposition of greengram allowed weeds to re-

germinate, grow and reoccupy the field. In addition to that germinated weeds benefited 

from the nutrients provided by the decomposed greengram cover crop. The decomposed 

greengram cover crop acted as green manure providing nutrients to the weeds within the 

plot, the weeds took advantage of the nutrients and benefited more than crops and grow 

vigorously on the expense of crops due to its highly competing advantage over most sole 

crops in the field (Corre-Hellou et al., 2011). As a results of this effect, plots treated with 

greengram prior to sweet pepper planting had high weed biomass compared with plots 

treated with mucuna which decomposed slowly compared to greengram. 

 

The effect of cover crop on weeds biomass was more prominent in the third season 

compared to the first and second season. This is due to the ability of cover crops to reduce 

the weeds in terms of population and species over time. Furthermore, low weed biomass 

may be attributed to better resource use by the cover crop introduced and then the sweet 

pepper main crop planted, which could have resulted in fewer resources for weed growth 

resulting to the lowest biomass in the third season. Land cultivation before application of 

cover crop also contributed to the reduction of weed biomass, this is due to the fact that 

cultivation stimulated weed emergence which later are denied light for photosynthesis and 

other growing factors. Repetition of this practice for several seasons led to a significant 

reduction of weed biomass in the third season. 
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3.5.3 Weed diversity index 

Cover crops managed to reduce weed diversity in all soil layers. Mucuna reduced Shannon 

diversity index by 16.4% in the top soil at SUA and 38.6% at Towero, while the index was 

reduced by 46.8% at SUA and by 25.2% at Towero in the deeper layer as indicated in 

Table 3.2 and 3.3. Diversity index shows that the middle layer of the soil is richer in 

different species of weed seeds. This is due to the fact that some of the weed seeds species 

deposited on upper soil germinates and others die before reproducing newly fresh seeds 

making the upper soil to be dominated by few species of weed seeds and eventually 

reduce their diversity. While some of the seed species are reduced on in the upper soil 

layer, several species are deposited below this layer which has the ability to remain viable 

for long time and therefore increasing their diversity in the deeper soil. Hunková et al. 

(2014) also observed more weed seeds being deposited in the lower layer of soil (21-30 

cm) which eventually increased weed seed bank diversity in comparison to the top soil (0-

10 cm) where less amount was deposited as most of it germinate immediately after 

receiving conducive environment decreasing weed seed diversity.  

 

Weeding and mixed grass mulch which are the common practices done by organic farmers 

did not reduce weed diversity significantly especially in the upper soil. Weeding at SUA 

increased weed diversity at the upper soil layer by 11.6% at SUA and 16.7% at Towero. 

This is due to the fact that hand hoe weeding can bring up dormant weed seeds which are 

deposited in the lower soil and subject them in the condusive environments for 

germination. The new weeds from lower soil layers then grows and reproduce new seeds 

which eventually are deposited on upper soil layer. Furthermore, new weeds which are 

brought with other means like wind or other mechanical means will be allowed to 

germinate in this plots before the next weeding and some of the will reproduce before next 
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weeding adding new weed seeds to the upper soil increasing weed seed diversity. The 

effect of mixed grass mulch to weed seed diversity was not significant, however grass 

mulch managed to reduce weed diversity of the soil upper layer by 15% at SUA and 41% 

at Towero. This is due to the fact that, mixed grass mulch did not cover the soil long 

enough compared with cover crops, this gives an opportunity to weeds to re-invade the 

open land when mulch is not applied on it increasing the ability of weeds to germinate, 

grow and reproduce new seeds which are deposited on the upper soil and hence increase 

its diversity.  

 

It is important to note that, the more the weed seed diversity in the upper layer means that 

the more different species of weeds will emerge and grow in that soil leading in to more 

difficulties in managing them. However, despite the frequent addition of weed seeds in the 

upper soil layer, most of the weed seeds which are deposited at the upper part of the soil 

usually germinate and some die before completing their life cycle. From this study it was 

observed that, the cover crops have the ability of affecting relative abundance of the weeds 

more than species composition which concurs with the study done by Shrestha et al. 

(2002). 

 

3.5.4 Cover crop effectiveness 

The ability of cover crops to control weed pests is associated with the amount of biomass 

it produced in the field, the more biomass the specific cover crop is able to produce the 

more the ability of it to control weeds. This was also observed by Liebman and Davis 

(2000) and Mirsky et al. (2012) who found that the ability of cover crops to effectively 

control weeds is directly proportional to the amount of biomass it can produce when is 

grown in the field. Furthermore, the greater weed suppressing effect of Mucuna 
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pruriens above other treatments is considered to be a result of its longer life span 

compared with other treatments.  This concurs to the study done by Anthofer and Kroschel 

(2007) who observed that late maturing Mucuna pruriens (L.) DC var. utilis (Wright) 

Burck reduced weed dry matter by 58% to 68% compared to other early maturing 

varieties.  

 

The positive effect of weeds reduction by mucuna which is a high biomass producing 

cover crop, is explained by low number of weed species up nine both at SUA and Towero 

compared with twenty which was the lowest in mixed grass much at Towero, 24 in 

weeding at both sites, and nine in greengram recorded at SUA, and the reduction of weeds 

diversity which pulled down the average weed seed bank within the fields planted with 

mucuna cover crops by 38.6% below significantly (P≤0.05) lower than other treatments. 

This is due to the facts that, land cultivation which is done before cover crops planting 

stimulates emergence of weed seeds. The weed seedlings which emerge and start to grow 

fail to compete with cover crops especially for light. Eventually the growing weeds die 

before maturity and fail to produce seeds which consequently reduce the amount of weed 

seed bank in the soil. This concurs with the study done by Mirsky et al. (2010), who 

observed that cover crops managed to reduce the amount of weed seed bank significantly 

when applied in maize crop fields. 

 

3.5.5 Plant growth and development 

Overall, cover crops improved most of the plant growth and development parameters. 

Greengram and mucuna cover crops consistently enhanced sweet pepper plant growth 

when used to control weeds prior to sweet pepper planting due to their ability to reduce 

weeds competition, improve soil condition for plant growth and improve soil fertility 
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(Saria et al., 2018). Due to their ability of providing protection from weed pests and 

improve soil fertility, mucuna and greengram increased significantly the number of sweet 

pepper branches and leaves compared to the common weeding strategy used by organic 

farmers. This observation is in accordance with the findings of previous studies by Ortiz-

ceballos et al. (2007) and Wittwer et al. (2017) who observed a significant yield increase 

in maize when mucuna cover crops was used as green manure. However, between all 

treatments, crops grown in mucuna plots had higher above-ground total dry weights (97.1 

g/m
2
) compared with crops grown in all other treatments. This was an increase of about 38 

to 46% compared with the two common weed management practices of weeding and 

mixed grass mulch which are applied by most organic farmers.  

 

The higher number of sweet pepper branches, leaves and plant biomass in plots treated 

with mucuna cover crop is due to the ability of mucuna to produce more biomass which in 

turn improved crop growth conditions like moisture and also produce nutrients in the soil 

when they decompose compared with other treatments (Saria et al., 2018). The increase in 

sweet pepper branches, leaves and biomass is reflected in fruit yield as it increases the 

ability of sweet pepper plant to set more fruits and feed them. The improvement of plant 

growth and development parameters has been attributed by the ability of the two cover 

crops to provide organic N to the crop when they decompose after being used as dead 

mulch which can be assimilated easily by plants. Piotrowska and Wilczewski (2012) 

explained the positive effects of green manures to soil fertility by supplying organic N 

which can benefit the crops grown in the same field. Furthermore, the two cover crops had 

the ability to reduce the amount of weeds increasing the competitive advantage of sweet 

pepper crops by outcompeting weeds for light, nutrients and water and make them less 

destructive to crops at crucial sweet pepper growth stages as observed by Cherr et al. 
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(2006). The strong correlation between plant biomass and nutrients uptake by plants 

explains the increased in yield reaction to crops grown in plots treated with the two cover 

crops prior to transplanting compared to plots treated with other treatments. 

 

However, despite the improved sweet pepper growth in plots treated by the cover crops, 

sweet pepper from control plots and weeding were the ones which flowered earlier 

compared with other treatments including the cover crop treatments. Sweet pepper from 

unweeded plots flowered 19 to 22 days earlier than the two cover crops plots, while 

weeded plots flowered up to 21 and mixed mulch up to 11 days earlier. This may be 

caused by the competition between weeds and sweet pepper and temperature variation 

between treatments, leading to control plots which are not covered by mulch to have more 

temperature and weeds which increase resources competition to sweet pepper plants 

causing early flowering. Khah and Passam (1992) explained the influence of temperature 

increase in sweet pepper crops on maturity earliness, while Marcelis et al. (2004) 

indicated that limitation on plant resources will trigger early sweet pepper flowering but 

eventually will lead to high flower and fruits abortion. 

 

3.5.6 Sweet pepper fruit yields and size 

Improved sweet pepper fruit yields and size observed in plots treated with mucuna with an 

increase of up to 7.2 cm in diameter and 9.9 cm in length yielding up to 9.1 tha
-1

. The best 

treatment among the two commonly used weed management strategy by farmers was 

mixed grass mulch producing fruits of up to 9.7 cm in length and 5.8 in diameter yielding 

a maximum of 6.7 tha
-1

.  Significant increase in sweet pepper yields and size in plots 

treated with cover crops have been resulting from better plant growth and development 

caused by the ability of the two cover crops to improve growth conditions like moisture 



108 

 

 

and temperature, suppressing weeds and improves soil fertility when they were applied as 

live and then dead mulch. Tejada et al. (2008) and Agegnehu et al. (2016) observed 

significant yield increase in maize crops when different types of green manures were 

applied for soil fertility. Cover crops like mucuna and greengram has the capability to 

improve soil fertility by improving soil N, P, K and organic matter which are essential for 

plant growth, development and productivity (Fageria et al., 2005; Mwango et al., 2016).  

 

Furthermore, the two leguminous cover crops may have increased the population of N2-

fixing rhizosphere bacteria and their activity in the soil improving plant available N in the 

soil for the benefit of the intended crop. Choudhury and Kennedy (2004) observed the 

ability of the cover crops to enhance the activity of N2-fixing bacteria in the soil when 

applied as manure. In addition, the biomass added in the soil by the cover crops may have 

increased soil organic matter significantly leading to the improvement of soil physical 

characteristics for the benefit of the crop (Tejada at al., 2008). This explains the positive 

association between improved fruit yields and size of sweet pepper grown in plots were 

the cover crops were grown before sweet pepper transplanting and then used as dead 

mulch at transplanting. Also Copetta et al. (2011) reported an improvent in fruit quality in 

terms of size and chemical contents in solanaceous crops treated by cover crops. This is 

due to the improvement of soil fertility through the ability of cover crops to supply 

different soil nutrients. 

 

3.5.7 Sweet pepper mineral contents 

Cover crops consistently improved plant growth, nutrients concentration and fruit size of 

sweet pepper plants in all seasons. This was in accordance with the findings of other study 

done by Astier et al. (2006). Nutrient analysis indicated that sweet pepper plants grown 
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under cover crops had significantly higher amount of soluble mineral contents compared 

with plants grown under other treatments. This can be explained by the ability of the cover 

crops to provide different nutrients for plant growth and development in different stages 

when used as dead mulch during plant growth. Furthermore this can be attributed to the 

ability of cover crops to influence nutrients up take by plants by improving roots 

absorption ability through increasing soil nutrients on top soil as it was observed by 

Thorup‐Kristensen, (2006). Pant et al. (2009) explained the association between the 

amount of mineral nutrients supplied by a specific fertiliser and its reflection in plants 

mineral nutrients content. Consequently, a longer and steady release of mineral nutrients 

to the soil by the cover crops leads to constant nutrients uptake by the plant throughout its 

growth and development stage (Cobo et al., 2002). 

 

The high amount of different nutrients obtained in the sweet pepper grown in the two 

cover crops may be explained by the ability of the cover crops to improve soil fertility and 

provide available nutrients to the sweet pepper crop. Ghoname and Shafeek (2005) 

associated sweet pepper nutrients increase with the role of bio-fertilisers like green 

manures to increase micro-organisms population and activities in the soil. Such micro-

organisms convert the organic form of nutrients to mineral forms which are readily 

available to the plants, and increase its availability and uptake by plants enhancing 

chemical properties and mineral contents of the sweet pepper. Furthermore, cover crop has 

the capacity to significantly reduced pH to levels that favours plants nutrients uptake by 

increasing nutrient availability at the root surface leading to increased plant nutrients 

contents (Tejada et al., 2008). 
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However, with reference to recommended dietary allowances and adequate intakes 

provided in Dietary Reference Intakes (DRIs) by Food and Nutrition Board of the Institute 

of Medicine, National Academies (Appendix 4), the amount of all five element obtained in 

sweet pepper fruits grown in all weed management strategies were sufficient to supply 

enough required elements per meal for a human being of different ages and gender except 

for Cu. In all treatments Cu observed to be low below the recommended intake per meal, 

therefore it is not possible to rely on sweet pepper produced by these strategies as a sole 

source of Cu for any age or gender. 

 

3.6 Conclusion 

Among the strategies applied, cover crops were the most effective weed management 

strategy for sweet pepper production. The following conclusions were drawn from this 

study; 

i. Mucuna and greengram cover crops managed to control most of the weeds and 

reduce significantly their seed bank. Mucuna and greengram cover crop provided a 

relatively strong and consistent inhibition of emergence of different types of 

weeds. 

ii. The effect of weeding which is a common practice by farmers was significantly 

less effective on weed management and soil fertility management compared with 

cover crops and mixed grass mulch strategies. 

iii. Cover crops increased sweet pepper yields and improved their yield parameters 

like plant height and number of leaves per plant.  

iv. Mucuna and greengram increased sweet pepper mineral content and fruit size in 

terms of length and width.  
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Abstract 

Twenty two organic farmers assessed different weed control and soil fertility improvement 

strategies in Towero village, Morogoro municipality.  The objective was to assess factors 

that influence farmers’ preference and acceptability for alternative weed control and soil 

fertility improvement strategies. Mucuna (Mucuna pruriens) and greengram (Vigna 

radiata (L.)) cover crops, mixed grass mulch, hand hoe weeding and control were the 

strategies used for weeds control and soil fertility improvement in sweet pepper 

production. Absolute ranking, matrix ranking and pairwise ranking were used to determine 

the strategy that will suite Towero organic farmers well because of its ability to 

accommodate simultaneously the attributes of both the weed control and soil fertility 

improvement. Of the five weed and soil management strategies considered in the study, 

mucuna cover crop was the most preferred by 60% followed by mixed grass mulch by 

31%. Sweet pepper yield, fruit quality, weeds and soil fertility control were the main 

mailto:adolfsaria@gmail.com
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choice-specific attributes with a significant impact on the choice probability. Mucuna 

cover crop was ranked higher in terms of cost effectiveness (4.0), sustainability (4.6) and 

availability (4.0) compared with the other strategies, giving the farmers more profit of up 

to 140% than hand hoe weeding and 199.6% than mixed grass mulch which are commonly 

used by farmers for weed control. As a means to extend different technologies discovered 

through different studies, farmers should be given an opportunity to participate in 

assessing, selecting and deciding which technology is mostly suitable in their condition 

and environment. 

Key words: organic, weeds, soil fertility, assessment, ranking, preference. 

 

4.1 Introduction 

In sub-Saharan Africa including Tanzania, vegetable crops are an essential component of 

sustainable development, with a significant contribution to food security and nutritional 

balance, but also an important source of income for resource-poor growers, especially in 

urban and peri-urban areas (FAO, 2012). Sweet pepper is among vegetable crops which 

are cultivated intensively throughout Tanzania (Djian-Caporalino et al., 2007). Therefore, 

sweet pepper cultivation is labor and input intensive and associated with high capital 

investments. In Tanzania, sweet pepper is mostly cultivated in Morogoro, Tanga, Iringa, 

Kilimanjaro, Arusha and Mbeya regions (De Putter, 2007).  Small-scale farmers produce 

about 90% of total national Sweet pepper production in the country while the remaining 

10% is produced by medium to large farms. There are several factors and interactions that 

may contribute to low yields of sweet pepper such as genetic potential of the used 

varieties, types and levels of management, environmental factors, moisture availability, 

soil fertility and pests. 
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Weeds and poor soil fertility are among major problems facing sweet pepper production 

especially in organic agriculture farming systems (Lotter, 2015). Farmers in this system 

relies mostly in hand hoe weeding technology to control weeds which is time consuming 

and labour intensive, and therefore it is not very well effective and not cost-effective 

(Martinsen et al., 2017). Weeds have more effects on sweet pepper growth especially in 

few days after seedling transplanting as these seedlings are week competitors in their 

initial days of growth (Norsworthy et al., 2007). When weeds like Cyperus spp are 

allowed to infest sweet pepper crops they can cause fruit loss of up to 44% (Morales-

Payan et al., 1997) while Amaranthus palmeri (S.) Wats. can cause yield loss of about 

90% when unchecked (Norsworthy et al., 2007). 

 

Mulch can be one among effective and affordable technologies which can be used to 

control weeds and also have a positive effect on soil fertility. Among different types of 

mulch, live mulch specifically cover crops mulch can be effective and of great advantage 

for weed control in sweet pepper production in organic farming (Ngouajio and Mennan, 

2005). The ability of cover crops to suppress weeds is influenced by many factors like 

depriving light on weeds, while some of the cover crops have allelopathic effects on 

weeds (Kunz et al., 2016). To achieve optimum advantage from the organic mulch, the 

mulch should be applied immediately after sweet pepper seedling transplanting. 

Furthermore, cover crops when used as mulch for weeds control can be of great potential 

by improving soil physical properties, prevent erosion, regulate soil temperature and water 

retention, supply organic matter and other soil nutrients, as well as increase the biological 

activity (Bhardwaj, 2013). 
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However, farmers have been reluctant on adopting different weed management 

technologies which has been developed. Therefore, it is important to understand the 

factors that influence farmers’ decisions about managing weeds and other pests. One well-

studied example is research aimed at understanding the relatively weak adoption of 

integrated pest management (IPM) practices despite several decades of promotion by 

experts (Czapar et al., 1997, Hammond et al., 2006). It has been observed that this has to 

do with the complexity of IPM in contrast to the simplicity of regular pesticide 

application; furthermore, some of these strategies tend to increase management costs and 

other logistics to farmers (Waller et al., 1998). This contrast has prevented many farmers 

from adopting more fundamental technologies. Eckert and Bell (2005) concluded that any 

technology that does not consider farmer’s strongly held values, beliefs and on-farm 

decision making needs is less likely to be adopted by farmers. 

 

To ensure that technologies generated and released through this study are adopted and 

address end users’ needs, farmers were involved in technology development, evaluation 

and assessment. Farmers’ participation in the evaluation will ensure faster awareness, 

acceptance, and adoption of the released technologies. The objective of this farmer’s 

assessment was to introduce and evaluate cover crop live mulch and other weed 

management strategies for sweet pepper weeds control under farmers’ condition and 

understand farmers’ criteria for preference of different weeds control technologies in 

organically grown sweet pepper. 
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4.2 Materials and Methods 

4.2.1 Experimental layout and management 

A randomized completely block design (RCBD) sweet pepper experiment with 3 x 3 m 

plots size and four replications was set out in farmers’ field at Towero village to evaluate 5 

different weed management practices. Different weed control strategies which were tested 

and evaluated by farmers were mucuna cover crop, greengram cover crop, mixed dry grass 

mulch, hand hoe weeding and unweeding (control). The experiment was done on farm and 

managed by Towero village organic farmers themselves under researcher observation. 

Farmers grew sweet pepper seedlings, transplanted, applied the treatment and managed the 

crop throughout the growing season. 

 

4.2.2   Treatment application 

The two cover crops mucuna and greengram were first grown as cover crops and then 

slashed and left on top of the soil as mulch a day before sweet pepper seedlings 

transplanting. Dry grass was applied on top of the soil as mulch. Mulching was done the 

first week after sweet pepper seedlings transplanting. Hand hoe weeding was done twice 

(two and six weeks after vegetable seedlings transplanting) and a control which was left 

unweeded allowing weeds to grow with sweet pepper throughout the experimental period.  

 

4.2.3 Farmers selection 

From the Towero village a total of 22 farmers involved in organic farming were purposely 

selected for the assessment of the efficacy of the different treatments applied on the sweet 

pepper crop. These farmers were involved in the study from the beginning. The criterion 

for selection was their experience and knowledge in organic agriculture focusing on weed 

management in organic agriculture. All the farmers had grown sweet pepper previously 
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with adequate exposure on growing the crop and had been equiped by extension officers 

and different non-governmental organizations with skills on assessing vegetable growing 

technologies.  

 

4.2.4  Farmers’ criteria for weed and soil management strategies for sweet pepper 

produces 

A group discussion was carried out to list the most important and common criteria for 

selecting the best weed management methodology and the benefits they perceive. Farmers 

used their own knowledge and experience to develop the list and ranking of the criteria to 

assess weed control technologies. This step was important for defining criteria for 

assessing an individual weed management strategy during evaluation of different 

strategies, and selecting the most preferred weed management strategy. Using the pre-

determined criteria, assessment and ranking of the different weed management strategies 

was based on the Likert scale of 1-5, with 1 being very poor performance and 5 being 

excellent performance. In this scale the scores were as follows; 

 1 = very poor, 

 2 = poor, 

 3 = good, 

 4 = very good, and 

 5 = excellent 

 

4.2.5 Weed and soil fertility management ranking  

Weed and soil fertility ranking was done by farmers using absolute, matrix and pairwise 

ranking. The ranking was done sequentially starting with absolute followed by matrix and 

then pairwise ranking. The rankings were done as follows; 
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4.2.5.1 Absolute ranking 

Absolute ranking was done by perception scores to explain farmers’ preference for one of 

the strategies. Farmers were first requested to observe the sweet pepper crops grown under 

different weed management strategies in the field before assessing them. Then they were 

asked to indicate their degree of agreement or disagreement with each of the various 

criteria on a pre-determined five-point Likert scale. Farmers assessed the five different 

weed management strategies for sweet pepper production namely grengram, mixed grass 

mulch, mucuna, weeding and control (no weed management applied). The different 

strategies were compared with hand hoe weeding which is the common practice used by 

both organic and conventional sweet pepper producers and a control in which no weed 

control strategy was applied.  

 

4.2.5.2 Matrix ranking 

Matrix ranking was done by farmers by scoring each strategy for each specific criteria or 

benefit expected from the strategy.  The scores from each criterion were summed up and 

then averaged to find a mean score of each strategy. The mean scores were used to rank 

the best strategy in descending order. 

 

4.2.5.3 Pairwise ranking 

In order to solidify farmers’ selection through absolute and matrix ranking, each selected 

weed and soil management strategy was subjected to pairwise ranking. Farmers were 

requested to compare each strategy over the other one by one. Then the strategy is ranked 

by considering the frequency of which the specific strategy has been selected over each 

remaining strategy. The most selected strategy over the other strategies is ranked as 
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number one followed by the other strategies in descending order reflecting the frequency 

of selection. 

 

Furthermore, fruits from different treatments were displayed for sale in an organic shop at 

Morogoro municipality to ascertain consumers’ preference of the sweet pepper fruits 

grown in plots which received different experimental treatments. Sweet pepper fruits were 

displayed in groups according to their weed management production strategy. Consumers 

voluntarily requested to do visual evaluation and rank the fruits harvested from plots with 

different weed management strategies. Consumers were asked to evaluate each group on 

the scale of 1 to 5, where 1 was very poor quality and 5 being excellent quality. 

 

4.2.5  Data analysis 

The scores of preference ranking were treated as quantities measured on a continuous 

scale. Data were analysed using SPSS (2002) statistical packages. 

 

4.3 Results 

4.3.1 Uses and purposes of growing sweet pepper in Towero 

Farmers were asked to narrate the uses, benefit or purposes of growing sweet pepper and 

rank them in order of importance. Table 4.1 summarizes the uses of sweet pepper at 

Towero village. Growing sweet pepper for food was ranked first, while for cash and crop 

rotation were ranked second and third respectively. 
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Table 4.1: Main uses of Sweet pepper at Towero cropping season (n=22) 

Uses/purpose Selection by respondents (%) Rank 

Cash 70 1 

Food 16 2 

Crop rotation 8 3 

Insect pests control 5 4 

Soil fertility improvement – different nutrients uptake 1 5 

Mean 20  

SE 0.47  

CV (%) 9.3  

 

4.3.2 Criteria used by farmers to select sweet pepper production strategy for weeds 

and soil fertility management 

Farmers listed criteria they use to select the best strategy for weeds and soil fertility 

management in sweet pepper production. From results presented on Table 4.2, yield 

increase, fruit quality improvement, ability to control weed pests and ability to improve 

soil fertility were the most important criteria for selecting the best weed and soil fertility 

strategy for sweet pepper production by the farmers in Towero village. However, the 

material used for a specific weed management strategy being a multipurpose in its use was 

not an important criterion for selecting and hence was ranked last. 

 

Table 4.2: Farmers’ criteria used to select strategy for weeds and soil fertility 

management in sweet pepper production at Towero village (n=22) 

Criteria Selection by respondents  (%) Rank 

Cost associated with the strategy 5 6 

Increase sweet pepper fruit yield 40 1 

Improve sweet pepper fruit quality 17 2 

Availability of materials 4 7 

Improve soil fertility 10 4 

Improve soil moisture 9 5 

Single use of the material (not used as animal feed) 1 9 

Sustainability of the strategy 3 8 

Ability to control weeds 11 3 

Mean 11.11  

SE 1.29  

CV (%) 17.82  
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4.3.3 Absolute ranking 

Farmers ranked weed management strategy for growing sweet pepper according to their 

preference. Most farmers preferred the cover crop strategy ranking mucuna and greengram 

first and second respectively, these were followed by mixed grass mulch strategy, with 

hand hoe weeding and control being the least (Table 4.3).  

 

Table 4.3:  Absolute ranking of weed and soil fertility management for sweet pepper 

growth by farmers (n=22) 

Weed and soil fertility management strategy Score (%) Rank 

Grengram 25 2 

Mixed grass mulch 19 3 

Mucuna 38 1 

Hand hoe weeding 18 4 

Control 0 5 

Mean 20  

SE 1.04  

CV (%) 12.0  

 

4.3.4 Characteristics of weeds and soil fertility management strategies for sweet 

pepper production as indicated by the farmers 

Farmers listed the characteristics of each strategy as observed in the field through 

observation and experiences they have as recorded on Table 4.4. 
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Table 4.4:  Farmers’ description of each strategy for sweet pepper production in          

Towero village (n=22) 

 Grengram 

 Improve soil fertility 

 Improve soil moisture 

 Improve sweet pepper yields 

 Control most of the weeds except few grasses 

and sedges 

 Improve fruits quality 

 Attract of some insect pests (Aphids) 

 Can be source of food 

 Cheap and less labour intensive 

 

Mixed grass mulch 

 Improve soil fertility 

 Increase soil organic matter 

 Improve soil moisture 

 Improve sweet pepper yields 

 Control most except few grasses and 

sedges 

 Improve fruits quality 

 Difficult to collect 

 Labour intensive and time consuming 

 Used as animal feed 

Mucuna 

 Improve soil fertility 

 Increase soil organic matter 

 Improve soil moisture 

 Improve sweet pepper yields 

 Control most of the weeds as it covers almost 

100% of the plot 

 Improve fruits quality 

 Improves plant vigour 

 Cheap and less labour intensive 

Control 

 Cheap interms of labour and time 

 Early  maturing crops due to stress 

 Drought susceptible 

 Very poor yield 

 Attracts large number of different pests 

 Decrease soil fertility 

Hand hoe weeding 

 Labour intensive 

 Drought susceptible  

 Average yields 

 Poor soil fertility management 

 Average fruit quality 

 

 

4.3.5 Matrix ranking 

Farmers conducted a matrix ranking of the strategies using pre-determined nine most 

important criteria used to select the strategies as described in Table 4.2. Results show that 

farmers ranked mucuna, mixed grass mulch and greengram as the best three strategies 

being fisrt, second and third respectively as shown in Table 4.5. 
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Table 4.5:  Matrix scores and ranking of weeds and soil fertility management 

strategies in sweet pepper production in Towero (n=22) 

No Criteria Weed and soil fertility management strategy 

Mixed grass 

mulch 

Mucuna Greengram Control Hand hoe 

weeding 

1.  Increase sweet pepper fruit 

yield 

4.4 5.0 4.6 1.0 4.0 

2.  Improve soil fertility 4.0 4.5 4.0 2.0 3.5 

3.  Ability to control weeds 4.0 4.6 4.3 4.0 3.4 

4.  Improve soil moisture 5.0 5.0 4.0 2.5 3.0 

5.  Improve sweet pepper fruit 

quality 

4.5 4.5 4.0 2.0 3.0 

6.  Cost associated with the 

strategy 

3.5 4.0 4.0 5.0 3.0 

7.  Availability of materials 3.5 4.0 4.0 5.0 4.0 

8.  Sustainability of the strategy 4.0 4.6 4.0 2.0 3.8 

9.  Single use of the material  3.0 5.0 3.0 5.0 5.0 

 Total  36.0 41.2 35.9 28.5 32.7 

 Mean 4.0 4.58 3.99 3.12 3.63 

 Rank  2 1 3 5 4 

Key for scores: 1 – Poor; 2 – Satisfactory; 3 – Average; 4 – Good; 5 – Excellent 

4.3.6 Pair wise ranking 

Results in Table 4.6 shows a pair wise ranking done by farmers at Towero village. 

Mucuna and greengram strategies were best, ranked first and second. 

 

Table 4.6:  Pair wise ranking of different weed and soil fertility management 

strategies in Sweet pepper production evaluated at Towero village 

 Weed and soil fertility management strategies Total Ranking 

Greengram Mixed grass 

mulch 

Mucuna Hand hoe 

weeding 

Control   

Grengram  Greengram Mucuna Grengram Grengram 3 2 

Mixed grass 

mulch 

  Mucuna Mixed grass 

mulch 

Mixed grass 

mulch 

2 3 

Mucuna    Mucuna Mucuna 4 1 

Hand hoe 

weeding 

    Hand hoe 

weeding 

1 4 

Control      0 5 

 

 

4.3.7 Cost of production 

Results on Table 4.7 show the cost of production and the profit or loss obtained under 

different weed and soil fertility management strategies as compared with the normal 
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organic farmers’ practice which is hand hoe weeding. From these results, sweet pepper 

production under mucuna strategy provided high profit. The mucuna strategy provided to 

the farmers a profit of up to 140% than hand hoe weeding, and 199.6% than mixed grass 

mulch which are commonly used by farmers for weed control. The high profit from 

mucuna strategy was followed by that from greengram cover crop with 80% over hand 

hoe weeding and 190.5% over mixed grass mulch.  

 

Table 4.7:  Total cost of production and the profit per hectare obtained under each 

weed and soil fertility management strategy at Towero village 

 Soil fertility stratergies 

Control (no 

treatment) 

Weeded Mixed grass 

mulch 

Greengram Mucuna 

Tanzanian Shillings 

`Total cost 310 000 430 000 350 000 360 000 360 000 

 

Gross revenue 

 

4 640 000 6 080 000 8 640 000 11 040 000 13 920 000 

Net benefit 

 

4 330 000 5 650 000 8 290 000 10 680 000 13 560 000 

Net profit over 
current practice 

(hand hoe 

weeding) 

-1 320 000 0 2 640 000 5 030 000 7 910 000 

 

 

4.3.8 Overall farmers’ preference 

Of the 22 farmers who participated in assessment, 60% preferred the use of mucuna cover 

crop for weeds control and soil fertility improvement while 31% and 22% preferred mixed 

grass dead mulch and greengram cover crop, respectively (Figure 1). The least preferred 

strategy was a control (0%) in which weeds were left undisturbed, all farmers (100%) did 

not choose this strategy followed by dead mixed grass mulch which 25% of farmers did 

not preferred it. 
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Figure 4.1. Farmers preference on different weed control strategies (n=22) 

 

4.4 Discussion 

4.4.1 Uses and purposes of growing sweet pepper in Towero 

Sweet pepper crop in Tanzania is mostly used as vegetable crop for house hold 

consumption but also as cash crop. Farmers in Towero village have explained the 

importance of sweet pepper production as part of their food and income. Studies have 

shown the importance of sweet pepper as one among sources of nutrients and hence its 

significance in the maintenance of human health and prevention of diseases. They contain 

valuable food ingredients which can be successfully utilized to build up and repair the 

body (Hanif et al., 2006). Furthermore, sweet peppers are valuable in maintaining alkaline 

reserve of the body. They are valued mainly for their high carbohydrate, vitamin and 

mineral contents (Marin et al., 2004; Pérez-López et al., 2007). These studies fall in line 

with the objectives of Towero farmers to grow sweet pepper as one among the major 
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vegetable crops, as the crop provide to them a stable source of income for stable house 

hold income and furthermore as a reliable source of nutritional food. 

 

4.4.2 Criteria for strategy selection 

To be selected by farmers, any crop production strategy should meet farmers’ expectations 

and should be easily available, effective and with low cost (Wilke and Snapp, 2008). The 

major criteria for farmers to prefer a certain weed management strategy were the strategy 

which improve sweet pepper yield, fruit quality, control weeds, improve soil fertility and 

moisture, easy and reliable availability for the materials used. These are due to the fact 

that moisture, weed pests and soil fertility are main constrains in sweet pepper production 

(Maerere et al., 2010). Furthermore, farmers avoided to select strategies which used 

materials with multiple uses. Materials with this nature are not reliable as in some seasons 

the materials may be used in other needs like animal feeds and hence bring competition 

between using it for weed control and feeding animals. For example, materials like mixed 

grass was ranked low compared to mucuna as these grasses had several uses rather that 

used as mulch. Cost for applying the strategy was among the things considered by farmers, 

strategies which were associated with high cost like weeding and mulching were less 

selected by famers. 

 

Farmers also considered the ability of the specific strategy on organic matter addition to 

the soil. This was associated with moisture content retention ability, in addition to that, 

strategies with high biomass performed better on weeds control. This is due to the fact 

that, when they are applied as cover crop they are able to produce high amount of biomass 

which it helps in competing effectively with weed pests and reduces the pests even before 

they are slashed and used as mulch. The last two strategies which were hand hoe weeding 
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and control (no treatment applied) were less preferred by farmers due to their poor ability 

to manage weeds and soil fertility, leading to poor yield and quality of fruits. These leads 

to farmers having less chance of sustaining food security for the household consumption 

and surplus for sale and improve household income.  

 

4.4.3 Absolute, matrix and pairwise ranking 

Matrix ranking results at Towero showed that, the three strategies tested (mucuna, 

greengram and mixed grass mulch) were very good in improving fruit yields and quality, 

improving soil fertility, managing weed pests, improving soil moisture and are sustainable. 

Mucuna and mixed grass scored very good to excellent (4 – 5) in most of the criteria and 

they were the most preferred strategies by farmers in Towero village as they were ranked 

first and second respectively followed by greengram. Absolute and pairwise ranking 

results showed that the same trend with mucuna and mixed grass mulch were the most 

preferred by farmers at since they ranked first and second respectively. This indicated that, 

the same strategies were preferred similarly by farmers in and also farmers know what 

they were selecting. Furthermore, this shows the ability of the two strategies on improving 

sweet pepper production and quality. The two materials were also preferred due to their 

less cost and more advantages in soil fertility through biomass addition. 

 

4.5 Conclusions 

From the study it was observed that, farmers’ preference and acceptability of new 

technology like mulching can be significantly influenced by different factors such as 

material availability, cost of the technology, its effect on yield and quality of the produces. 

Therefore, it is concluded that; 
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 In general, sweet pepper farmers’ selection to a certain weed and soil fertility 

management technology is associated with higher productivity, quality of fruits 

produced, material availability and cost of that technology.  

 Mucuna and green gram are most preferable strategies by farmers as they ranked 

first and second respectively in terms of absolutely, matrix and pairwise ranking.  

 Mucuna and greengram cover crop strategies are the most cost effective and 

profitable strategy under farmers’ condition. The two cover crops increase the profit 

margin obtained by farmers compared to weeding and dead grass mulch strategies. 

 Farmers prefer mulching materials (live or dead) which have only single use than 

multipurpose materials with another uses like animal feeds. 
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CHAPTER FIVE 

 

5.0 OVERALL CONCLUSIONS AND RECOMMANDATIONS 

5.1 Introduction  

This chapter highlights key contributions to the build of knowledge that the present study 

has made, furthermore it gives overall conclusions of this study done in two sites Towero 

village and Sokoine University of Agriculture (SUA) crop museum. In addition to that, the 

study also suggests areas which have been identified for further studies and provides 

recommendations that will help to improve the current situations to sweet pepper farmers. 

 

This study has shown the decomposition trend of two different cover crops namely 

mucuna and greengram, and release of different mineral nutrients in to the soil. The study 

has established the period of release of mineral nutrients from the cover crops and plant 

assimilation of different specific nutrient by sweet pepper plants. The study has tried to 

synchronize between the two, nutrients release from decomposed cover crop and sweet 

pepper crop uptake of the specific nutrients. Findings from this will contribute to the 

knowledge of appropriate use of the cover crop through identifying the appropriate time of 

sweet pepper seedlings transplanting so that they can optimize the optimal nutrients 

release by cover crop and optimal time for plant uptake. Few studies on the decomposition 

rate of the different green manures were done in Tanzania like those done by Partey et al. 

(2011) and Kimaro et al. (2008). 

 

The study further has shown the ability of the cover crops on weed management. It has 

been observed that, the two cover crops mucuna and greengram can suppress different 

types of weeds above ground and below ground in terms of weed seed bank. However, 

this depends much on the type of weeds available in site, as results indicate that sedge and 
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grasses were not completely suppressed and few managed to come out. Furthermore, one 

year application of cover crops for weed control did not significantly reduce weed and 

weed seeds population. Wittwer et al. (2017) recommended regular use of cover crops for 

weed control in order to increase yield in different crops. 

 

This study also acknowledged that application of cover crops for weed and soil 

management have positive implication to crop productivity, plant and fruit mineral content 

and fruit quality. Synchronization of nutrient release from cover crops and plant uptake by 

sweet pepper crop resulted into an increase in sweet pepper fruit production and plant 

growth vigour. It has also increase fruits mineral content which is for nutritionally benefit 

of consumers’ health but also improved sweet pepper fruit quality in terms of size. The 

other weed control practices commonly used by organic farmers which is hand hoe 

weeding and mixed dead grass mulch produced low yield with poor quality and small size 

compared to the two cover crops. Furthermore, studies on green manure cover crops 

(Aronsson et al., 2016; Finney et al., 2016) indicated the ability of cover crops to improve 

crop productivity. 

 

This study has also given an overview of the criteria organic farmers use on selecting the 

best cover crops for weed and soil fertility management. The findings will help other 

scientists conducting research on cover crops to know the type and areas where they can 

concentrate in order to provide more useful answers to the intended farmers. It has been 

observed that, farmers prefer multipurpose cover crops which can save as green manure 

and also suppress weeds. However, the intended cover crop should not be with multi-use 

as being a source of animal feed and also used as a mulch or source of soil fertility. In 

addition, the cover crop must not be of high cost and should be sustainable both in its stay 
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in the field when used as mulch and also its availability from one season to another. This 

study has tried to quantify the cost of using the two cover crops mucuna and greengram 

comparing with other techniques, the study of Snapp et al. (2005) have also tried to show 

the cost of using different types of cover crops.  Farmers will again prefer that type of 

cover crop or mulch which is not labour intensive in sourcing it and also during its 

application. 

 

5.2 Overall Conclusions  

The following conclusions were drawn frm the three studies which were done as follows; 

 

5.2.1 Study One: Soil fertility dynamics of ultisol as influenced by greengram and 

mucuna applied as live cover crop green manures 

i. Mucuna and greengram significantly improved soil fertility of ultisol when used as 

green manures. The cover crops increase organic matter content in the soil also the 

amount of N, P and K. The two cover crops also increase the amount of available 

P, Ca and Mg in the soil.  

ii. Furthermore, mucuna and greengram positively improved soil microbial 

population. 

iii.  From the study, it was observed that, optimal release and availability of mineral 

content, organic matter and microbial population availability are at the fourth to 

eighth week after the cover crops are applied as green manure.  
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5.2.2 Study two: Effects of live and dead mulching materials on weed occurrence, 

seed bank and diversity and their potential for improving sweet pepper 

physical and chemical attributes 

i. Mucuna and greengram cover crops were the best strategy for weed control. The 

two cover crops have significantly managed to reduce weeds occurrence, seed 

bank and their diversity. 

ii. Mucuna and greengram cover crops increase sweet pepper yields than mixed grass 

mulch and weeding strategies. 

iii. Sweet pepper produces harvested from field managed by mucuna and greengram 

were improved in their physical qualities in-terms of size and their mineral content. 

 

5.2.3 Study three: Farmer’s criteria on selection and preference of mulching 

technologies and their economic benefit in organic sweet pepper production. 

 Sweet pepper farmers’ selection to certain weeds and soil fertility management 

technology is associated with higher productivity, quality of fruits produced, 

material availability and cost of that technology.  

 Mucuna and green gram are most preferable strategies by farmers as they ranked 

first and second respectively in terms of absolutely, matrix and pairwise ranking.  

 Mucuna and greengram cover crop strategies are the most cost effective and 

profitable strategy under farmers’ condition. The two cover crops increase the 

profit margin obtained by farmers compared to weeding and dead grass mulch 

strategies. 

 Farmers prefer mulching materials (live or dead) which have only single use than 

multipurpose materials with another uses like animal feeds. 
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However, one year application of cover crops used as source of nutrients for soil fertility 

improvement or for weed control had poor residual effects on both weeds and soil fertility 

management. Among major challenges is growing them in advance for almost two to three 

months before transplanting sweet pepper as a major crop. Another challenge is the ability 

of few types of weeds like grasses and sedges which can penetrate the cover and warrant 

the use of hand weeding to remove them.  

 

5.3 Recommendations 

From these three studies, it is recommended that; 

i. The two cover crops mucuna and greengram, should be used to improve soil fertility 

in sweet pepper organic farms, sweet pepper yields, fruit chemical and physical 

qualities. 

ii. It is recommended that, the cover crops should be grown up to 50% flowering (70 and 

40 days after emergence for mucuna and greengram respectively, under Morogoro 

condition), then slashed and be used as mulch and left on the ground for three weeks 

before introducing the main crop. The cut and desiccated cover crop plant materials 

act as mulch. This will act as a double action, first in controlling weeds by denying 

them an opportunity to grow when cover crops are growing and covering the soil, and 

then when cover crop is slashed and used as mulch protecting new weeds to invade 

the transplanted crop seedlings. This will also reduce weed seed bank in the soil as 

most of the germinated weeds will fail to grow and reproduce and hence be unable to 

return new seeds to the soil. 

iii. It is essential that sweet pepper seedling should be transplanted three weeks after the 

cover crops has been slashed and left on top of soil as mulch in order to give enough 

time for the crop to stay with the cover crop before it is decomposed and give room 
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for weeds to re-invade. This also will benefit the crop as it will synchronize the cover 

crop nutrient release during its decomposition which is at fourth to eighth week after 

slashing with optimal crop nutrient requirement and up take.  

iv. Cover cropping should be established to continue producing the cover even if the 

main crop is not in the field in order to reduce weed seed bank.  

v. From this study, it is also recommended that, knowing farmers’ preference and 

criteria for assessing, preferring and accepting new agriculture technology like 

mucuna and greengram cover crop as dead and live mulch for weed control strategy 

but also (as a source of soil nutrients) is very important in order to make sure the 

introduced technology will be assimilated by farmers. In this study, the two cover 

crops mucuna and greengraam are recommended not only due to their outstanding 

performance but also because they were selected and preferred by farmers using their 

own developed criteria.  
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APPENDICES 

 

Appendix  1. Title of the Published Paper: Soil Fertility Dynamics of Ultisol as influenced 

by greengram and mucuna green manures  

 

Appendix  2. Correct Citation: Saria, A. G. Semu, E., Høgh-jensen, H. and Sibuga, K. P. 

Soil Fertility Dynamics of Ultisol as influenced by greengram and mucuna 

green manyures. Journal of Plant Sciences and Agricultural Research 2         

(2): 14. 

 

Appendix  3. Link: http://www.imedpub.com/articles/ soil-fertility-dynamics-of-ultisol-as-

influenced-by-greengram-and-mucuna-green-manures.php?aid=22605 

 



148 

 

 

Appendix 4. Dietary Reference Intakes (DRIs): Recommended Dietary Allowances and Adequate Intakes, Elements 
Food and Nutrition Board, Institute of Medicine, National Academies 

 Ca (mg/d)    Cr (μg/d) Cu (μg/d)  F (mg/d)    I (μg/d)   Fe (mg/d)    Mg (mg/d)  Mn (mg/d)   Mo (μg/d)   P (mg/d)      Se (μg/d)          Zn (mg/d)    K (g/d)      Na(g/d)      Cl(g/d) 

Infants 

0 to 6 mo      200*   0.2*  200*  0.01*  110* 0.27*  30*  0.003*      2*         100*   15* 2* 0.4*  0.12*  0.18* 

6 to 12 mo  260*    5.5*  220*  0.5*  130*  11  75*  0.6*      3*         275*   20*  3  0.7*  0.37*  0.57* 

Children 

1–3 y   700    11*  340  0.7*  90 7  80  1.2*      17         460   20  3  3.0*  1.0*  1.5* 

4–8 y   1,000    15*  440  1*  90  10  130  1.5*      22         500   30  5  3.8*  1.2*  1.9* 

Males 

9–13 y   1,300    25*  700  2*  120  8  240  1.9*      34         1,250   40  8  4.5*  1.5*  2.3* 

14–18 y   1,300    35*  890  3*  150  11  410  2.2*      43         1,250   55  11  4.7*  1.5*  2.3* 

19–30 y   1,000    35*  900  4*  150  8 400 2.3*      45            700   55  11  4.7*  1.5*  2.3* 

31–50 y   1,000    35*  900  4*  150  8 420  2.3*      45            700   55  11  4.7*  1.5*  2.3* 

51–70 y   1,000    30*  900  4*  150  8  420  2.3*      45            700   55  11  4.7*  1.3*  2.0* 

> 70 y   1,200    30*  900  4*  150  8  420  2.3*      45            700   55  11  4.7*  1.2*  1.8* 

Females 

9–13 y   1,300    21*  700  2*  120  8  240  1.6*      34         1,250  40  8  4.5*  1.5*  2.3* 

14–18 y   1,300    24*  890  3*  150  15  360  1.6*      43         1,250  55 9  4.7*  1.5*  2.3* 

19–30 y   1,000    25*  900  3*  150  18  310  1.8*      45            700   55 8  4.7*  1.5*  2.3* 

31–50 y   1,000    25*  900  3*  150  18  320  1.8*      45            700  55 8  4.7*  1.5*  2.3* 

51–70 y   1,200    20*  900  3*  150  8  320  1.8*      45            700   55  8  4.7*  1.3* 2.0* 

> 70 y   1,200    20*  900  3*  150  8  320  1.8*      45            700   55  8  4.7*  1.2*  1.8* 

Pregnancy 

14–18 y   1,300    29*  1,000  3*  220 27  400  2.0*      50         1,250   60  12  4.7*  1.5*  2.3* 

19–30 y   1,000    30*  1,000  3*  220  27  350  2.0*      50            700   60  11  4.7*  1.5*  2.3* 

31–50 y   1,000    30*  1,000  3*  220  27  360  2.0*      50            700   60  11  4.7*  1.5*  2.3* 

Lactation 

14–18 y  1,300    44*  1,300  3*  290  10  360  2.6*      50         1,250  70  13 5.1*  1.5*  2.3* 

19–30 y   1,000    45*  1,300  3*  290  9  310  2.6*      50            700   70  12  5.1*  1.5*  2.3* 

31–50 y   1,000    45*  1,300  3*  290  9  320  2.6*      50            700   70  12  5.1*  1.5*  2.3* 

NOTE: This table (taken from the DRI reports, see www.nap.edu) presents Recommended Dietary Allowances (RDAs) in bold type and Adequate Intakes (AIs) in ordinary type followed by an asterisk (*). 

An RDA is the average daily dietary intake level; sufficient to meet the nutrient requirements of nearly all (97-98 percent) healthy individuals in a group. It is calculated from an Estimated Average Requirement (EAR). If 

sufficient scientific evidence is not available to establish an EAR, and thus calculate an RDA, an AI is usually developed. For healthy breastfed infants, an AI is the mean intake. The AI for other life stage and gender groups is 

believed to cover the needs of all healthy individuals in the groups, but lack of data or uncertainty in the data prevent being able to specify with confidence the percentage of individuals covered by this intake. 

SOURCES: Dietary Reference Intakes for Calcium, Phosphorous, Magnesium, Vitamin D, and Fluoride (1997); Dietary Reference Intakes for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic Acid, 

Biotin, and Choline (1998); Dietary Reference Intakes for Vitamin C, Vitamin E, Selenium, and Carotenoids (2000); and Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, Iodine, Iron, 

Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc (2001); Dietary Reference Intakes for Water, Potassium, Sodium, Chloride, and Sulfate (2005); and Dietary Reference Intakes for Calcium and Vitamin D (2011). 

These reports may be accessed via www.nap.edu. 


