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ABSTRACT
Tomato (Solanum lycopersicum L.) production is major source of income, creation of
employment as well as improving food security. The objective of the study was to come up
with an integrated approach for managing nematode (Meloidogyne spp) and carbon dioxide
(COy) enrichment for field grown tomato, conducted at Egerton (0°23" S; 35°35’ E), Kenya.
The experiment was a 2 x 3 x 2 factorial arranged in a Randomized Complete Block Design
(RCBD). The factors under study were agronet cover at 2 levels (net and no net cover), fresh
organic manure at 3 levels (cow dung, goat dung and no organic manure) and cropping regime
at 2 levels (tomato intercropped with slender leaf (Crotalaria brevidens var. Brevidens Benth.)
and monocrop tomato). Use of the agronet cover, fresh organic manure and slender leaf
intercrop resulted in higher CO. concentration within the tomato plant vicinity, showed
suppressive effect on nematode population and significantly improved tomato growth and yield
when used alone and in combinations compared to the control treatment (monocrop tomato
grown in the open with no fresh manure applied). Using agronet cover, fresh organic manure
and slender leaf intercrop alone or in combination resulted in a 23.5% to 86.3% reduction in
nematode population in trial 1 and a 33.9% to 89.3% reduction in experiment 2, a 59.1% to
78.9% reduction in number of root galls in trial 1 and a 56.3% to 77.7% reduction in trial 2 and
19.7% to 145.5% increase in fresh fruit weight in trial 1 and 23.6% to 90.3% increase in trial
2 compared to the control treatment. Among the treatments, the combination of agronet cover,
goat dung and slender leaf intercrop resulted in the highest CO2 concentration within the tomato
crop vicinity, highest reduction in nematode population, highest increase in fruit yield and
better postharvest quality of tomato fruit. Findings of this study demonstrate integrated use of
agronet cover, fresh organic manure and slender leaf intercrop as a viable alternative method
for the management of tomato root-knot nematode and enhanced CO: levels in the immediate
crop environment of open field grown tomato leading to improved growth, fruit yield and

quality.
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CHAPTER ONE
INTRODUCTION

1.1 Background Information

Tomato (Solanum lycopersicum L.) is a popular and extensively cultivated vegetable
worldwide (Rothan et al., 2019). It is grown either in open field or under greenhouse
conditions. Tomato yield globally in 2018 was estimated at 182, 256, 458 tonnes, accounting
for 16.74% of world vegetable production (FAO, 2019). The crop is consumed by most families
as a source of vitamins A and C and lycopene (Asante et al., 2013). In the year 2018, Africa’s
average tomato yield stood at 16.08 tonnes/ha, which fell way below the world average yield
of 38.27 tonnes/ha for that year (FAO, 2019). Kenya was amongst the leading producers of
tomato in sub-Saharan Africa, producing 599,458 tonnes out of Africa’s total yield of 20.8
million metric tonnes in 2018 (FAO, 2019). During the same year, Kenya’s average yield was
21.21 tonnes/ha with the comparable low yields attributed to various challenges including
abiotic and biotic constraints.

Tomato production can be improved by increasing output per unit area of land or by
putting more land under production. Arable land in sub-Saharan Africa has, however been
declining over the years especially in the high rainfall areas due to rapid population growth
(Naab et al., 2013). Food security amid scarcity of arable land could thus be achieved through
intensification as a way of maximizing productivity per unit area of available arable land. For
this to be achieved optimum management of resources such as water, light, temperature,
nutrients and carbon dioxide (CO.) concentration need to be enhanced (Atwell et al., 1999).
Moreover, tomato productivity is limited by several biotic constraints such as root-knot
nematodes (Meloidogyne spp), which is common particularly in tropical and subtropical
countries (Sikora & Fernandez, 2005). Root-knot nematodes can cause up to 80% yield losses
especially in heavily infested crop fields (Kaskavalci, 2007). The life cycle of 6 to 8 weeks
allows root-knot nematodes to thrive and build up quickly before the crop reach especially in
presence of an appropriate host crop (Bello et al., 2014; Shurtleff & Averre 2000). Control of
root-knot nematodes is difficult since the pathogen is soil-borne with a wide host range and
usually attacks the underground parts of the plant (Sikora & Fernandez, 2005).

Currently, the primary control measures employed against root-knot nematodes are
nematicides as a pre-plant fumigation of soil and crop rotation (Seid et al., 2015). Although
crop rotation can be an effective method of managing root-knot nematode, it is not feasible

among smallholder crop production systems due to limited land resource. Nematicides on the



other hand are effective and respond quickly but are now being reevaluated with reverence to
their effects on the environment and human health as well as the high cost (ldorenyin &
Ugwuoke, 2010). There is therefore need for development of alternative sustainable
management strategies for the pest that are ecofriendly and relatively affordable to smallholder
tomato growers. Alternative strategies for control of root-knot nematodes such as heat
treatment, soil solarization, crop rotation, mixed planting and application of organic soil
amendments of crop and/or animal origin (Singh & Khurma, 2007) that do not pollute the
environment have been emphasized to researchers, farmers and scientists (Mashela et al.,
2008). Studies have revealed that main plants can be protected against root-knot nematode
infestation when grown with intercrop plants with nematicidal or nematostatic properties (Bello
etal., 2014).

Intercropping refers to spatially diverse growing of crop species in the same field,
usually by growing of one plant species adjacent to another plant species (Wang et al., 2002)
for cultural gains which includes reduction of pests (Kuepper & Dodson, 2001). Intercrop crops
regulates insect pests by reducing pest development and establishment and/or by enhancing
natural enemies capable of killing the insect pest. Slender leaf (Crotalaria brevidens var.
brevidens Benth.) belongs to family Fabaceae and its growth behaviors vary from shrubs to
herbs. The genus is common in the tropics and subtropics, with the highest number of species
being found in Africa. It possesses many characteristics of a cover crop, being a poor or non-
host for a great group of insect pests and pathogens, compete with weeds, growing vigorously,
performing symbiosis with rhizobium in the rhizosphere to fix nitrogen, and being a green
manure.

Use of organic manure has also been shown to reduce negative effects of soil borne
pests like root-knot nematode on host crop with a resultant increase on growth and yield of the
crop (Abolusoro & Abolusoro, 2012). Amendments such as organic manure affect the
dynamics of soil borne pathogens by promoting antagonistic soil organisms, stimulating the
competitive status of the non-pathogenic organisms, or by direct toxic effects on soil borne
pathogens during decomposition (Bailey & Lazarovits, 2003; Bonamoni et al., 2010).
Predatory nematodes tend to be higher in organic amended soil thus suppressing parasitic
nematodes in the soil (Summer, 2011). Composted organic manure are stable and mineralize
gradually releasing low concentrations of toxic nematicidal compounds (Widmer & Abawi,
2002). Raw organic manures can be more efficient than composted organic manures as toxic
compounds can quickly build up to reach toxicity threshold level for root-knot nematodes

(Nahar et al., 2006). Beside organic soil amendments showing the potential in pest
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management, they can also serve as source of carbon dioxide (CO) enrichment in a crop
production system. According to Mapanda et al. (2011) applications of organic manure in the
soil triggers emissions of CO». Type and amount of organic manure used determine the volume
of soil CO; being emitted (Diacono & Montemurro, 2010), as well as the amount of carbon
present in that soil (Li et al., 2013). Carbon dioxide enrichment result in increased
photosynthetic efficiency (Drake et al., 1997; Long et al., 2004), which increases the
photoassimilate supply resulting to higher dry mass and yield production.

Carbon dioxide enrichment under open field production has not been achieved. Carbon
dioxide enrichment and other environmental manipulations during crop production are mostly
feasible under greenhouse production. Adoption of greenhouse production by small scale
farmers has however, been slow, especially in developing countries such as Kenya due to the
high costs involved in purchase and installation of the structures (Jadhav & Rosentrater, 2017).
The use of net covers in crop production offers a cheaper and less energy consuming
technology than greenhouses (Shahak, 2008). Net covers create a barrier for free exchange of
gases within and outside the net (Harmanto et al., 2006). Changes on the local microclimate
under net covers modify CO> concentration and assimilation consequently influencing crop
growth and development (Kittas et al., 2012). Besides, net covers have the ability to minimize
other abiotic and biotic stresses, which affect crop production and subsequent quality of that
produce (Rajasekar et al., 2013). Netting technology has regularly been used to protect tomato
crops from extreme solar radiation, provide shelter to plants against strong wind and hail stone
(Shahak, 2014) and effectively reduce insect pest pressure (Gogo et al., 2012).

Integrated Crop Management (ICM) approaches have been established for many crops
that have led to reduction in pesticide usage, increased crop yields and economic value, and
lower risks for farm management in order to reduce variation in the pest problem severity
(Dent, 1995; Koul et al., 2004). Further improvement of such programs will promote their
wide-spread applicability and improve on the performance of crop production systems.
Integrating intercropping, fresh organic manure sources and agronet cover in tomato
production has the potential to offer a feasible alternative management strategy for root-knot
nematodes and CO> concentration in the immediate crop environment leading to improved

tomato fruit yield and quality.



1.2 Statement of the Problem

Increasing crop productivity is presently a main challenge towards meeting food
requirements of the growing population as arable land sizes continue to decline amid
population growth. This situation is expected to worsen in future, hence need to increase crop
productivity per unit area of arable land in order to achieve food security amid the scarcity of
arable land. Although tomato is vital for food and cash crop for many small holders in Kenya,
most growers are not able to realize higher yields and quality fruits from their small holdings
due to various biotic and abiotic constraints. As low as 7 tonnes hectare™ has been recorded in
the country compared to average of 75 tonnes hectare™ in developed countries. Nematode is
amongst the major biotic constraints to tomato production and can cause yield loss of up to
80%. Currently many growers have mostly relied on the use of nematicides for nematode
control in order to increase yield. Although use of chemicals is effective and eliminate insect
pest quickly, they are being reevaluated with reverence to being hazardous to the environment
and human health besides being too expensive for most small-scale tomato growers. Crop
rotation which would have been an alternative method of managing nematodes is currently not
feasible within small holder crop production systems due to limited land resource which leaves
farmers with limited options for nematode management. There is evidence from other areas of
the ability of intercropping and organic soil amendment to control nematodes, but their role
under tropical conditions is yet to be established. Yield increase can also be achieved through
proper management of abiotic factors including CO: levels. Carbon dioxide enrichment has
been achieved under greenhouse production but it has not been possible under open field
production. While smallholder farmers in the tropics and sub-tropics annually generate large
volumes of organic manure which release substantial amount of CO> during decomposition,
use of such CO2 in improving crop performance is still limited under our farming systems

which are predominantly open field based.

1.3 Objectives
1.3.1 General Objective
To contribute towards enhanced tomato yield and quality by providing different nematode

management and CO» enrichment strategies for open field production systems.

1.3.2 Specific Objectives
i.  To determine the effects of cropping regime, fresh organic manure sources and

agronet cover on the CO> concentration in the canopy of field grown tomato.



ii. To determine the effects of cropping regime, fresh organic manure sources and
agronet cover on nematode population in tomato.
iii.  To determine the effects of cropping regime, fresh organic manure sources and

agronet cover on tomato performance and quality.

1.4 Hypotheses
i).  Cropping regime, fresh organic manure sources and agronet cover have no effect
on the CO; concentration of the immediate tomato crop environment.
i).  Cropping regime, fresh organic manure sources and agronet cover have no effect
on nematode population during tomato production.
iii).  Cropping regime, fresh organic manure sources and agronet cover have no effect

on tomato performance and quality.

1.5 Justification of the Study

Tomato growing in Kenya is a major source of income for smallholder farmers, creates
employment, earns foreign exchange and improves food security. Its productivity per unit area
has however remained low especially among smallholders who comprise the majority of
tomato growers in the country. Production per unit area of land can be maximized through
proper cultural practices and management of major pests of tomato among them being root-
knot nematodes. Nematodes are capable of causing as high as 80% vyield loss (Kaskavalci,
2007; Sikora & Fernandez, 2005). At present, the key control measures used against root-knot
nematodes are synthetic chemicals and crop rotation. Synthetic nematicides are effective but
are presently being reassessed with reverence to their effects on the environment and human
health. Although crop rotation can be an effective method of controlling plant parasitic
nematodes, it is not feasible among smallholder crop production systems due to limited land
resource. Studies have revealed that host plants can be protected against root-knot nematode
attack by intercropping with plants with nematicidal or nematostatic properties and organic
manure. Less attention has, however been paid on how intercropping with such plants and fresh
organic manure can be used for pest management, especially for management of root-knot
nematodes and enhancement of crop performance in our local agricultural ecosystems, yet
nematodes have continued to be a major pest for many crops in the country. There is therefore
need for development of alternative sustainable nematode management strategies that are
relatively affordable to smallholder tomato growers and are environmentally friendly.

Crop productivity is also limited by plant capacity to exploit sufficient carbon during

their life cycle. To increase CO2 concentration to crops, various strategies have been used under



greenhouse mostly in developed countries. Nevertheless, these measures have limitations such
as being expensive and difficult to operate, besides the need for a greenhouse cover which is
also costly for smallholder farmers to afford. This makes such technologies inadaptable for
open field production situation. Agronet covers are affordable to small scale farmers and due
to their barrier effect have ability to manipulate gaseous exchange in the crop environment. By
creating a barrier, there is potential for using net cover in enhancing CO2 concentration level in
the air around the crop canopy but has not been practiced. Knowledge on use agronet has led
to stabilization of air temperatures, increase humidity, improved water content as well as
reducing sun light reaching the plant. To maximize on the positive effect of net technology on
crop yield and quality, further improvement on its applicability through combining it with other
crop management practices stand to benefit small scale farmers in improving tomato
productivity. The use of agronet cover and fresh organic manure in tomato production could
provide affordable technologies for minimizing nematode attack and manipulating CO>
concentration of the immediate plant environment thus improving farmers’ yield per unit of

available arable land.

1.6 Scope and Limitation of the Study

This research evaluated use of agronet cover, cropping regime and fresh organic
manure as a potential strategy for use in CO2 enrichment, suppressing root-knot nematode
populations and enhancing open field tomato crop performance. Materials used were agronet
cover of 0.4 mm pore diameter sourced from A to Z Textile Mills Ltd., Arusha Tanzania,
Slender leaf (Crotalaria brevidens var. brevidens Benth.) intercrop, and fresh cow and goat
dung obtained from the Tatton Agriculture Park (TAP). The study was undertaken in Egerton
University, Njoro but the findings can be applied to other areas with similar conditions.
Generally, the study aimed at improving tomato crop performance by providing alternative
nematode management and CO> enrichment strategies for open field production systems.
However, health concerns for growers and consumers due to use of manure in its fresh state
may be a limitation of the study. Secondly, Integrated Crop Management (ICM) strategies
varies from one area to another. Post-harvest analysis studies of tomato produce grown with

fresh manure need to be conducted to determine its safety for human consumption.



CHAPTER TWO
LITERATURE REVIEW

2.1 Overview of Tomato Production and Uses

Tomato belongs to Solanaceae family (Tindall, 2000). It is indigenous to South
America, used as food in Mexico and it is grown all over the world following the Spanish
colonization of the America (Ekpenyong et al., 2016). Tomato is a perennial plant and are dicot
plants with some having compound leaves while others have simple leaves. Shape of tomato
fruit varies from circular to oblong depending on the cultivar with fruit color ranging from
yellow to red. Tomato is the world’s major vegetable crop after Irish potato (Solanum
tuberosum) and it’s the most canned vegetable crop (Fawusi, 1987). It is produced as a major
commercial crop in most countries including Kenya as revealed by (MOARD, 2003). The
largest producer in the world China (37,979,062.34 tonnes), accounted for about one quarter
of the global production followed by United States (11,704,497.52 tonnes) and India
(10,867,801.03 tonnes) (FAO, 2013). Tomato production globally in 2018 was estimated at
182, 256, 458 tonnes, accounting for 16.74% of world vegetable production (FAO, 2019). In
the year 2018, Africa’s average tomato yield stood at 16.08 tonnes/ha, which fell way below
the world average yield of 38.27 tonnes/ha for that year (FAO, 2019). Kenya was amongst the
leading producers of tomato in sub-Saharan Africa, producing 599,458 tonnes out of Africa’s
total yield of 20.8 million metric tonnes in 2018 (FAO, 2019). During the same year, Kenya’s
average yield was 21.21 tonnes/ha with the low yields being attributed to various challenges
including abiotic and biotic constraints. The tomato is grown in nearly all parts of the Kenya,
with main growing areas being Nakuru, Nyeri and Taita Taveta (Ssejjemba, 2008). Tomato
grown in the open field accounts for 95% of the total yield while greenhouse technology
accounts for 5% (Seminis, 2007).

Tomato is grown in cool and dry climatic condition. Nevertheless, tomato can be grown
in an extensive climatic condition ranging from temperate conditions to hot and humid tropics.
Most tomato varieties thrive well at the optimum temperature of between 21°C and 24°C
although the plant tissues are damaged when the temperatures are below 10°C and above 38°C
(Naika et al., 2005). The crop can be grown in an extensive diversity of soils so long as they
have high organic matter with good drainage, and a pH of 5 to 7.5 (KARI, 2006). In the tropics,
tomato is subjected to extreme abiotic condition which prevail under this tropical conditions
and also biotic stresses (Premachandra et al., 2005). In Kenya, low yields of 7 tonnes per

hectare have been reported especially under open field conditions against a world average of



75 tonnes per hectare (FAO, 2008; 2010). This is due to both biotic, mainly insect pests and
plant parasitic nematodes and abiotic factors, which include exceeding rainfall, severe crop
drought and high solar radiation (HCDA, 2006). Plant growth can be damaged by high solar
radiation which cause hormonal malfunction resulting to lower plant yield with reduced quality
(Harmanto et al., 2006). High solar radiation coupled with expensive pesticides have compelled
farmers and research scientist to discover farming systems that allows them to deal with the
hostile climatic conditions as well as reducing usage of pesticide and optimum management of
resources such as water, light, temperature, nutrients and carbon dioxide (CO) concentration.

Tomato production is one of the most promising areas for horticultural expansion and
development in Kenya (HCDA, 2006; MOARD, 2003). It’s produced by both small scale and
extensive cultivation with intention of improving their income and creating job opportunities,
hence improving living standards in rural areas where poverty is prevalent (Ortiz & Hartmann,
2003). The crop is consumed by nearly all households (Asante et al., 2013). Tomatoes are
consumed in fresh state or used in production of a varied variety of factory-made products
(Helyes et al., 2009; Ray et al., 2011). It’s a good seasoner in most foods and rich in vitamins
(Saltveit, 2003). Tomato fruit is composed of large amount of water, calcium and niacin which
play an important role in the metabolic activities of human being (Ekpenyong et al., 2016)
besides carotene and lycopene that help in preventing prostate cancer (Mourvaki et al., 2005)
and phenolics complexes such as coumarine and chlorogenic acid (Tucker et al., 2007).
Lycopene is the highest profuse antioxidant in the mature tomato fruit accounting for roughly
85% of the tomato fruit color (Helyes et al., 2009). Besides, tomato is also rich in vitamins,
total soluble solids and nutrition (Khan et al., 2007).

2.2 Plant Parasitic Nematodes

Plant parasitic nematodes which include root-knot nematodes cause significant yield
losses of crops (Fourie et al., 2001; Koenning et al., 2001) particularly in the tropics where
condition favour their growth and development (Luc et al., 2005). They attack wide range of
host crops (Dickson & De Waele, 2005; Kratochvil et al., 2004) which makes their control
more difficult. Nematodes are microscopic circular worms found in nearly all habitats. The
nematode species are estimated to be more than half a million, several of which are free living
species found in the soils, oceans and fresh water. Among the nematodes, the destructive
nematodes belong to a smaller group and are more harmful to plants (Ehwaeti et al., 2000). A
few of plant parasitic nematodes are endoparasitic hence, they feed and live inside the plant

tissues while others are ectoparasitic hence, they freely live and feed externally through the



plant walls. Olsen (2000) found that one endoparasitic nematode can kill a plant and highly
decrease crop yield whereas ectoparasitic nematode feeds on a plant without causing any effect
on its production. Generally, most plant parasitic nematode species such as root-knot
nematodes have extensive range of host and a few of plant parasitic nematode species are host
specific species. Root-knot nematodes (Meloidoyne spp.), the cyst nematode (Heterodera spp.)
and the lesion nematode (Pratylenchus spp.) are economically important pest and feeds mostly

on plant root (Debora et al., 2008).

2.2.1 Root Knot Nematodes

Root-knot nematodes are most destructive pest of numerous agricultural crops in many
parts of the world (Trifonova et al., 2009). Root-knot nematodes are the most successful plant
parasites (Vovlas et al., 2005). In circumstances where their population exceed economic
threshold level, they cause more damage to the plant and in severe cases they cause total crop
failure (Sikora & Fernandez, 2005). Their life cycle is short lasting for six to eight weeks
enabling them to thrive well under favourable conditions and their population can increase and
reach the peak before the crop matures (Shurtleff & Averre, 2000) and in severe cases the crop
dies before the crop attains maturity (Singh & Khurma, 2007). Lately, root-knot nematode is
one of the main pathogens of tomato plants in most parts of the world (Jacquet et al., 2005).
Among the genus Meloidogyne exist more than 90 known species, but most prominent species
include Meloidogyne incognita, M. arenaria, M. javanica and M. hapla (Hunt et al., 2005;
Karssen, 2000). Meloidogyne arenaria, M. javanica and M. incognita are found typically in
tropical and subtropical areas but in temperate areas are found under protected farming.
Meloidogyne hapla is typically found in temperate areas and in tropics they are found only in
higher altitude (Hunt & Handoo, 2009). In heavily infested fields root-knot nematodes can
cause vegetable yield loss of up to 80% (Kaskavalci, 2007). They limit fruit production in
tomato (Sikora & Fernandez, 2005) and can cause yield loss in tomato ranging from 28 to 68%
(Adesiyan et al., 1990).

Plants infested by root-knot nematode demonstrates symptoms such as stunting,
yellowing, abnormal development of root with distinctive galls, unhealth appearance of the
plant and reduced fruit production (Tisserat, 2006). Moreover, heavy infestation of root-knot
nematode can cause death of the host plants. Plant roots infested with root-knot nematodes
triggers a sequence of procedures that cause variations in the whole composition of the host
plant. Plant root galls are formed when root-knot nematodes enter the cells of the cortex and

pericycle the endodermis and reach the stele. About 5 to 7 cells adjacent to the root-knot



nematode’s head enlarges and become a specialized huge cell bigger than other cells. The
nuclei of the giant cell expand, become polyploidy and undergoes a sequence of synchronized
division (Mai & Mullin, 1996). Root galls resulting from root-knot nematode infection damage
the vascular tissues of the root and consequently interfere with the normal uptake of water and
nutrient by the plant throughout the vascular tissues (Olson, 2004). In addition, root-knot
nematode infestation in plants may results in the presence of symptoms on above ground parts
of the infected plant. Root symptoms may appear as root galls, root lesions, unnecessary
branching of the roots (Ogallo et al., 1997). Root-knot nematode may damage the plant root
tips leading to creation of secondary entry for other pathogens such as plant pathogenic or

saprophytic bacteria of fungi which cause root rot (Cerkaukas, 2004).

2.2.2 Management of Nematode in Tomato

Management of root-knot nematodes with synthetic nematicides is the most effective
method (Adegbite & Agbaje, 2007; Dubey & Trivedi, 2011; Sikora & Fernandez, 2005). A
study on Meloidogyne incognita incidence in yam varieties reduced significantly after addition
of carbofuran (3G) at 100 kg ha? (Adegbite & Agbaje, 2007). Nevertheless, high price of
chemical nematicides together with their harmful effects on the ecosystem and non-target
organisms are some of disadvantages against their usage (Idorenyin & Ugwuoke, 2010). As a
result of this, it is clear that new alternative control methods of root-knot nematode which are
as effective as chemical nematicides, harmless to farmers, safe for consumers and environment
and affordable to small scale farmers (Fernandez et al., 2001). Some of alternatives found
promising may include solarization, crop rotation and organic manure (Adekunle, 2011).
Solarization is a thermal process of trapping solar radiation under clear polythene plastic mulch
laid over moist soil for temperatures to build up to lethal conditions which can easily kill the
root-knot nematodes together with other soil borne pathogens (Benlioglu et al., 2005). The heat
dosage of solarization depend mostly on soil temperature and duration of solarization. The
effectiveness of solarization is also affected by soil texture, color, moisture and characteristics
of film used. On the other hand, organic amendments are readily available with little or no
adverse effects on human being and the environment unlike chemical nematicides (Amulu &
Adekunle, 2015).

Organic soil amendments have direct influence on soil properties such as soil fertility,
soil structure and soil biology. Besides, they also great impact on the dynamics of soilborne
pathogens such as root-knot nematodes, by encouraging unfriendly soil organisms, stimulation

of competitive status of non-pathogenic organisms, and toxic compound produced during
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decomposition may have direct effect on soilborne pathogens (Bailey & Lazarovits, 2003;
Bonamoni et al., 2010), thus suppressing the plant parasitic nematode population in the soil
hence improving plant growth and development. Jatak (2002) reported increased population of
predatory microorganism on root-knot nematode after addition of organic manure. Non-
pathogenic microorganisms compete with root-knot nematode for space, water and/or food. On
the other hand, toxic compound released by the microorganism has negative impact on the root-
knot nematodes thus affecting root-knot nematode mobility, survival mechanism and
population density hence improving plant growth and development (Abolusoro et al., 2013).

Pakeerathan et al. (2009) found that use organic manure amendments in root-knot
nematode infested plant improves their performance. This enhancement plant performance
could be attributed to direct stimulation of plant parasitic nematode predators leading to
suppression of root-knot nematode population densities and subsequent increase in plant
growth and yield. Study by Olabiyi et al. (2007) on how different organic manure affect
nematode pests on cowpea established significant decrease in population densities of plant
parasitic nematode such as Meloidogyne spp., Helicotylenchus spp. and Xiphinema spp. in
fields applied with organic amendments. According to Widmer and Abawi (2002), fully
decomposed organic manure are stable and mineralize slowly releasing toxic nematicidal
compounds slowly and this could lead to very low toxic concentrations that are unable to
control nematodes (Akhtar & Malik, 2000). Nahar et al. (2006) anticipated that fresh organic
soil amendments may be more effective than fully decomposed organic soil amendments, since
toxic compounds can quickly build up and reach the toxicity threshold level that can easily
control root-knot nematodes hence reducing their populations and at the same time increasing
beneficial microorganism and microbial activities. A study by Aktar and Malik (2002) using
cow dung, domestic waste and poultry manure reported a positive effect of these organic
manures in suppression of plant parasitic nematode with a resultant increase in plant
performance.

Studies by Wang et al. (2002, 2003a, 2003b) found that incorporation of Crotalaria
juncea and Tagetes erecta into the soil enhanced nematode-trapping fungi (NTF) under
protected and open field conditions. Though, Crotalaria juncea under open field conditions
enhanced nematode-trapping fungi populations more successfully and over extended period of
time than Tagetes erecta, perhaps owing to the larger volume of biomass produced by
Crotalaria juncea than Tagetes erecta (Wang et al., 2002, 2003a). Crotalaria increases
bacterivorous nematode population densities and nematode trapping fungal propagules, thus

enhancing microbial activities against Meloidogyne species (Wang et al., 2002). Besides pest
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management, other related benefits of intercropping other crops with Crotalaria are better yield
stability, more land use efficiency, improved competitive ability toward weeds and

enhancement of soil fertility (Mousavi & Eskandari, 2011).

2.2.3 Mechanisms of Nematode Suppression

Modes of nematode suppression by antagonistic plants could be linked to provision of
non-host or poor host environment for plant parasitic nematodes (Rodriguez-Kabana et al.,
1988, 1994), production of allelochemicals (Halbrendt, 1996), and enhancing nematode
antagonistic flora and fauna (Kloepper et al., 1991; Linford, 1937), or may act as a trap crop to
plant parasitic nematode (Gardner & Caswell-Chen, 1994; LaMondia, 1996). A perfect crop to
grow as cover crop should possess more than one mechanism involved in nematode
management. The measures for main plant resistance are failure of the nematode to live inside
the host or early nematode death in the host, reduced egg production, or prevention of nematode
growth and development (McSorley, 1999; Rich & Rahi, 1995; Trudgill, 1991).

The modes of action for organic manure are not always clear, and application modes
are often empirical (Collange et al., 2011). Numerous mechanisms have been suggested to
describe how organic manure amendments affects plants growth in the presence of root-knot
nematodes. Studies show release of nematicidal compounds by organic manure during
decomposition and activation of microbial activities in the soil, as well as stimulation of root-
knot nematode natural enemies and competitors that depend on microbial actions, and
improved soil nutrients and water holding capacity resulting in vigorous plants with increased
tolerance to root-knot nematodes (Akhtar & Malik, 2000; Oka, 2010; Thoden et al., 2011).
Sometimes it’s hard to differentiate which are most important mechanism as numerous
mechanisms may occur simultaneously (Akhtar & Malik, 2000; McSorley, 2011). Applying
higher dosages of organic manure could increase its effectiveness in root-knot nematode
management until a point where phytotoxicity is experienced. At higher dosages, root-galling

may be reduced, but yield is reduced because of phytotoxicity (Collange et al., 2011).

2.3 Organic Manure as a Source of Carbon Dioxide

Carbon mineralization process in soil signifies volume of organic material existing in
the earth and is perceived as a sign of microbial activity (Choudhary et al., 2021). High
microbial population densities and biomass present in the soil can be associated with high
organic matter which enhances biological activity as organic materials are incorporated into
the soil every year hence adding of fresh carbon source (Liu et al., 2018). Organic manure can

serve as source of carbon dioxide (CO>) during decomposition. The degree of CO, emission is

12



highly enhanced by the quantity and characteristics of organic manure materials applied
together with other factor such as soil growths and ecological conditions which includes
temperature and water accessibility (Agehara & Warncke, 2005; Hossain et al., 2017).
According to Rahman (2013) emission of different gases, especially CO, occurs immediately
after residues are added to the soil as organic materials begin to decompose and also depends
on microbial activities linked with soil moisture and temperature. CO2 emissions depend on
carbon mineralization of organic amendments applied in the soils (Hassan, 2013). In case of
increased soil carbon storage, the rate CO2 emission is reduced in a process known as carbon
sequestration in agriculture or terrestrial carbon sequestration where plants capture atmospheric
CO- and conservation of plant biomass in soil (Lal, 2004). The segment of crop incorporated
into the soil is converted into further steady humic substances which lead to development of
dissimilar organo-mineral complexes and microaggregates and this guard the soil carbon from
more processes of mineralization thus increasing carbon sequestration (Lal, 2016). 99% of the
total CO2 emitted comes from microbial breakdown of organic materials in the soil (Hossain et
al., 2017).

Soil amendment with organic manure like animal manure increases the buildup of
organic carbon in the soil, which in turn encourages alteration in the microbial community
structure thus increasing microbial population densities (Peacock et al., 2001; Salehi et al.,
2017). Addition of organic manure is crucial in improving soil efficiency and input use
efficiency and this safeguards the soil vigor (Bandyopadhyay et al., 2010). Animal organic
manure contain easily accessible source of carbon for microbial organisms which in turn
enhances emission of carbon dioxide (Rochette et al., 2004). Lee et al. (2007) established that
the soil carbon dioxide fluctuation throughout the growing duration of switch grass was 472 g
CO, C m for the control treatment, 488 g CO, C m™ for NHsNOs-N, and 706 g CO, C m™ for
manure-N plots. The amount of CO emitted by organic manure is influenced by the particle
size with higher CO2 emissions being obtained from organic manure with smaller fractions
after addition into soil (Fangueiro et al., 2007; Phan et al., 2012).

According to Fangueiro et al. (2008) CO2 emitted from liquid fractions and untreated
slurry was higher than that emitted by solid fractions and this could be as result of more
interactions between soil microorganisms and liquid fractions or untreated slurry than the solid
fractions. Similarly, Tejada et al. (2006) observed more cumulative CO> carbon emitted by
saline soils applied with poultry manure in association to cotton gin compost. Cured composts
(cured green waste (CGW) and cured dairy manure (CDM) produced lower carbon dioxide

than the uncured amendments (active green waste (AGW) and active dairy manure (ADM)
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which are expected to contain more volatile carbon (Reddy & Crohn, 2019). According to
Reddy and Crohn (2019) greater CO2 emissions produced by active organic amendments was
accredited to the higher decay percentage of organic matter. In an earlier study, Reddy and
Crohn (2014) reported that the active green waste and active dairy manure amendments applied
in a soil with ECe of 30.6 dS m™ produced 54% extra carbon dioxide than cured amendments.

An investigation by Ma et al. (2006) to examine the influence of sheep dung on carbon
dioxide; it was established that values of CO- produced were recorded at 3170 mg m2 h! for
urine, 1798 mg m=2 h'! for dung and 1225 mg m~2 h~! for compost which was about one and
half to three times as compared to that obtained under control treatment (813 mg m= h™), after
24 hours of their applications. However, during the 65-day period, no significant difference
was reported in cumulative carbon dioxide produced amongst urine and control plots, but
higher CO, was produced from fresh sheep dung and compost treated soil compared with
control. Higher CO2 produced from fresh sheep dung and compost treatments could be
attributed to either fresh sheep dung and compost itself (Flessa & Beese, 2000) or carbon
dioxide emitted by the soil as a result of microbial enhancement (Bol et al., 2003) or extra CO>
respiration resulting from more aboveground and underground biomass (Ma et al., 2006).
Studies on application of sheep fresh dung and compost manure have been documented to emit

up to 14 and 12% more CO>, respectively compared with the control (Ma et al., 2006).

2.4 Effect of Organic Manure on Crop Yield and Quality

Organic manure sources hold a great potential as they are locally available, they contain
various nutrient elements and their capacity to enhance soil physical appearance and crop
productivity (Sathya & Maheswari, 2017). The benefit of adding organic manure into the soil
is to improve soil physical, chemical and biological activities as well as increasing crop growth,
development and quality (Adediran et al., 2003; Akanbi & Togun, 2002; Ghosh et al., 2004;
Maharishnan et al., 2004; Manna et al., 2000; Srivastava et al., 2006). The use of organic
amendments in the soil will be inadequate to overcome soil nutrient deficiency (llupeju et al.,
2015). The combination of small quantities of chemical fertilizer with the organic materials
present on the field offers a good approach in meeting the nutrient necessities of the crops. It
reduces nutrient loss through leaching and contamination of groundwater (Manna et al., 2000).
This capitalizes on usage of reachable organic resources and reduces usage of expensive
inorganic fertilizers (Ghosh et al., 2004; Manral & Saxena, 2003). Studies have reported how
addition of compost manure or in mixture of small quantities of inorganic fertilizer have

improved plant performance and quality (Togun, 2003).
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Slow release of nutrients by organic fertilizer reduces loss of nutrient through leaching
thus improving nutrient use efficiency hence improving crop performance and this yields plants
with higher harvest and nutritional values. According to llupeju et al. (2015) crops grown with
higher amount of compost amendments registered higher yields and quality. This could be
associated with the ability of compost amendments in improving soil cation exchange capacity
(CEC) and soil fertility as they contain many active sites leading to efficient nutrient absorption
and use by the crop (llupeju et al., 2015). To protection soil health, careful usage of organic
manure and inorganic fertilizers is vital to increase crop yield and input use efficiency
(Bandyopadhyay et al., 2010). In future, use of organic manure to meet crop nutrient
requirement will be an inevitable practice to boost sustainable agriculture by safeguarding soil
health which in turn will improve crop productivity and maintains crop produce of high quality
(Adekiya et al., 2020; Maheswarappa et al., 1999). Changes in soils properties by organic
manures comprises of physical and chemical properties such as nutrient bioavailability, soil
structure, water holding capacity, cation exchange capacity, soil pH, microbial community and
activity (Agbede et al., 2008; Suge et al., 2011), moisture retention, bulk density and aeration
(Frankenberger & Abdelmagid, 1985). Application of organic matter into the soil through
application of organic amendments also influences soil pH.

Organic material amendments improve crop performance due to enhanced soil health
through nutrient release by organic materials during decomposition and mineralization. In
addition, they generally have better residual effect on successive crop as organic nutrient
sources release their nutrients slow over time (Szott & Kass, 1993). Organic material
amendments are crucial in maintaining good health soil as they provide essential nutrients,
rebuild soil organic matter content, and reestablish microbial populations (Dauda et al., 2008;
EPA, 2007; Suresh et al., 2004). Present of organic matter content in the soil can be as result
of application of plant residues, animal manure, microbial residues, and from decomposition
of applied and present organic materials (Diacono & Montemurro, 2010). Organic materials in
the soil originates from remains at several phases of decomposition (Diacono & Montemurro,
2010; Lal, 2007).

According to Prasanthrajan et al. (2011) organic manure comprises of large number of
microorganisms associated with mineralization of organic nitrogen and this can largely affect
the chemical properties of soil. According to Nahm (2005) soil characteristics such as texture,
structure and organic matter, rainfall, temperature patterns and farming practices affect the
amount of available nitrogen in the soils. Furthermore, variations in management practices in

order to achieve better crop performance influences soil temperature and soil moisture content
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which control CO. production (Allaire et al., 2012; Dhadli et al., 2015; Peng et al., 2011; Zhang
et al., 2013a). The primary environmental factors such as soil temperature and soil moisture
content influence gas emission rates, as they influence the metabolic activities of
microorganisms, organic manure gas diffusion, nutrient availability and nutrient redistribution
(Luo et al., 2013). The amount of remaining nitrogen that is accessible to crops is influenced
by the rate of added manure and how the manure was applied as well as residue characteristics.
Study by Eghball et al. (2002) working with corn recorded 40% of available nitrogen to plants
in the year of application, with residual nitrogen dropping to 15% in the second year after
application. Similarly, Nahm (2005) established that 60% of the organic nitrogen present in
poultry manure was released within 140 days after the poultry manure was applied.

Organic amendments are essential in provision of plant with required nutrients without
having negative impact on the environment (Njoroge & Manu, 1999). Study by Rankov et al.
(1979) comparing the same rate of inorganic fertilizer and organic