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ABSTRACT

An analysis of soil nematode communities can bseduli tool for assessing the quality
of soils and for the development of biological nmoring systems due to their intimate
relationship of nematodes with their surroundingviemmment. In this study, soll
sampling surveys were carried out in Chinamhora @anmal Lands in Goromonzi
District, the Botanic Gardens in Harare, and Heswole Research Station in Mazowe
District at 0 — 15 and 15 — 30 cm depth to explbee effects of the land management
systems and recommended tomato cropping sequenoesth® soil nematode
communities. Glasshouse and field experiments, iaidandomized complete block
design also were conducted in the 200/72008 an@/2009 seasons to examine the
effects of chicken manurelTagetesspp., nematicides and inorganic fertilizers on
nematode communities in soils planted to tom&wolgnum lycopersicurh.). Soil from
the treatments were extracted using Baermann atidiexeng techniques and nematodes
from each sub-sample were identified into trophicugs i.e. bacterivores, fungivores,
predators, plant-parasites and omnivores and tthemtified to genus and in the case of
Meloidogynespp. nematodes to species level. High abundancern&tode communities
was recovered between 0 — 15 cm soil depth bedausehe area of high biological
activities. Soils at Henderson station had highal Isulk density values that are not
favourable for free-living nematodes. Predators anthivores were more abundant in
soils from the Botanic Gardens. Organic amendmevdse less consistent in the
management of plant parasitic nematodes and theylsted more populations of free
living nematodes. Fenamiphos had long term negagifects on the abundances of
fungivorous and omnivorous nematodes. Soybean chksved higher reproduction
factor for free-living nematodes and most plantapdic nematodes reproduced more in
the NPK fertilizer treatment. High structural Sldamaturity Ml index values were
observed in less disturbed soils implying thatgbis are fertile and well structured. Soll
nematode communities responded to changes in #greumanagement. This implies
that nematodes and the indices derived from théysineof their community structures
have demonstrated that changes in soil managemesither beneficial or deleterious to
the soil ecology and are well suited to the rolebafindicators for soil health in
agroecosystems.
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ABBREVIATIONS

g Gram

S Second

N Nitrogen

P Phosphorus

K Potassium

Ca Calcium

Mg Magnesium

C:N Carbon-Nitrogen ratio
G Granule

°c Degree Celsius

WP Wettable Powder

EC Emulsifiable Concentrate
a.i. Active ingredient

um Micron metre

ha Hectare

km Kilometer

cm’ Cubic centimeter

ppm Parts per millions
rom Revolution per minute
H-0 Water

EDB Ethylene dibromide
USDA United States Department of Aglticre
ANOVA Analysis of Variance
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CHAPTER ONE

GENERAL INTRODUCTION

1.1  Agriculture in Zimbabwe

Zimbabwe is located in the tropics betweefi4BS and 2230'S (latitude) and Z512'E
and 38 04'E (longitude). The country is divided into fivegro-ecological or Natural
Regions (NR) (I-V) based mainly on rainfall and tgpe of farming system (Fig. 1.1).
NR | is humid with comparatively low temperatureglaan annual rainfall of more than
1000 mm per annum. It supports a specialized amdrglfied farming system with
aforestation, fruit production, plantation cropslantensive livestock production. NR Il
with sub humid conditions receives a total annaaifall of 800 — 1 000 mm confined
mainly to summer months, November to March withastgnal mid-season dry spells.
NRs Il and IV are semi-arid with annual rainfall 650 — 800 and 400 — 650 mm
respectively. NR 1l has infrequent much rains whiigh temperatures and experiences
severe mid-season dry spells. These areas areblsuitar fodder and livestock
production. Crop production is marginal. NR IV isatacterized by seasonal droughts
and occasional dry spells during the rainy seasbe. farming system supports mainly
livestock production and drought resistant cropghsas sorghum and millets. NR V has a
low erratic rainfall of less than 650 mm per annutis unreliable even for drought

resistant crops and is only good for utilizatiorcaftle or game ranching.

Agriculture plays a very important role in the ecory of Zimbabwe, providing income
for about 75 % of the population and contributingein40 % of total national exports
(Rukuni and Eicher, 1994). The agriculture commuimtZimbabwe can be divided into
two broad sectors; the small-scale subsistencetlandarge-scale commercial sectors.
The small-scale farming sector encompasses mosth®frural population which
comprises at least 70 % of the national populaf@ludhara, Anandajayasekeeram,
Kupfuma and Mazhangara (1995).
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Fig. 1.1 Map of Zimbabwe showing the five Agro-exgital zones. Source: Food and
Agriculture Organization, World Food Programra87)

The rural population is settled in NRs I, IV and whereas the majority of the
commercial farms are on productive agriculturaldlam NRs | and Il. The commercial
farming sector grows tobacco, maize, soya beanscattdn. Communal family farms
grow food for household consumption and the surgusold in the local market. Their
major crops are maize, sorghum, millet and vegetalvhainly rape, tomato and cabbage.
Vegetable tomato which is a core crop in this stisdgrown by both farming sectors,

either for food or for cash.
1.2 Economic importance of tomato

Tomato Golanum lycopersicuin) plays a key role in Zimbabwe’s horticulturabtlumstry
and is among the most important vegetables growsntgilholder farmer in Zimbabwe



(Saunyama and Knapp, 2003). It is a vital compor@ntiets, providing essential
nutrients in raw or relish recipes to the dietloé majority of people living in rural and
urban areas. It ranks either first or second td Vegetables depending on the farming
area (Dobson, Cooper, Manyangarirwa, Karuma andhbhi 2002). The fruit contains
94% water, 1% protein, 0.1% fat, 4.3% carbohydrates 25mg/100g ascorbic acid. It is
also a good source of vitamin A,,BC, potassium, 0.6% dietary fibre, calcium, iron,
thiamine, nicotinamide and magnesium (Kochhar, 1986mato has also become an
important raw material in processing industriesd dor research on fundamental

principles of growth and development in plants @adguni and Sithole, 1985).

1.3 Production and constraints

In the smallholder farming sector of Zimbabwe, ttongields have remained very low
due to poor crop management, especially pest dofReme, Mguni, and Sithole, 1985).
Though the reliable estimates do not exists in Abvie, tomato production losses in the
tropics are estimated reach as high as 50 % and lgsses of 50 to 60 % have been
reported in tomato crops in the main growing aiieasast and southern Africa (Bourne,
1999). During a survey of selected districts in Eabwe conducted in 1984/85, 89 % of
all soil samples collected were infested with rkidt nematodes, and severe damage
symptoms were identified in many cases (Saka, 1988)vever, the overall impact on
tomato production is highly variable as there atbep biotic and abiotic factors
influencing production that may result in combirleds of 100 % in low input farming
(Mwasha, 2000).

1.4 Root-knot nematode (RKN) pests and their managsent

Root-knot nematodes (RKNs) are included within geausMeloidogyne(Goldi, 1892)
(Meloidogyne= apple shaped female) and belong to a relatigehall but important
polyphagous group of highly adapted obligate pfaathogens. They are important pests
of tomato worldwide (Barker and Koenning, 1998). M parasitize many species of

higher plant (Karssen and Moens, 2006). Four nsgecies of economic importance that



have been reported in the tropics and sub-tropeMaloidogyne arenariaM. hapla M.
incognita,and M. javanica These species cause galls or root-knots omctedeplants.
Other symptoms include stunted growth, wilting, apdor fruit yield. (Fortnum,

Kasperbauer, Hunt, and Bridges, 1991).

Several control strategies, such as that of usesff plant resistance, rotation with non-
hosts, sanitation and destruction of residual comgps, nematicides, organic amendments,
use of selected fungi and other biological coriggnts have been reported to effectively
control root-knot nematodes (Fortnwehal, 1991). It should be recognized that no land
management and cultural control practices are wff2dn controlling plant parasitic

nematodes when applied alone. However, where pedcilifferent nematode control

practices are generally integrated into the crappiractices because it is the most viable

option particularly for small-scale farmers witmlted resources (Fortnuet al., 1991).

15 Impact of nematode management strategies on natode communities

Nematodes are the most abundant multi-cellularrosgas in terrestrial ecosystem and
play a major role in decomposition and nutrientliegein soil food webs (Bongers and
Bongers, 1998). Nematodes can be grouped intariajer trophic groups based on their
feeding habits. The groups include bacterivoreciviis made up of nematodes such as
cephalobids and rhabditids, fungivores which feedfungi i.e. Aphelenchusspp. and
lotonchiumspp., plant parasites includiddeloidogynespp. andPratylenchusspp. that
feed on vascular plants, predators, in the ordefdamonchida and Dorylaimida which
feed on other nematodes and omnivores, encompassigtodes sudborydorellaspp.
which feed on algae, dead and living soil orgasigivieates , Bongers, de Goede,
Freckman and Georgieva (1993). Plant-parasitic tetea are considered as primary
consumers and they affect food web resources thraligect herbivory (Ferris and
Bongers, 2006). Bacterivore and fungivore nematagtage on decomposer microbes,
bacteria and fungi, and thus significantly conttéto nutrient mineralization (Ferris and
Matute, 2003). Bacterivore nematodes also promdteosphere colonization of

beneficial bacteria (Knox, Killham, Mullins and Wdn, 2003). Predatory and omnivory



nematodes regulate the food web by preying on atéeratodes and invertebrates in the
soil (Grewal, Ehlers and Shapiro-llan, 2005).

Disturbance of soils caused by application of etges for management of RKNs results
in tremendous shifts in soil microbial communiteasd soil food-web dynamics (Neher
and Darby 2006). A previous study has shown khalbidogyne incognitavas reduced
in soils amended with different organic substratdsist the numbers of fungivorous
nematodes, which feed on many different speciefungi including saprophytic and
beneficial microbials, increased after applicatminorganic amendments (Neher, Wu,
Barbercheck and Anas, 2005). For example, essemitisdnd aqueous extracts from
leaves of neemAzadirachta indica have been studied intensively in India and shown
nematicidal properties againgteloidogyne incognitgSikora and Fernande2005) and
increased the populations of bacterivorous andiftangus nematodes in soils for up to 6
months after application (McSorley and Frederid99).

As nematodes have different life spans and differeproductive and survival capacities,
they have been used as an ecological bioindicdtepib process and quality. This has
been reflected in changes in the population of medecommunities under different
biotic and abiotic environments (Neher, 1999). drder to facilitate a significant
interpretation of the relationship between the egglof nematode communities and soil
function, Bongers (1990) developed the MaturityebadMI).The index is based on the
proportion of colonizers (r-strategists) and peesss (K-strategists) where the attributed
values represent their life history characteristidse index value ranges from a colonizer
(c-p = 1) to a persisterc{p = 5). Those with &-p = 1 arer colonizers, with short
generation times, large population fluctuations] argh fecundity. Those with@p =5
areK persisters, produce few offspring, and genergdjyear later in succession (Bongers
and Bongers, 1998). Small and lage weights correspond with taxa relatively tolerant
and sensitive to ecological disturbance respegtivel



1.6 Justification

Tomato continues to play a key agricultural rol&€imbabwe. It is grown from backyard
Gardenss of almost every homestead up to largs &wedresh fruit consumption and is
an important raw material in the processing indqudtnprovement in tomato production
will enhance agricultural productivity, alleviateyerty and facilitate food security (Page
et al, 1985).

The average yields of tomato in main productionagrbave remained far below the
crop’s potential in the smallholder sector due dw llevel of agricultural inputs, poor
management practices and incidence of pest ands#isghat attack tomatoes (Valera
and Seif, 2000). In the smallholder sector yieldl@as as 7 t/ha were reported in
Tanzania, 10 t/ha in Uganda and 12 t/ha in Zimbabaapared to yields of 100 t/ha in
Zimbabwe in the commercial sector (Valera, Seif &otir, 2003). For many years,
RKNs have been cited as a major limiting factoyisdds and quality of both tomato and
tobacco in Zimbabwe (Paget al, 1985). RKNs have a wide host range. Integrated
cropping sequence is the most viable option beearmenended particularly for small-
scale farmers with limited resources. The managénaptions that have been
recommended include prevention, crop rotation,aisgganic amendments, cultural and
physical control, nematicides, host plant resistaaod biological control strategies
(Karssen and Moens, 2006).

Management of RKN pests can influence the densigéstarget and non-target
organisms, potentially leading to a reduction ieaes richness and diversity in native
communities. This may have negative or positivdugrices in the soil food web
processes (Neheast al, 2005). Addition of organic amendments to thd somulates
populations of bacterivorous and fungivorous nemh@so Fungivorous and bacterivorous
nematodes feed on many different species of fundilzacteria, including saprophytic,
pathogenic and beneficial microbials, and that aigsr plant decomposition and nutrient
recycling (Wang, Mc Sorley and Gallaher, 2004) nBasuch a€rotalaria spp. are good

hosts ofMeloidogyne incognitan crop rotation sequence, bGt ochroleucaand C.



incana are reported to increase the populations Ratylenchulus reniformisand
Pratylenchus zeaender field conditions (Desaeger and Rao, 2008heCfindings by
Freckman and Caswell (1985) reported that the emdsgic nematodeoplolaimus
columbus decreased populations d¥l. incognita and increased populations of
Scutellonema brachyurusn cotton. Population dRotylenchuluspp. increased during

management d¥l. incognitaunder sweet potato fields.

To date, no research has been done on the RKNgoestystems management in tomato
production systems in Zimbabwe. Therefore, thislgtwas intended to test Fenamiphos
(nematicide), chicken manure and marigolds (orgamwendments) to evaluate the
management strategy good will hold promise for RKMst management while
incorporating aspects of sustainable agro-ecosysgeh as (i) the enhancement of free
living nematodes that are significantly involved soil nutrient cycling; (ii) the
suppression of RKNs; (iii) the enhancement of ratienemies of plant parasitic
nematodes, and (iv) improvement of plant healthe dverall objective of the study was
therefore, to assess the impact of nematode pesagement strategies on nematode

communities in tomato production systems in Zimbabw

1.7  Objectives and Hypotheses

The overall objective of the study was to assessnipact of nematode pest management

strategies on nematode communities in tomato ptamusystems in Zimbabwe

1.7.1 Specific Objectives

The specific objectives were:

* To characterize nematodes in natural and agro stmsg land management

systems and explore the potential of using nematodemunities as bioindicators

of soil health.



To monitor population dynamics of nematode comniesiin tomato production

before and after application of a conventional n&itge, chicken manure and a
botanical nematicide.

To determine the effect of such management stedegn their distribution and

interactions.

To assess the influence of tomato cropping seqsemicerematode communities
in subsistence agriculture.

To identify the potential of any emergent pest estp as a consequence of
deployed root-knot management strategies.

1.7.2 Hypotheses

The hypotheses tested were:

Natural and agro ecosystems land management systesudt in different
nematode species and calculations of various isdb¢ained from such data can
be used to assess the health status of the soil.

Application of chicken manure, conventional andanatal nematicides in tomato
for nematode pest management strategies affectpdpellation dynamics of
nematode communities and their distribution ingbig.

Crop rotation sequences in tomato production irsisténce agriculture influence
nematode communities thereby having serious imghicaon crops that can be
rotated with it.



CHAPTER TWO

LITERATURE REVIEW

2.1  The Tomato - Origin, importance and productionchallenges

2.1.1 Origin and growth patterns of tomato plants

The cultivated tomato plant belongs to the geSotanum which originated from the
Andes region of South America (Massiaen, 1992).r& e evidence to suggest that the
plant was first introduced into Mexico where it wagher domesticated and subjected to
intensive artificial selection — leading to the d®pment of most of the typical
characteristics of the present-day cultivated tomadrieties (Jenkins, 1948). From
Mexico, the tomato was then distributed to all pat the world. The plant is largely
considered to be autogamous implying that it i$ fetilizing. Occasionally, however,
cross fertilization facilitated by hymenopterousents such aBxomalopsis billotii can
occur (Massiaen, 1992). The implications of suchspulities are that cultivars may not
be able to maintain genetic purity in their progeHgnce seeds ‘saved’ from the crop
may show phenotypic features that significantlyedifrom those of the parents. For this

reason, ‘saved’ seeds need to be used with caotienaluated first before use.

George (1999) classified tomato plants into twaet/pased on the plant growth pattern,
namely determinate and indeterminate varieties. ddierminate (or bush type) cultivars
are now the most widely grown tomatoes worldwidd are suitable for both the fresh

market and processing. The most distinguishingifeadf tomatoes in this category is the
limited branching (Dobson, Cooper, Manyangarirwardfna and Chiimba, 2002). In

terms of biomass, indeterminate cultivars are gadlyemore productive than determinate
varieties as they tend to produce excessive bragcli may not be wise, to use the
criterion of biomass as a parameter to compareftieet of a factor (e.g. pathogen, pest,

nutrient) on tomato plants belonging to these tvstirtct groups.



2.1.2 Importance of tomato

Almost every subsistence farming family cultivaessmall vegetable garden, tomato
inclusive. Tomatoes which are produced in thesdega provide important nutrients for
a diet. According to Kochhar (1986) it is sourceee$ential component of diets; the fruit
contains 94% water, 1% protein, 0.1% fat, 4.3% a@lydrates and 25mg/100g ascorbic
acid. It is also a good source of vitamin A, B, potassium, 0.6% dietary fibre, calcium,
iron, thiamine, nicotinamide and magnesium. In otdeprevent malnutrition, it is vital
that people are encouraged to include tomato im thet and not just cultivate the crop
for sale.

2.1.3 Production challenges with particular referenceRoot-knot nematodes

Root-knot nematodes are a serious and insidiousudtgiral production constraint in
tomato. The pathology that nematodes cause is afi@rcurately attributed to factors
such as plant nutritional and/or water deficienadesexcesses, soil-inhabiting fungi,
bacteria and insects, or undesirable soil structiemility or topography (Omaet al,
2001). Across major agricultural regions and cropthe world, the annual loss caused
by plant-parasitic nematodes is 10-20%, an estirtfzé translates into hundreds of

millions of dollars (Luc, Bridge and Sikora, 2005

2.2 Behaviour and control of Root-knot nematodes (RN)

Typically, RNKs are major limiting factors of toneatproduction (Mwasha, 2000).
Species of economic importance that have beentexptw infect tomatoes in the tropics
and subtropics ar®leloidogyneincognita, M. javanica, M. arenariaandM. haplg the
latter being commonly found in temperate regionss§er, 1979). Despite their relative
importance, the biology and management of tomabt-knot nematodes have not been

fully addressed in the region.
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Typically, they reproduce and feed within plantteand induce small to large galls or
root knots. These nematodes affect crop yieldsctiyrahrough the alteration of the
morphology of the root system that results fromirthevasion and feeding on root
tissues. The most obvious symptoms of RNKs areéngatin primary and secondary roots
associated with stunted growth, wilting, and pauwitfyield (Fortnumet al, 1991). In
intensive commercial production, where sequentiabging of one susceptible crop after
another is practised, the lack of effective RNK ag@ment strategies has led to total
crop failure (Sikora and Fernandez, 2005).

2.2.1 Life cycle and behavior of RKNs (Meloidogsgpe.)

RKN nematode eggs are enclosed in gelatinous exggtsat are usually deposited on the
surface of galled roots or within the galls (Figl)2 Following embryogenesis, the first
moult occurs within the egg giving rise to the s®tstage juvenile (J2) that is
vermiform and is the only stage that is infectivVeloidogynespp. are obligate parasites,
and the J2 must find a host root to survive. Failh@awroot invasion, the juveniles migrate
intercellularly through the aerenchymatous tissoiethe cortex and establish a feeding
site of specialized, giant cells and galls in tlsoular system formed by the plant in
response to secretion from the nematode (Bridgge Rad Jordan, 1982). They undergo
several morphological changes and moult into thtedye juveniles (J3) and to the fourth-
stage juveniles (J4) which, moult either to aduétles or females. Manileloidogyne
spp., including those that are of major economipdrtance are parthenogenetic thus
males are not necessary for egg fertilization. Yé&eniform male leaves the root while
the developing female nematodes become sedentding iroot. It enlarges as it matures
and eventually become pyriform, and will start prodg eggs. The hatching of
Meloidogynespp. eggs is affected by temperature, host plants amdatuele species.
Each female may lay 30 — 50 eggs/day, it takes 2& days to complete a life cycle and
may have more than 8 generations per year 3£38arssen and Moens, 2006).

11
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Fig. 2.1 The life cycle of a root-knot nematodeu®e: (Pembroke and Gowen, 2005)

2.2.2 Effect of nematodes on plant growth and yield

Susceptible plants react to feeding by juvenilesl amdergo some morphological
changes. Giant cells or feeding sites for the kot nematode are established in
parenchyma tissue of the plant root. Plant devetns suppressed by infections that

inhibit root growth during moisture stress and étgr prevent the root system from
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extending into moist soiMeloidogynespp. infection reduces root volume and, as atresul
leads to reduction in water uptake and decrea#ieeimate of photosynthesis (Sikora and
Fernandez, 2005).

2.2.3 Management strategies to control RKN

In conventional agricultural systems, synthetidilieers, pesticides and herbicides are
important inputs and have been shown to impactiwersity and abundance of nematode
trophic groups (Yeates and Bongers, 1999). Root-kematodes have a wide host range
which makes them difficult to manage. Managemeattfces that have been described
in the literature include prevention, crop rotati@mrganic amendments, cultural and
physical control, nematicides, host plant resistaaod biological control strategies

(Karssen and Moens, 2006). Such practices are eff@etive when several of these are

employed in an integrated crop management prografforénumet al, 1991).

2.2.3.1Host Plant Resistance

Crop varieties with resistance to nematodes camdegl, where available, to control
nematode populations. Nematode resistance wasedeliyp Steiner (1925) as the ability
of plant roots to resist penetration by the pesbstHplant resistance to root-knot
nematodes was first identified in the wild speasSolanum peruvianungL.) Mill.
(Ellis, 1943) and was later transferred i@olanum lycopersicurfL.). Some vegetable
varieties are available which have natural restsan root-knot nematodes e.g. tomato,
pepper, sweet potato and bean (Sikora and Ferna20€5). All currently available
cultivars with root-knot nematode resistance amgved from these sources (Karssen and
Moens, 2006).

Resistance is generally thought to be conferred bygle dominant gene designaléi
(Mi representingM. incognitg (Roberts, 1982). This gene confers resistancéhén
heterozygous state, to the three most widespreadiesp of root-knot nematodeb!.

incognita M. javanicaandM. arenaria (Triantaphyllou, 1981). However, the resistance

13



conferred byMi is broken down under high soil temperatures (zzdaris and Gowen,
1995). It was reported by Sikora and Fernan@e95) that, although population densities
of Meloidogyne javanica were reduced to low levels during the croppingssa
following either use of non-host or a resistant aboncultivar, nematode population

density rose to high levels at the end of the@ras

In Zimbabwe, one resistant variety, Piersol, waailallle commercially until the late
1980s. However, this variety is no longer on thekaia because it was not favoured by
local seed companies. Currently, commercially add tomato varieties in Zimbabwe
are Moneymaker, Heinz 1370, Floradade, Rodade amiaR/F and there are no reports
concerning resistance in any of the varieties w-kmot nematodes. Previous studies
with resistant tomato and pepper cultivars showeat tost resistance alone is not
adequate in managing nematodes. Integrating cobipatind complementary tactics,
such as host resistance/ tolerance and nematigties)d minimize potential problems
associated with the appearance of nematode biotyyesattack resistant cultivars and
negative effects on the environment if nematicidessnot judiciously used. (Luc, Bridge
and Sikora, 2005). Resistance can, however, bd irs@n integrated management

strategy including chemical and non-chemical cdmtreasures (Noling, 1997).

2.2.3.2 Cultural control

Crop rotation

Crop rotation can be described as the sequenceop$ grown in successive years or
seasons on the same land. In a comparative studyopls grown in organic and

conventional managed fields, nematode communite® wfluenced to a greater extent
by crop species than by management systems (Nsthak, 2005). Rotating crops of

different susceptibility can be useful in the retitut of RKNs damage (Sikora, 1992).
However, the occurrence of nematode communitiesagtng polyphagous species with
wide host ranges, such as some specidéetdidogyneandPratylenchuslimits potential

use of non-host crops for the rotation.
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Crotalaria species were recommended as an intercrop to tavigtmidogynespp. in
pineapple. The intercrop produced an effective robraf the root-knot nematodes but
increased the population &fratylenchus brachyuruto levels which were at least as
harmful to the crop adleloidogynespp. (Lucet al, 2005). Rotation is difficult in
intensive cropping, especially by farmers who havshortage of land and when the
susceptible crop is the main source of food antk ¢8surrah, Niere and Bridge, 2005).
In agricultural land, crop rotation and regulalagle, both of which are associated with
lack of permanent vegetative cover, are the twarkedds of soil disturbances. Nehedr
al. (2005) indicated that abundance and diversitpaafterivores, fungivores, omnivores
and predatory nematodes are greater in less destusbil than with annual cultivation
and cropping. Other studies by Sanchez-Moreno, 8kimoa, Ferris and Jackson (2006)
found that pore space distribution in soil due tanagement systems affects nematode
composition. They frequently observed that distdrgeils have a higher bulk density

and that nematode abundance is reduced as a censequ

Organic amendments

This is a cultural practice that involves the aidditof organic matter to the soil in the
form of green manure cover crops and decomposepadrally decomposed animal
wastes such as poultry or beef manure. Organic aments have been shown to reduce
soil bulk density and increase soil nitrogen andoca supply (Bulluck 1, Brosius,
Evanylo and Ristaino, 2002a) Although various orgaamendments can have
differential effects on soil properties and nematecdmmunities (Nahar, Grewal, Miller,
Stinner, Stinner, Kleinhenz, Wszelaki and Doohd&@6), all tend to increase availability
of nutrients, such as nitrogen, microbial biomassg abundance of bacterivore and
fungivore nematodes (Ferris, Venette and Lau, J1986&1ending soil with various
sources of organic matter suchTagjetespecies, neem leaves and seed dakatalaria
species andlucura species can offer an effective means of nematwgagement and
soil fertility improvement (Viaene, Coyne and Ker@006). Animal manure, bone meal
and chitin have also been observed to reduce nématests. The activities of chicken

manure, like chitin, depends on the release and-oipi of nematoxic levels of ammonia
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(Viaeneet al, 2006) and reduce the population of plant-pticasematodes (Bohlen and

Edwards, 1994).

Sudan grass releases cyanogenic compounds thakeceffiective against plant-parasitic
nematodes and have been associated with reducethpops ofPratylenchus penetrans

on bean (Viaene and Abawi, 1998). Recently, chiagkamure was identified to suppress

M. incognitaon cotton andP. penetran®n bean (Abawi and Widmer, 2000).

Addition of manure to soil is reported to increasembers of bacterivorous and
fungivorous nematodes and decrease numbers ofdaasitic nematodes (Bohlen and
Edwards, 1994). A study by Yeates, Bardgett, Cétdhbs, Bowling and Potter (1997)
reported the relative abundance of Tylencholaimidaephalobidae and Rhabditidae in
organically compared to conventionally managed ssoMumbers of free-feeding
nematodes play an important role in nitrogen milieggon (Ingham, Trofymow, Ingham
and Coleman, 198%nd may increase suppression of plant diseaseddgcasufficient
nitrogen to the decomposing microorganisms and #iscelease for plant use (Agu,
2008). Although the use of organic amendments ingsosoil structure and water-
holding capacity, limits weed growth, increasesrotial biomass and hence enlarges the
food base for free-living nematodes and reducesities of plant parasitic nematodes, it

is often limited by unavailability or inadequencylarge quantities are needed.

2.2.3.3 Biological control

Biological control refers to the use of one livingganism to control another, the latter
being a pest (Kerry and Hominick, 2001). The prospéor controlling an economically
important nematode by biological means and thecBete of appropriate potential
organisms are influenced by the population of thetl agent (Atkinson and Kerry,
1988). According to their mode of parasitism, nesdas can be distinguished as
sedentary or migratory, endo- or ecto-parasitesplaints. To control migratory
nematodes, parasitic natural enemies must develdipesave spores, a trapping
mechanism to immobilize the active host and enatfkrtion to take place. Kerry and

Hominick (2001) observed that sedentary nematoesxposed to parasitism by a range
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of relatively unspecialized bacteria and fungi. Sidferent taxonomic groups of
organisms i.e. bacteria, fungi, nematodes, insects and mites &mskcellaneous

invertebrates can act as biological agents agaiasit-parasitic nematodes (Kerry and
Hominick, 2001).

The nematophagous fungudochonia chlamydosporia (formally Verticillium
chlamydosporiumis a facultative parasite of root-knot nematoded in microplot trials
has provided significant control of populationshéloidogynespp. (Bourne and Kerry,
1999). This nematophagous fungus secreted an radkadrotease which hydrolysed
proteins in situ from the outer layer of the egglsbf the nematode. The mean number
of colony forming units (CFU) oP. chlamydosporidor control of root-knot nematodes
was greater in soils that are well aerated thasehath poor aeration (Kerry, Kirkwood,
De Leij, Barbar, Leijdens and Brookes, 1993).

Pasteuria penetrangThorne) Mankau is a prokaryotic, endoparasite andobligate
parasite of many species of plant-parasitic nenestddeloidogynespp. are the most
commonly reported hosts &. penetranspossibly because it is relatively easy to detect
infection in mature female nematodes in root systefifhe taxonomic status of the
Pasteriaspecies infecting other plant parasitic nemataslssill uncertain. Moreover, the
females of Meloidogyne spp. Infected withP. penetransproduce few or no eggs

compared to uninfected females (Gowerersonal communication, 2006).

Mononchids, dorylaimids and diplogastrids are preganematodes that feed on plant
parasitic nematodes (Stirling, 1981). The problefnpeedators is that they are not
specific to plant parasitic nematodes; they alsed fen other soil nematodes (Kerry,
1987). Moreover, it is difficult to produce themlarge numbers and to apply them to the
soil (Viaeneet al, 2006).Mononchoides fortidens predatothat belongs to the order

Diplogastrida feeds on nematodes and bacteria stgkemerally found abundantly in

! Gowen, S. R. is a retired Principal Researcto®el School of Agriculture, Policy and Development
The University of Reading, UK.
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decomposing organic manur®l. fortidens has been found to be effective in the
management of RKNs in the soil (Bilgrami, Ahmed dadajpuri, 1989b).

Paecilomyces lilacinus a naturally occurring fungus found in many kidsoils that is
capable of parasitizing nematode eggs, juveniled #males, and reducing soil
populations of plant parasitic nematodes. It west filiscovered in soil and observed to
control root-knot nematodes on potato in Peru [dataltenbach and Bocangel, 1979).
Subsequent tests on potted plants and field pbote Bhown the fungus to control a range
of nematode species on a number of crops worldwiglesffectiveness was comparable
to several chemical nematicides tested (Khan, 19W#)ile showing promise, their
commercialization in South Africa has in the pasér certainly lack of appreciation by
farming communities at large of the economic sigaiice of nematode infestatiorhe
South African company, Biologic&ontrol Products (BCP) now has registration forubke of
this biological agent sold under the brand namPl&$, for the control of nematodes in

bananas, papinos, tomatoes, tobacco and citrush(iveg 2000).

2.2.3.4 Chemical control

Plant parasitic nematode problems commonly haven beanaged by chemical soill
treatments. Nematicides have been used against paasitic nematodes with good
results since the 1950s and are a suitable alteerfat controlling pathogenic nematodes
in order to grow a high yielding, good quality crdpney are effective and can give good
economic returns on higher-valued crops. They @al&ssified into two categories: soil
fumigants and non-fumigants. Although the practiemerally improves crop yields, it
rarely reduces nematode population densities foertiman 2 — 3 months, and sometimes
resulting in post harvest population densities tgrethan pre-plant densities (Van and
Stanghellini, 2001).

The fumigants are rated to be approximately 50 -9®86ffective in reducing nematode
populations. Total yield of tobacco in fields furaigd with ethylene dibromide were
higher than unfumigated fields, and RKN activityfimigated fields were significantly

low (TIMB Progress Report, 2006). Non-fumigants magt kill nematodes at
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recommended rates but they give the crop a “heatl’,stlelaying nematode penetration
at early sensitive stages of plant growth. Nemdeigi therefore need repeated
applications, making them less attractive econoltyig®ikora and Fernandez, 2005).
They have been used extensively for root-knot nedsftcontrol in the production of

many fruit, vegetable and nursery crops (Nolingd7)9

Chemical contaminants dissolved in soil water etitemematodes body directly through
the cuticle, which is the most important route fexposing nematodes to toxins.
Predatory mononchids show different sensitivity emdifferent conditions, exhibiting
high sensitivity to some heavy metals (Parmeleentgés, Phillips, Simini and Checkali,
1993), but are tolerant to other metals (Yeatesl, 1997). They show early successional
recolonization following fumigation with methyl brode (Yeates, Bamforth, Ross, Tate
and Sparling, 1994). Pesticides may remove somentiutll species of the soil biota,
thus permitting the remaining species to multipigovously. It is possible that they are
able to exploit the niche after the removal of ottaxa following deployment of certain

management strategies.

In Zimbabwe, the majority of small-scale farmere nen-fumigant nematicides, such as
aldicarb (Temik® 5 G), carbofuran (Furadan 10® &) &enamiphos (Fenamiphos® 10
G, 40 EC or 400 EC). These are often not as eWfecs fumigants in increasing yields
because they do not have broad-spectrum activity ianmost cases only inactivate
nematodes for short periods (Sikora and Fernandé®5). However, many non-
fumigants are often less phytotoxic than fumigaats] are able to be applied at planting
time and have great residual effect in the soil fematode management (Let al,
2005).

Although effective nematicides are available toto@nmmematodes, a number of factors
such as high cost of the chemicals, environmemtatern, the need for proper handling
of the chemical and toxicity of the product, meaattthe chemical is not normally
recommended as the preferred method for smallhdlaeners (Lamberti, Molinari,

Moens and Brown, 2000). As suggested by Hassarsh@hRasheed and Tak (2009),
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nematicides may be effective in the managementaoit parasitic nematodes as a part of
an integrated management system, which incorpo@ttes control measures that are

suited for subsistence and smallholder farming.

2.3 Impact of pest management strategies on nema®dommunities

Nematodes are widely distributed in soil and tll@mmunities are made up of diverse
species that, according to their feeding habitg, lma classified into five major groups:
plant parasites, bacterial and fungal feeders, gtoesl and omnivores (Nehet al,
2005). The role of nematodes in a soil ecosystenmes recycle nutrients by feeding on
plant tissue and microorganisms and liberating naisefor easy absorption by plant
roots Sanchez-Moreno, Minoshima, Ferris and Jack®006) and control of plant pests
and pathogensGrewal, Ehlers, and Shapiro-1laB005). Due to different nematodes
having different life spans and different reprodetand survival capacities, the
nematode community has been used as an ecologicahdicator to reflect
environmental changes (Nehet al, 2005). The abundance of each species in the
community can be transformed into ecological indexamd parameters to measure
community changes in diversity and trophic struetuand to assess soil disturbance

levels and decomposition pathways (Ferris and Ma2Q03).

Application of any practice in a nematode managerpengramme is regarded as soil
disturbance on biological populations because miffe microbial species, nematodes
included, respond differently to a number of enwmental stressors. Soil factors
influencing the population of nematode communitieslude nutritional enrichment,

carbon conservation and physical changes to tHessoicture caused by agricultural
operations (Neilsen and Winding, 2002). Nutrientigred soils show a reduced
biodiversity. Under such conditions, the populasiah short-lived -strategists (bacterial

feeding Rhabditidae and Diplogastridae) increadative to other nematode groups
(Ferris and Matute, 2003). Neher (1999) reported &dditions of organic amendments

to soil increases number of bacterivorous and ftorgus nematodes and decreases the
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number of plant parasitic nematodes. Ingham, Trofymingham and Coleman (1985)
reported that increasing trophic diversity of th@l siematode assemblage increases

nutrient turn over and plant growth.

In agro-ecosystems, tillage is the major disturlkarto the soil and causes the
redistribution of plant residue and soil organicttera subsequently changing microbial
structure and nematode community structure (Ettanth Bongers, 1993). Because of
their individual affinities for particular ecologit niches, nematodes species in their

environment can be highly specific (Boag and Ye&£664).

2.4 Spatial distribution of nematode communities

The assemblage of plant and soil nematode spec@sring in a natural or a managed
ecosystem constitutes the nematode communitiesdiShé@ution of nematodes in soil is
imperative that there is information on horizorgad vertical distributions for population
dynamics of these organisms to be fully understdddime surveys demonstrated that the
distribution of certain nematode species strongigrespond to that of soil type (Blair,
Stirling and Whittle, 1999). This was the case wihtylenchus dipsaciin the
Netherlands. In contrast, spatial variability ofyfdparasitic nematode distribution was
recorded at a field scale with the same soil type the same plants (Cadet, Masse and
Thioulouse, 2005). The reason for the non-uniforistriédbution of nematodes in soils
greatly depends on a number of biotic and abiatatdrs but they may vary considerably

depending on the nematode species (Boag and Ye2a@4).

2.4.1 Vertical distribution of nematodes

The vertical distribution of nematodes has beerdisth in a number of habitats.
Phytophagous nematodes are obligate parasitehamdlistribution is necessarily linked
with the distribution of the host plants, partialydor species, which do not have a broad
host spectrum (Cadet, Masse and Thioulouse, 2008hntrast, Boag and Yeates (2004)
found that the distribution of plant-parasitic neoses belonging to the genus
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Trichodorus was not correlated with vertical depth distributioh tree roots and
concluded that there were significant differencetwieen species. For example,
Trichodorus velatusvas more abundant between 0 and 29 cmTlampdimitivuswas more
numerous between 30 and 49 cm, while in a raspiptantationPratylenchus penetrans
were not correlated with root distribution (Ford2e Young and Vrain, 1998). Other
factors affecting the vertical distribution of neto@es in soil are competition between
species (Boag and Alphey, 1988), tillage regime mathatode migration (Boag and
Yeates, 2004). Sohlenius and Sandor (1987) sugbdstethe differences they observed
in distribution of nematodes in arable soils wdrattat greater depths the nematodes
suffered from shortage of food while nematodes ribar surface suffered greater

predation pressure and dehydration.

2.4.2 Horizontal distribution of nematodes

The horizontal distribution of nematodes has rezgigonsiderable attention since it is of
ecological significance and may be species spe@tag and Yeates 2004). In addition
to its economical importance in determining sangpfanocedures, it is used for detecting
and estimating the size of plant-parasitic popateti(Been and Schomaker, 1996). For
some nematodes, distribution is determined by th@mce of the roots from the plant
(Zhang and Schmitt, 1995), while other factors sagltultivation affect the distribution
of nematodes when the roots of crops are more mumijodistributed. From different
geographical areas and crops (Pen-Mouratov, Rakdimband Steinberger, 2003)
observed that plant parasitic nematodes activigasls to be synchronized with that of
roots e.g. egg production dfiphinemaandLongidorusspp. was usually greatest when
root growth occurred. However, while originally natmde distribution in the soil was
considered to be random (Cotton, 1979), it is nammonly understood that the
distribution of soil nematodes is usually aggredased not randomly or uniformly
distributed due to the relative proportion of totalganic matter which reflects the
biological decomposition and exploitation (Tita, db@siers, Vincx, Gagné and Locat,
2000).
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25 Influence of abiotic and biotic factors on nem@ade communities

The activities of soil-inhabiting nematodes arduehced to some degree by each of the

many biotic and abiotic factors in their complexieonment.
2.5.1 Temperature

Temperature is particularly important, affecting wvament, rate of growth and
reproduction, sex determination, relative abundarfdeod, and expression of nematode
damage to plants (Khanzadaal, 2008). Study by Hassaat al (2009) on the seasonal
population dynamics ofylenchulus semipenetraims citrus orchard observed that, the
population ofT. semipenetransicreased with the optimum temperature ranges dew
23 — 30°C and low rainfall. The trend of the population desed at temperatures as low
as 5°C. Plant parasitic families seemed to be partitylsensitive to low temperature.
However, the apparent temperature sensitivity maymainly influenced with indirect

effects, e.g. resource availability (Dabire and &k, 2004).
2.5.2 Soil moisture

Bakonyi and Nagy (2000) showed that, although teatpee was more important for the
structure of the soil nematode communities, moestuad a predominant effect on their
abundance. The dry fallow conditions following hestvof a summer crop, bacterivore
and fungivore nematodes decline in abundance dielkoof soil moisture and, perhaps,
food. The decline was more evident in bacterivahes fungivores Ferris, Venette and
Scow, 2004). On the other hand, Porazinska, Dyngm®orley and Graham (1999)
reported significant effects of irrigation and fization on only a limited number of

nematode genera. As stated by Todd, Blair and kéili(1999), nematodes developing
under different soil moisture conditions, displayfedential responses to altered soil

water conditions.

23



2.5.3 Soil texture

The importance of soil texture and other edaphaperties on biological properties has
been demonstrated in several studies. Franzlugbdarey, Hons and Zuberer (1996)
found increasing soil microbial activity in coarsextured soils. This finding is in
agreement with the general recognition that orgamtter decomposes more rapidly in
sandy soils than in fine textured soils (Hassinlg94). However, Avendafo,
Schabenberger, Pierce and Melakeberhan (2004) foword rapid turnover of organic
matter in clay-amended soils when the soils wergséeld for soil water potential.
Robertson and Freckman (1995) found that sand iétndese positively correlated with
bacterial and fungal-feeding nematode density, gt with abundance of
omnivore/predators or plant parasites. However, 8Rsster, Wiles and Westra (2002)
concluded that the effects of physical and chenpecaperties on biological populations
were not consistent from field to field but with@ertain ranges, the variation in these

properties can affect biological variation.

2.5.4 Soil pH

Nematode numbers have been reported to increagsponse to manipulation of pH by
liming, but in some other studies, the numbers haeained unchanged after liming
(Mika, 2004). Higher population of fungivore andver populations of plant parasitic
nematodes were in chemical fertilizer-treated thancompost-treated plots. These
revealed that fungivores are more resistant to esidronment that has been created by

the mineralization of chemical fertilizer in thellg¢&Yingchun and Cheng, 2007).

2.5.5 Predation

Soil microorganisms may influence local nematodamuainity structure and diversity by
limiting overall nematode abundance and competipressure. Nematode abundance is

significantly lowered by predators such as fungu®man, Hoenderboom, van der Maas

and de Ruiter (1993) and numerous other soil osgasi(Yeates and Wardle, 1996).
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Although many nematode predators are generallgtg, primary victims may be among
the dominant nematodes species because predati@snimasoil are largely dependent on
chance encounters (Yeates and Wardle, 1996). SiyilBilgrami (1993) found that

several bacterial feeding species greatly suffdrech predation ofAporcelaimellus

nivalis, except Rhabditis species, which evaded predation by rapid unduyator
movements. However, assuming that every nematodeiespis susceptible to some
predators, and given that in soils many differentedators species operate
simultaneously, it is likely that predation ofteeduces overall crowding and generally

enhances local nematode diversity (Ettema, 1998).

2.6 Indices of nematode communities

2.6.1 Community structural indices

The development of the maturity index (MI) basedtoa colonizer-persister (c-p) values
of nematodes has helped in interpreting the vabfi®sological and trophic status to infer
the disturbance level of different habitats (Boisg&890). The index is based on the
proportion of colonizers (r-strategists) and peesss (K-strategists) where the attributed
values represent their life history characteristidse index value ranges from a colonizer
(c-p = 1) to a persisterc{p = 5). Those with &-p = 1 arer colonizers, with short
generation times, large population fluctuationsj aigh fecundity. Those with@p=5
areK persisters, produce few offspring, and genergdjyear later in succession (Bongers
and Bongers, 1998). Small and lagp weights correspond with taxa relatively tolerant

and sensitive to ecological disturbance respegtivel

It is routinely used as an ecological measure $gesasing the status of soil food webs in
terrestrial habitats (Nehest al, 2005). Plant parasitic index (PPI), which measur

holding capacity of host plant to nematodes, isegaly considered to be higher in the
nutrient enriched conditions because it is affedigdhe host conditions (Bongers, van
der Meulen and Korthals, 1997). PPl is calcddiased on c-p value of plant-parasitic

nematodes. The Shannon-Weiner Indi&x assess diversity (species richness and
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evenness), ratio of bacterivore to fungivore neuhedp and trophic diversity have been

used for the assessment the relative stabilith@habitats (Freckman and Ettema, 1993).

2.6.2 Food web indices

In an attempt to improve the indicator capabilittdsiematodes, Ferris, Bongers and de
Geode (2001) assigned weights to indicator nemagodds representing basal, enriched
and structured conditions of the food web. Thiscemt leads to the development of food
web indices including enrichment index (El), baesdex (Bl) and structure index (Sl). El
is based on the expected responsiveness of thertoptic guilds (bacterivore
nematodes with c-p 1 to organic resources enrichneerd Bl is an indicator of the
prevalence of the general opportunistic nematodasare tolerant to soil perturbation.
Therefore, El describes whether the soil envirortmemutrient enriched (high EI) or
depleted (low El). The Sl represents an aggregaifdanctional guilds with c-p values
ranging from 3 — 5 and describes whether the smbygstem is structured with greater
trophic links (high SI) or degraded (low Sl) witkmier trophic links. A nematode channel
ratio (NCR) provides information about the deconifp@ms channels, a high NCR (> 50
%) indicates bacterial fungal decomposition chamnghereas low NCR (< 50 %)
suggests bacterial decomposition channels. Plotbhd=l and Sl provide a model
framework of nematode faunal analysis as an indiaaftthe likely conditions of the soil
food web (Fig. 2. 2). Use of these indices haverigex critical information about below
ground processes in distinct agroecosystems (Fanis Matute, 2003; Nehest al,
2005).
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Fig. 2.2 Frame work of nematode faunal analysasrasdicator of the soil food web
Conditions. Source: Ferriet al. (2001)

Functional guilds of soil nematodes characterizetebding habit (trophic group) and by life
history characteristics expressed along a coloieesister (cp) scale (cp scale proposed by
Bongers and Bongers, 1998). Baacterivores), FUfungivores), Ca(carnivores), Om

(omnivores) (where value of x = 1-5 on the cp Scadpresents various functional guilds.
Indicator guilds of soil food web condition (bhsructured, enriched) are designated and

weightings of the guilds along the structure andchment trajectories are provided, for
determination of the enrichment index (El).
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CHAPTER THREE

GENERAL MATERIALS AND METHODS

3.1 Survey sites and experimental work

Soil sampling surveys were conducted between 266872808 at the following four sites:
0] National Botanic Gardens in Harare (a natural extesy) and Henderson
Research Station (a typical agro-ecosystem) thimiceted 36 km North-East

of Harare in Mazowe Valley. The survey was aimediantifying the effect

of contrasting human interventions between the tsies as well as
environment on nematode species composition, widefd as a bioindicator

for monitoring the status of soils.

(i) Chinamhora communal lands in Goromonzi districte tmajor tomato

producing region in the country

(i)  Kutsaga Research Station (a tobacco researchrgt&tienable use of tobacco

as a model crop receiving intensive inputs, inclgdoil fumigants.

To obtain a historical use of each location wheod samples were collected, a

guestionnaire (Appendix 4.1) was administered ah éacation.

(iv) Glasshouse and field experiments were cardet in the period between
February 2007/2008 and August 2008/2009 at PlaosteBiion Research Institute
(PPRI) in Harare. The objectives were: (i) To monipopulation dynamics of
nematode communities in tomato production before after application of a
conventional nematicide, chicken manure and a bmhmematicide and to
identify the effect of such management strategresheir distribution in the soill

and to identify any interactions among factors.
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3.2 Nematode extraction and assay
3.2.1 Baermann funnel technique

Five soil sub hyphenate samples were thoroughlyechikefore taking a 100 ém
subsample per sample for nematode extraction (Hopfamann and Subbotin, 2005).
Nematodes were collected from trays at 24-hournmate for 3 days. The nematode
suspension was then passed through a 38 um apsieueand nematodes on the sieve

back washed into vials and collected in universdilés for nematode assay.
3.2.2 The wet-sieving technique

Two hundred cubic centimeters (200 rof soil for extraction was added to 500 ml of
water and stirred by hand to bring the nematodé&s smspension. The mixture was
allowed to settle for 30 — 60 seconds and decamdetwy a series of 710, 250 and 38 pm
aperture sieves into plastic containers. This meaceas repeated 2 — 3 times to increase
nematode recovery from the soil samples. The sigvimere collected into centrifuge
tubes with 32 cm rotor diameter, balanced and sgu#000 rpm for 5 minutes. The
supernatant was poured off and replaced by sudati®o (specific gravity 3.7). The
tubes were balanced and spun for 30 seconds. Tgerrmaiant was poured through a
sieve of 38 um aperture before collecting the ressdon the sieve into a universal bottle

for nematode assays.

3.3 Killing and fixing nematodes

Nematodes were concentrated intoa small volumevater (30 ml) in a test tube.
Triethanolamine, formaldehyde (TAF) and distilledater; normal strength =
triethanolamine (2 ml) + 40 % formaldehyde (7 mijlistilled water (91 ml) was heated
to 99°C and an equal volume quickly added to the nemasadpension. This killed and

fixed the nematodes in one process.
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34 Nematode identification and enumeration

Nematodes from each sub hyphenate sample wereetbuntler a dissecting microscope
at low magnification (x 40) and then 100 nematofilemn each sub hyphenate sample
were identified to genus ardeloidogynespp. nematodes to species. Stylet length and
robustness were used for male identification. Thveniles were identified by comparing
tails and hyaline portions length. Nematodes wéréated to one of five trophic groups
(Appendix 3.1 to 3.5). These are (i) bacterivordsc involves species mainly feeding
on bacteria and which includes nematodes such pkal@bids and rhabditids; (ii)
fungivores which feed on fungi i.&phelenchuspp. andotonchiumspp.; (iii) predators,
mainly in the orders Mononchida and Dorylaimida avidch feed on other nematodes;
(iv) plant-parasites, including/eloidogynespp. andPratylenchusspp. that feed on
vascular plants and (v) omnivores, encompassingataias suclDorydorella spp.
which feed on algae, dead and living soil orgasisfianget al, 2004) and assigned to
colonizer-persister (c-p) values as described byn{rs, 1990). Abundance of

nematodes was expressed as number of individuatkpecnt of soil.
3.5 Calculation of community and food web indices

The maturity index (MI) for free-living nematodesll(nematodes except plant parasitic
nematodes) was calculated using the formula (B@ad€90):
MI = (Zvifi) /n,
Where:
vi is the c-p value for the nematode geriera

fi is the frequency of nematode genkera

nis the total number of individual nematodes ofdgkaerd in the sample.
The plant parasitic index (PPI) was calculated icrg1g only plant parasitic nematodes
(Bongers, 1990) as:
PPI = gvifi) /n
Where:

vi is the c-p value for the plant-parasitic nematagiasera

fi is the frequency of plant-parasitic nematodes gener
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nis the total number of individual nematodes ofdkeera in the sample.

The Shannon diversityH(), was calculated for nematode diversity, usingfttewing
formulae (Pielou, 1977):

Shannon-Weiner Index K - XPi (In Pi),
Where:

Pi is the proportion of genefan the nematode community.
Enrichment (EI) and structure indices (Sl) werecgkdted according td-erris et al
(2001), with basal componenty) ©f the food web (fungal and bacterial feederthanc-p
2 guild) calculated as:
b= Zkbnb
Where:
kbis the weighted constant for the guild
nis the number of nematodes in that guild.
Enrichment ¢) and structuresf components were similarly calculated, using newahat
guilds indicative of enrichment (bacterivores ip &, and fungivores of c-p 2), and
guilds supporting structure (bacterivores in c-p, 3ungivores c-p 3-5, omnivores of c-p
3-5, and predatory nematodes of c-p =2-5).
Finally the calculations are El was calculated as:
El = 100 xe/(e+ b),
Blas 100 x b/(b + e + s)
and the Sl as 100{(s+ b).

Where:

b = (ba + Fw) x W,

e=(Ba+ W)+ (Fib+W,)

s = (Ba X W+ Fu, X W, + Pr, x W,)

Ba, = bacteria feeding nematodes (guild 1)
Ba - bacteria feeding nematodes (guild 2)
Fu, = fungal feeding nematodes (guild 2)
Pr = predatory nematodes

W = weighting assigned to nematodes in each funatiguild
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The nematode channel ratio (NCR) channel index, (@hjich provides an index of the

nature of decomposition, was calculated as (ToB&mnjyamuddin and Ahmed, 2006):
bacterivores/(bacterivores + fungivores).

The Sl and EIl provide information about the struetand enrichment of the soil food

web, respectively and NCR provides an index of Haeterial and fungal driven

decomposition channels in the soil food web.

3.6 Data analysis

Data for community abundance was analysed usingJ¥e statistical program and
plotting was aided by a Pivot table chart from #pgead sheet. Where data were not
normaly distributed they were transformed asc#d) before carrying out ANOVA.
Where there were statistically significant diffeces among treatment means these were
separated by the Tukey-Kramer HSD test.
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CHAPTER FOUR

NEMATODE COMMUNITIES AS BIOINDICATORS FOR SOIL
HEALTH IN DIFFERENT LAND MANAGEMENT SYSTEMS

4.1 Introduction

Agricultural intensification is traditionally cortdgred as essential to increase production
of food, forage, fibre and fuel. Intense managenpeattices that include application of
pesticides and fertilizers, and frequent cultivat@ffect soil organisms, often altering
community composition of soil fauna (Crossley, Meebnd Perdue, 1992). Tillage and
cropping patterns cause profound changes in popogatof soil organisms. Soil
composition and physical properties (e.g. tempesatpH and water-holding capacity
characteristics) and microbial composition are rattewhen Botanic Gardenss are
converted to agro-ecosystems (Kladivko, 2001). @kann these soil properties may be
reflected in the distribution and diversity of soiesofauna. Organisms adapted to high
levels of physical disturbance become dominant iwitommunities, thereby reducing
richness and diversity of soil fauna (Neher andbBerheck, 1999).

In a study of tillage effects on soil organisms, rt@, Yeates, Watson and Nicholson
(1995b) reported that bacterial-feeders were at Ielgghtly stimulated by tillage in 65 %
of the studies. However, in some studies, totalatede density was reduced after the
first tillage, with bacterial feeders dominating tiled plots and herbivores more
abundant in no-till plots (Lenz and Eisenbeis, 200the maintenance of agricultural
fields under bare fallow conditions usually leadsdduced abundance of plant parasitic
nematodes (Cadet al, 2005). When cropping is abandoned and fieldsiadt to settle
into natural conditions, nematode diversity camaéase significantly (Hath 2003).

Damage from root-knot nematodédgjoidogynespp.) can substantially limit yield in the

production of many vegetables in Zimbabwe (Pagal, 1985). In the past, large scale
tomato growers relied primarily on fumigation witlethyl bromide to control the pests.
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Inputs like nematicides are of limited use by ssiesice farmers due to lack of cash
besides methyl bromide has been implicated as armapne-depleting substance (Luc
et al, 2005). Therefore, management of soil borne pestg require use of multiple

tactics. These may include non-chemical alternataugch as rotation cropping systems,

resistant crops and organic amendments (Chall€6R)2

Crop rotation is widely used and very effectivaeducing nematode multiplication and
crop damage compared to continuous -cultivation o$csptible crops (Widmer,
Mitkowski and Abawi, 2002). Nematodes with a narroest range can be controlled by
infrequently growing host crop in rotation with rbost crops such as Pangola grass
(Digitaria erianthg (Chellami, 2002). Control using crop rotationn®re difficult for
nematodes with a wide range of hosts sucMel®idogynespecies; where the choice of
non host crops may be limited and not economicédgsible; or where mixed
populations of nematodes occur (McSorley and Dick&®01). Neither bare fallow nor
growing non-host crops will eliminate root-knot regwdes from infested soil. Among
the disadvantages of leaving land fallow include libss of crop production, increased
soil erosion and increased oxidation of soil orgamnatter (Whitehead, 1998).
Continuous cropping is considered a poor produgbiactice because of the possibility
of increased soil borne pests and the expectecttieduin marketable yields (Walker,
Zhang and Martin, 2005). Some farmers in Chinamlean@munal lands rotate their
tomato crop with fallow and maize crops. The radienof this study in these cropping

sequences is to determine their effect on nemaiidegution and interaction.

Being abundant and functionally diverse, nematqueside useful indicators of soil
health conditions. They are the most abundant,icelllilar group in soils, reaching a
density of 10 million per  (Bonger and Bongers, 1998). Nematodes directlyénice
soil processes and reflect the structure and fonaf many taxa within the soil food web
(Ferriset al, 2001). Indices of community and food web streetand function based on
characteristics of nematode assemblage give aghinen the effects of environmental
stress, dominant decomposition channels, and gppressiveness to plant parasites and

pathogens (Ferris and Matute, 2003). Currentlysaentific findings are available in
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Zimbabwe on the impact of human activities in cpypduction how affects nematode

communities in different ecosystems.

The metabolic footprint concept

Nematode diversity and functional indices that haeen used by many ecologists to
assess food web and ecosystem conditions do neidpronformation on the magnitude
of ecosystem functions and services (Ferris, 20t0jhe metabolic footprint concept,
ecosystem enrichment is determined by the flow aban (C) and energy through
activities of bacteria, fungi and herbivore chasnetflecting on total biomass of
bacterivore, fungivore and herbivore nematodes rid&esand Bongers, 2009). Two
components underlying the concept are productioth @spiration components. The
production component is the life time amount of&@tiioned into nematode growth and
egg production and the respiration component assessgization in metabolic activities
(Ferris, 2010). In the present study, nematodangonities were extracted from soil
following a survey conducted in the National Bota@ardens, Harare (typical of a
natural ecosystem), Henderson Research Stationpwéagtypical of an agro ecosystem
that had been under maize monocropping for mone #tayears) and at Chinamhora
Communal Lands (an agro-ecosystem mainly underiragouis tomato cropping). This
study was designed: (i) To characterize nematadeatural and agro ecoecosystem land
management systems and explore the potential ofgusematode communities as
bioindicators to infer soil health. (i) To asse® influence of tomato cropping

sequences on nematode communities in subsistericalage.

The hypotheses tested were (i) Natural and agreysteam land management systems
result in different nematode species and calculatiof various indices obtained from
such data can be used to assess the health sfathe soil (i) Tomato cropping
sequences in subsistence agriculture influence toelacommunities thereby having

serious implication on crops that can be rotatet wi
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4.2  Specific Materials and Methods

€)) Botanic Gardens and Henderson Research Station

4.2.1 Site description

As already mentioned above, surveys were carriédnothe National Botanic Gardens
and at Henderson Research Station (Fig. 4.1(a) (Bhdespectively). The National
Botanic Gardens are mapped under deciduous mioanNemsea woodland by Wild and
Barbosa (1968). Tree species that dominated thetatgn of the reserve land includes
Brachystegia spiciformisand Julbernardia globiflora The grass cover is more
pronounced on the hill slopes, being largely coswgati of Hyperrhenia variabilis,
Themeda triandraand Tristachya nodiglumis.The Botanic Gardens is located
(17°47'55” S and 323'8” E) at an altitude of 1 200 meter above se&liémasl). The
Henderson Research Station@4 S and 3%9 E) is located about 36 km North-East of
Harare. Both sites lying in Mazowe valley receiee®tal annual rainfall of <1 000 mm
(Department of Meteorological Services — Harard)@Q0Henderson fields have been

under continuous maize production for more thamtwgears.

Fig 4.1(a): National Botanic Gardens
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Fig 4.1(b): Henderson Research station

4.2.2 Soil sampling

Fifteen (15) composite soil samples from 0 — 15 Bhd- 30 cm depth were collected in a
random pattern from the fields, each measuring aboitnactares. Five sub-samples were
mixed thoroughly to constitute a composite sampdenfwhich 500 g of soil was taken,
placed in a plastic bag, sealed and then kept ucalgr conditions. The samples were
transported to the laboratory in a cool box andestat 10°C for nematode assay and
soil physical-chemical properties determination.

4.2.3 Parameters used for community analysis

Abundance: Number of nematode specimens of thesgamunted in sample

Absolute frequency (AF): (Frequency divided by nembf samples collected) x 100.
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The production component of metabolic footprint

Nematode biomass was calculated following Andr§$9%6) formula:
W = (L * D)/(1.6 * 10)
where W is the fresh weight (1g) per individual,

L is the nematode length (um)

D is the greatest body diameter (um).
Nematodes in general have elongated cylindricaldsothpering towards both ends with
the anterior bluntly rounded and the posterior namnate. The simple shape is convenient
for the calculation of volume and biomass. Nemateoleme was calculated based on
body diameter and length:
V = (L*D?/1.7

where 1.7 is an empirically-determined constant.

The respiration component of metabolic footprint

Nematode respiration rate is proportional to bodg ®f the individual (Kleiber, 1932;
Westet al, 1997). The relation is described as:
R =cWP
where R is the respiration rate
W is fresh weight of the individual
c and b are regression parameters, such that ose ¢b 0.75 (Atkinson, 1980lekowski,
Wasilewska and Paplinsk&974).

Thus calculation for expected respiration rate #redtotal rate of C@evolution for all

nematodes in the system can be carried out.

For each nematode species, thalues of the relationship Rew”
where b =0.75, increases to a maximum atemiperature between 20 and’8and declines

at higher temperatures.

The cumulative respiration rate is calculate@Bs= NW® "

where Nis the number of individuals in each of the t takinterest (Ferris et al., 1996).
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4.2.4 Soil analysis

Soil physical and chemical analyses were carrigdrothe Soil and Chemistry Research
Institute laboratory at the Harare Agricultural Bash Centre. Available P was
determined in the soil according to Watanabe angei®!(1965) method in 0.5 M
NaHCG; soultion buffered at pH 8.5. K was determinedadiame photometer. Ca and

Mg were determined on atomic absorption spectrapheter (AAS).

(b) Chinamhora Communal Lands (an agro-ecosysteimynander continuous
tomato cropping)

A survey was carried out during February, 2008 hin@mhora Communal Lands, in
Goromonzi district in Mashonaland Provinces (latéul7.6%; longitude 31.1%, about

25 km East of Harare, at an elevation of 1637 makhe area has unimodal rainfall
pattern most of it falling between November andiApResults from a current survey
carried out in Chinamhora (SAPP, 2009) show that ¢ommunal area is a major

producer of horticultural produce for the Hararbar population.

During the survey, the sampled tomato fields regreesd different tomato cropping
sequences, which were distributed as follows:

1. Fields that were under continuous tomato pradogc(five fields): more than 3
years
2. Tomato in rotation with maize, (six fields): redhan 3 years

3. Tomato after natural fallow, (three fields): mahan 3 years

To understand the history of each field where sainples was collected during the
survey, a questionnaire (Appendix 4.1) was admenést to households to obtain the
history use of land. Preferred crop varieties thate grown in the fields by the farming
community in the survey area are tomato var. ‘Redahd an early-maturing maize
variety; SE 501.
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4.2.5 Soil sampling and Nematode management

Fourteen fields, ranging from 0.5 to 1.5 ha werm@ad to represent three different
tomato cropping sequences. In each field, a tromasd used to collect soil from five
randomly distributed spots from a depth of 0 — 3. ®andom sampling was used
because there was high homogenosity within thddiellhe five sub-samples taken from
each single field were then mixed throughly to ¢ibute a composite sample. The soll
clods in each composite sample were carefully broke with the fingers and sieved
gently through a coarse sieve to remove the debtiout damaging fragile nematodes.
Five hundred grammes (500 g) of soil were takesced in a plastic bag, sealed and then
kept under cool conditions. The samples were tramsg to the laboratory in a cool box
and stored at 18C for nematode assay. Soil samples were procestkih 24 hours
after the collection. Nematodes in the samples wee&teacted using the Baermann and
wet-sieving techniques (as described in Sectiodd &nd 3.2.2). Nematode management

was carried out (as described in Sections 3.38®@f3general materials and methods).
4.3 Results

4.3.1 Effects of land management systems and depth omatoeéen abundance and

genera frequency

The total abundance of nematodes varied signifigafi<0.05) between the land
management systems. At the 0 — 15 cm soil deptlatoeia abundance was significantly
higher at Henderson station than in the Botaniad&as and overall nematode abundance

between sites was greater at this depth than dt3he30 cm soil depth (Fig.4.2).
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Fig. 4.2 Influence of land management systems aidigpth on nematode abundance
Bars represent standard error of the mean

A total of 16 genera and 6 families were recovdreth both soil depths in the Botanic
Gardens, while from Henderson station only 11 gereerd 6 families were recovered
from O — 15 cm depth (Table 4.Hemicycliophoraspp. was not recovered from 15 — 30
cm depth in the agro-ecosystem. In the Botanid&ss, among free-living nematodes,
Rhabditidae, Tylenchusspp. and fungi dorylaims were the most prevalérd a 15 cm
depth with absolute frequencies above 93 %. Th&t keequent wasgilenchusspp. with
absolute frequency of 46 % at 0 — 15 cm depth. Ritidae,Aphelenchuspp. and fungi
dorylaims were the most frequent at Hendersonostatiith an absolute frequency of
100%. A higher absolute frequency of 100 % was esk for Helicotylenchusspp.,
Scutellonemaspp. andPratylenchusspp. across depths of the two land management
systems. The least frequent parasitic genera atiéteon station wergiphinemaspp.
with absolute frequency of 20 % at 0 — 15 cm depithough Rotylenchulusspp.,
Meloidogyne spp., Trichodorus spp. andHemicriconemoidesspp. were the least
represented genera in the Botanic Gardens. The, weswever, not detected at
Henderson station.
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Table 4.1 Community structure of soil nematod€§ dn? soil across depths at the
Botanic Gardens and Henderson station (2008)

Trophic cp? Botanic Reserve garde Henderson Research sta
group/Genus values depth (cmjy* depth (cmj*
0-15 15-30 0-15 15-30
AF (%) AF (%) AF (%) AF (%)
Bacterivores
Cephalobida 2 73 46 46 20
Rhabditida 1 100 93 100 60
Fungivores
Aphelenchoide 2 53 40 46 66
Tylenchu 2 100 100 26 26
Aphelencht 2 86 100 100 93
Filenchus 2 46 60 - -
Fungi
Dorylaimidae 3 100 100 100 100
Predators
Mononchida 4 100 100 - -
Predatory
Dorylaimidae S 100 100 100 100
Omnivore
Omnivore
Dorylaimidae 4 100 100 86 100
Herbivores
Helicotylenchu 3 100 100 100 100
Scutellonem 3 100 100 100 100
Criconemoide 3 86 93 100 100
Pratylenchu 3 100 100 100 100
Xiphinem: 5 93 100 20 26
Tylenchorhyncht 2 53 46 46 -
Rotylenchulu 3 46 73 - -
Hemicycliophor: 3 40 53 40 -
M. javanice 3 86 93 - -
M. incognitz 3 53 33 - -
Trichodoru: 4 6 80 - -
Hemicriconemoide 3 - 20 - -

AF = Absolute Frequency

#The colonizer-persister (c-p) scale values (Bonde?90) . Nematode genera least sensitive to thanae
with value of 1 and 2 and genera most sensitivdidturbance with value of 5.

% Number of composite soil samples collected frowhdand management system
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4.3.2 Nematode taxa and trophic distribution in differéartd management

systems

A total of 10 free-living nematode groups were abed in both soils in the Botanic
Gardens and at Henderson station, which composédabacterivorous families, four
genera and one family belonging to fungivorous rtens, two predatory families and
an omnivoous family (Table 4.2). In terms of traplabundance, higher abundance of
free living nematodes was recovered from 0 - 15depth in the Botanic Gardens (Fig.
4.3). Herbivores were abundant at both sites @& ldnd managementsystems.
Rotylenchuluspp.,M. javanica M. incognitg Trichodorusspp. andHemicriconemoides
spp. Helicotylenchusspp., Scutellonemaspp. were abundant in the Botanic Gardens
where asHelicotylenchus Scutellonemaand Pratylenchuswere dominant herbivorous
genera at Henderson station. Higher abundanBeatylenchusspp. was recorded at both
depths at Henderson station. Higher abundancéigifinemaspp. was recorded at the
Botanic Gardens, whereas higher abundanc€rafonemoidesspp. was recorded at
Henderson station.

(@) Botanic Gardens (b) Henderson station

Bacterivores  Fungivores

Bacterivore
9%

4% 16%

Predators
5%

Fungivores
Herbivores 20%

39%

Omnivores | g Bacterivores
2% B Fungivores

Herbivores

O Predators 73% O Predators

O Omnivores 0O Omnivores

m Herbivores B Herbivores

@ Bacterivore
B Fungivores

Omnivores
9% Predators
23%

Fig. 4.3 Trophic structure of soil nematode comriasiat O — 15 cm depth at the
Botanic Gardens and Henderson station
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Table 4.2 Abundance of nematode genera/ 100 soil acrosslepths at the Botanic
Gardens and Henderson station (2008)

Botanic Reserv Depth Henderson Researt Depth  Depth effec

Depth effec

Trophic Garden$® effect statior*® effect  across sites  across sites
group/Genus depth (cm) depth (cm)
0-15 15-30 0-15 15 -30 (0-15cm) (15 - 30 cm)
Bacterivores
Cephalobida 2.3¢ 1.17 * 1.62 3.8( * n.s *x
Rhabditida 4.2¢ 3.1¢ o 3.61 2.67 * b ok
Fungivores
Aphelenchoide 3.617 3.0¢ * 1.5¢€ 0.57 ns *x *x
Tylenchu 3.32 2.7 * 0.9t 1.64 ns *x *x
Aphelencht 3.01 2.71 ns 3.9¢ 1.5C * * *
Filenchu 1.57 1.61 ns 0 0.7¢ * *x n.s
Fungi
Dorylaimidae 4.69 4.61 ns 4.95 288 n.s. **
Predators
Mononchida 5.0¢ 5.0¢ ns 0 0.2t ne *x *
Predatory
Dorylaimidae 4.58 4.35 ns 4.07 3.99 ns *x n.s.
Omnivore
Omnivore
Dorylaimidae 4.59 4.53 ns 3.11 028 ** * **
Herbivores
Helicotylenchu 4.7¢ 4.57 ns 5.2¢ 3.3t * *x *x
Scutellonem 4.7 4.5 ns 5.71 3.1¢ * *x *x
Criconemoide 2.82 2.81 ns 3.5¢€ 4.4* * n.s *x
Pratylenchu 4.2¢ 2.82 ns 6.2¢ 4.97 * *x n.s
Xiphinem: 3.22 3.4(C ns 0.67 3.C2 * *x n.s
Tylenchorynchus 1.4 1.0z ns 0.24 5.1C * * **
Rotylenchulu 1.31 1.42 ns 0.2C 1.1¢ ns * n.s
Hemicycliophor: 0.97 1.92 ns 0.2C 0 ns n.s *x
M. javanice 2.9 2.6t ns 0 0 * *x *x
M. incognite 0.17 0.8¢ ns 0 0 * n.s n.s
Trichodoru: 1.11 2.4 * 0 0 ns *x *x
Hemicriconemoide - 2.6¢ ns 0 0 ns n.s n.s

-values are between factor effects. *:p< 0.05p<0.01; ns.:.p > 0. 05
'3 Number of composite soil samples collected froehdand management system
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4.3.3 Nematode ecological indices at different dejgind land management
systems

4.3.3.1 Community structural indices

Maturity indices (MI) were variable among land mgement systems studied (Fig. 4.4).
The MI was significantly higher in the both soilpdles in the Botanic Gardens than at
Henderson station.

(@) 0-15 cm soil depth (b) 15-30 cm soil depth
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MI = Maturity index, PPI = Plant parasitic indexH’ = Shannon diversity index,
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Fig. 4.4 Community structural indices at 0 — 15 &46d- 30 cm depth at the Botanic
Gardens and Henderson station. Bars represemastherror of the mean

The values of plant parasitic index PPl at bothtliepvere significantly higher at
Henderson station than at the Botanic Gardens.rsimadiversity H’ values were greater
at Botanic Gardens and the significance was obdeat® — 15 cm depth. The J' values
were different in the soil depths across land mamamt systems. The significantly
higher values were observed at the Botanic Gardefis- 15 cm depth and at Henderson
station at 15 — 30 cm depth. Significantly (p<0.0&her nematode channel ratio was
observed at Henderson station (Fig. 4.6)
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4.3.3.2 Food web indices

The structure SI, enrichment El and basal indicéswBre different between land
management systems (Fig. 4.5). The enrichment asdl bndices were significantly
higher at both soil depths in the Botanic GardetsHenderson station, both soil depths
recorded higher values of Sl and Bl. The Nematodan@el Ratio (NCR) was higher in

the 0 — 15 cm depth at Henderson station. Loweanegalvere observed in the Botanic

Gardens at both depths.
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El = Enrichment index, Sl = Structural indexdarBl = Basal index
Fig. 4.5 Food web indices at 0 — 15 and 15 — 3@lepth at the Botanic Gardens
and at Henderson station. Bars represent staredandof the mean
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Fig. 4.6 Nematode channel ratio at 0 — 15 and 38 em depth at the Botanic
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4.3.3.3 Soil physico-chemical properties arthatode communities

Soil bulk density measured as an indicator of sorhpaction was different between the

land management systems (Table 4.3). Higher st #hensity values were recorded at
Henderson station. Soil mineral-N (l;l_pwas higher in the Botanic Gardens than at

Henderson station whereas soil availab}®sRvas higher at Henderson station. For
exchangeable cations, more Ca and K were detentdioei reserved land. Mg did not

differ between the two land management systems.

Textural classes at Henderson station were cograéred than at the reserved land. The
resource flow into the food web and intake from fbed web by nematodes at the
Botanic Gardens and at Henderson station have pesented in a pie chart with sub
division indicating the proportion of resource (wam and energy) flow through separate
channels. Higher food web resource flow was coutetd by herbivores at the Botanic
Gardens at 0 - 15 cm depth (Fig. 4.7) and at Hsodeat 15 - 30 cm depth (Fig. 4. 8),

respectively.

Table 4.3 Soil physical and chemical propertiethatBotanic Gardens and Henderson
Research Station (2008)

Soil pH Ammonia Extract Exchangeab cations  Soil Bulk
depth (Cacl) + nitrate P(ppm) (mg 100¢) texture density
(cm) (ppm) (9 kg") (g e
K Cs Mg
BotanicGarden
0-15 4.7 20 25 0.12 2.91 0.6¢ mg< 1.42
15-3C 4.¢ 17 21 0.2% 2.5¢ 0.5¢ mgs< 1.37
Henderson Research Sta

0-15 4.t 14 58 0.0¢ 0.9¢ 0.5¢€ cgs 1.4¢
15-3C 4.7 13 49 0.0 0.7¢4 0.5¢ cgs 1.4¢

cm = centimetemng 100g' = milligram/100 gram; g k§= gram/ kilogram and
g cni®*= gram/cubic centimeter; mgS = medium grainedawil cgS = courser grained soil
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Fig 4.7: Food web — Resource Flow at 0 — 15 cmhdapthe Botanic Gardens (a) and
at Henderson station (b)
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Fig 4.8 Food web — Resource Flow at 15 — 30 cpthdat the Botanic Gardens (a) and
at Henderson station (b)

The food web resource intake charts for both lamtiagement systems (Fig. 4.9) shows
that resource intake from the food web was consumee by herbivores in the Botanic
Gardens at 0 — 15 cm depth (Fig. 9) and at Heodestation at both depths (Fig. 4.10).
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Fig 4.9 Food web — Resource Intake at 0 — 15 gothdst the Botanic Gardens (a) and at
Henderson station (b)
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Fig 4.10 Food web — Resource Intake at 15 - 30 gpthdthe (a) Botanic Gardens (a) and
Henderson station (b)
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In the the metabolic footprint (Fig. 4.11), a highatio of prey-predator was observed in

the Botanic Gardens at 0 - 15 cm depth and at Headestation at 15 - 30 cm depth (Fig

4.12). There were higher predator-prey ratio atBb&anic Gardens at 15 - 30 cm depth

and Henderson station at O - 15 cm depth, resgdgtiv
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Fig 4.11 Metabolic Footprint at 0 — 15 cm deptlhat Botanic Gardens (a) and
at Henderson station (b)
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4.4  Results for Chinamhora Communal Lands
4.4.1 Nematode abundance and trophic distribution
The abundance of nematode communities varied signily between cropping

sequences. The highest abundance was observenatotafter tomato fields and natural
fallows had lower abundance than the tomato afesrefields (Fig.4.13).

2500 2041

Nematode/100 cm 2
of soil
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& & ,z>\o$
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«06\% «0 &06\
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Fig.4.13 Effect of tomato cropping sequences onaiede abundance: Chinamhora
Communal Lands (2008)

4.4. 2 Trophic structure and genera distribution

The nematodes communities were classified as h@dsy bacterivores, fungivores,
omnivores and predators. Herbivores were the damhimathe agro ecosystem while
fungivores and predatory nematodes dominated indimato after natural fallow fields

(Fig. 4.14). The abundance of herbivorous nematadessignificantly higher in tomato
after tomato fields.
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Fig. 4.14 Trophic distribution in different tomatoopping sequences: Chinamhora
Communal Lands (2008). Bars represtmdard error of the mean

In terms of individual nematodes groups, (Tablg 4hRbws the list of different families
and genera identified in the agro ecosystem. The&e no significance difference in
abundance of bacterivorous family among the crgppystems though Rhabditidae were
more presented in each cropping sequence than [@Gbplee. Plant parasitic species
abundance was affected by cropping sequences. doafi@r maize and tomato after
natural fallow fields each had ten nematode taxaugs compared to seven taxa groups
recorded in the tomato after tomato fields. Sigaiitly (p<0.05) higher abundances of
generaHelicotylenchus Scutellonemaand Pratylenchuswere observed in tomato after
maize fields. Criconemoides spp., Xiphinema spp., Hemicycliophora spp. and
Trichodorusspp., most of them known for their proneness td@renment disturbances,
were more abundant in tomato after natural falleid§. The significant abundance of

Meloidogyne incognita and M. javanieeas recorded from tomato after tomato fields.
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Table 4.4 Influence of cropping sequences on nameagenera abundance in tomato
production: Chinamhora communal Lands (2008)

Genus/Famil Tomato (5° Fallow (6 Maize (3
Bacterivores

Cephalobida 1.2% 1.82 1.65
Rhabditida 4.21 3.17 4.4C
Fungivores

Aphelenchoide 0 0 0
Tylenchu: 1.71 2.61 1.2¢
Aphelenchu 1.57b 3.74a 3.7t
Filenchu: Oab 1.5Ca Ob
Fungi Dorylaimida 2.4¢eb 5.1fa 4.7zab
Predators

Mononchida Ob 4.2¢ 1.5¢b
Predatory

Dorylaimidae 4.46 4.33 4.80
Omnivores

Omnivore

Dorylaimidae 4.91 4.68 4.74
Herbivores

Helicotylenchu 5.6¢a 4.32b 5.57a
Scutellonem 5.3€ab 4.72b 5.7%a
Criconemoide Ob 3.9%a 0.6zb
Pratylenchu 0.7%b 1.72b 5.6¢a
Xiphineme Ob 3.5za 1.0%b
Tylenchorhyncht 0 2.3¢€ 1.27
Rotylenchulu 1.57 2.3( 0
Hemicycliophor: Ob 2.3z 0.6Jab
M. javarica 6.4za Oc 4.52b
M. incognite 5.7za Ob 2.1
Trichodoru: 0.5¢h 3.0¢a 0.67b
Hemicriconemoid 0 0.54 0

NB: Levels not connected by same letter are sigmifigalifferent
®Numbers in parentheses represent the total nunilfietds sampled for each cropping system.

4.4.3 Nematode community and food web indices

Maturity index (MI) and plant parasitic index (PRigre significantly variable among the
tomato cropping sequences (Fig. 4.15). The higkliestas recorded in the tomato after
natural fallow while the lowest was tomato aftemado fields. The PPI was highest in
tomato after natural fallow fields. The Shannon-kéeidiversity index (H) and evenness
(J) were different among cropping sequences. Thmaddnce and evenness of species

were significantly higher in tomato after fallowdalowest in tomato after tomato fields.
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Fig. 4.15 Community structure indices in differémiato cropping sequencies at
Chinamhora Communal Lands (2008). Bars reptegandard error of the
mean

Significantly higher enrichment index EI was obgehin the tomato after tomato fields
and tomato after natural fallow fields had sigrafdy higher structural Sl values (Fig.
4.16). The values of nematode channel ratio was (lmslow 50%) in both sequences

under tomato production (Fig. 4.17).

120 -
100 -
80 -
60 -
40
20 1 -

Nemotode/100cm 2 of soil

B Bl @ Tomato/Tomato

Index B Tomato/Maize

O Tomatio/Fallow

El = Enrichment index, Sl = Structural index aBti= Basal index
Fig. 4.16 Food web indices in different tomato @iog sequences: Chinamhora
Communal Lands (2008). Bars represent standeod & the mean
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45 Discussion

The findings of the study have revealed that thetiship between nematode
communities and soil properties was influencedamdlmanagement systems and depth.
The variability in nematode abundance and genemgposition observed in the current
study in the different land management systemssailddepth is an indication that land
management practices have significant impact swil ecosystems and this can be
revealed through differences in nematode commutiticture and food web functioning.
The Botanic Gardens had lower nematode abundaaoeHanderson station at O - 15 cm
depth, with the opposite trend occurring at 15 cB0depth. The nematode build up at
Henderson station may be due to continuous maiaatipy that could relate with
increased root biomass that increases biologidiites in the soil. This observation
agrees with findings by (McSorley, 1997) who repdrtnost nematodes to occur in the
upper 20 cm of the soil profile. Kimenju, KaranMutua, Rimberia and Wachira (2009)
observed the disturbance of the natural forestutjitofelling of indigenous trees,
followed by establishment of single species plaomat resulted in an increase in

nematode abundance with reduced species diversityiehness.
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The variability in nematode abundance, trophic citme composition and genera
diversity observed in the communal lands, indicafest different tomato cropping
sequences have a significant impact on nematodemomities. Higher nematode
abundance was observed in fields that were plaot@dto in consecutive seasons while
the lowest abundances were recovered in the fiefdtomato established on fields
previously under natural fallow. Some species reasitively to tillage due to enhanced
incorporation of organic matter into the soil tgates rise to bacterial feeding nematodes
if the proportion the materials are of low C:N ecatiand fungi feeding nematodes for
high lignin contents. The study by Liphardzi, Al-&tib, Bensch, Stahiman, Dille, Todd,
Rice, Horak and Head (2005) found general incre@asenematode abundance in
cultivated plots due to predominance of plant paicasematodes, fungal and bacterial
feeders. According to McSorley and Gallaher (199&l)pw has been recognized as a
means for reducing nematode population densitiesnbt much of it is practiced due
increasing land use pressure. However, at thist gpeater emphasize would have to put
on the species composition of the community in di@dar agro-ecosystem before

making firm conclusion.

Among free-living nematodes, predators and omnwodeminated in the Botanic
Gardens. This observation suggests the absencatlmfopogenic disturbance because
these groups are known to be highly sensitive ttudeation. These taxa are assumed to
play a regulating role both in the soil food weld am buffering outbreaks of soil-borne
plant diseases (Bongers and Ferris, 1999). Theirdopulations in cultivated plots are
indicating the degraded soil properties and a tfstertility. In such conditions, plant
parasitic nematodes may become a yield limitingtolasince the crop is already
weakened by inadequate growth conditions and infplittocks and Walter, 1997).

In Chinamhora, the abundance of Rhabditidae waatively higher in the fields

previously planted with tomato and maize respeltias they were stimulated by tillage.
In some cases, total nematode abundance was redfieetillage, with bacterial feeders
dominating in tilled plots. Abundance of herbivoresamples from the Botanic Gardens

suggests the presence of massive root biomassthermbundant grass and tree species
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that support phytonematodes with broad host ran@eserally, it is known that the
population of fungivores are abundant in fallowldg where there is no frequent
fertilization of soils as normally practiced in lsander conventional tomato production.
According to Wanget al (2004), fungivorous nematodes are always nedgtive
correlated with percentage organic matter in safld become prominent as substrate
with high lignin and cellulose accumulates in trabitat. This could partly explain the
lower abundances of fungivorous nematodes obsemvedthe fields managed

conventionally in this study.

In both land management systems, nematode comesimere dominated by the genera
Helicotylenchus Scutellonemaand Pratylenchusspp., Meloidogyne javanicaand M.
incognita Lesion nematode®ratylenchusspp. has been reported to be cosmopolitan in
maize production system, and the most common inrcical and tropical regions
(Desaeger and Rao, 2000). The presence of geétedieotylenchusScutellonemaand
Meloidogynein these land management systems was not unegpédigther abundance
of Criconemoidespp. was observed at Henderson station than iBdt@nic Gardens.
This observation may be due to fact some specieplaft parasitic nematodes are
potentially more responsive to the host plant tharthe soil management practices.
However, these findings were contrary to Yeates9¢)9vho reported that, most of
Criconemoidesspp. are sedentary ectoparasites that are senditivenvironment
disturbances such as plowing, and are found moper@nnial plants and wild vegetation

than disturbed environments.

Higher abundance of gendtlicotylenchusScutellonemandPratylenchusobserved in
plots planted with tomato after maize, is an intarathat these genera are major plant-
parasitic nematode on maiZeratylenchusspp. is widely spread and is well distributed
across maize growing regions in Kenya (Kimenju, @WauMwangombe, Sikora and
Schuster, 1998), and are among the most commontodesaassociated with maize in
the tropics (De Waele andcDonald 2000). The current study observations revealed
thatHelicotylenchuspp. is common in most agricultural managemertesys where soil

fertilization occurs through agricultural intensdtion or other practices underpinned to
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restore soil fertility. Abundances deloidogyne javanicandM. incognitawere higher
in fields planted with tomato for consecutive se®soThis suggests that for plant
parasitic genera with more than one generationypar, their population can increase

tremendously within short periods of time in thegence of suitable host like tomato.

The maturity index MI and structural index Sl irmle the succession stage of
communities, which in cultivated soils are normaity low values due to frequent
disturbances and considered as premature (Berks|mk@nris, Tenuta and van Bruggen,
2003). In the study, the significant high MI valuelsserved in the Botanic Gardens
suggested a highly stable ecosystem. In cases vgheression has been interrupted by
common agricultural practices, such as cultivateomd application of fertilizer and
pesticides Nehegt al (2005), the successional status of a soil comtyunay reflect the
history of disturbance. Smaller index values ardicative of a more disturbed
environment with higher abundance of colonizeroifshfe cycle, higher reproduction
potential and tolerant to environment disturbanees) larger values may indicate a less
disturbed environment (Freckman and Ettema, 1998heral opportunistic nematodes,
that are tolerant to soil perturbation prevailedrenio the Henderson station as indicated
by having relatively higher Bl values. Plant parasndex PPI values were significantly
higher at Henderson station. This implies highyiag capacity of the potential host crop
to plant feeding nematodes in that managementraystbe current study observations
contradicts the report by Neher and Campbell (19949 reported higher PPI values
occurring in soils from perennial crops or pastutes from annual crop fields. Lower
PPI values observed at the Botanic Gardens suglattthere was a suppression of
herbivore nematode populations in the system. dhi&ervation suggests that a fallow
system may be a viable option in managing abundahgaant parasitic nematodes in

agro ecosystems.

The higher maturity index MI and structural indeixv@lues in the tomato after natural
fallow fields suggest stable ecosystem associaiéid adecreased soil. Both Ml and Sl
increased with increasing contribution of predatansl omnivorous nematodes, which

are of high c-p value and prone to environmentudigtnces. The proportion of these
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trophic groups in the nematode communities is abAawer in cultivated soils (Ferret
al., 1996). The increase in Shannon-Weiner diveraity evenness indices observed in
the tomato after fallow fields was consistent wilie expectation of the study. Previous
findings by Hanél (2003) had reported the nemattiglersity to increase significantly
when cropping was abandoned and fields allowe@tiorm to natural conditions. Fallow
is characterized by reduced tillage, with increased fertility and species diversity
(Bongerset al, 1997). Equally low nematode channel ratio NCRoth tomato cropping
sequences reflects that organic matter decompositid possibly nutrients and minerals

cycling in most soils would choose fungal dominatedomposition pathways.

With regard to species diversity, the Shannon-Wedlneersity index (H) was higher in
the Botanic Gardens. Diversity has been equateftect both on taxa richness and
distribution evenness among nematode species (8haand Weiner, 1949). Higher
index values suggest the favourable habitat foryrgenera to thrive. Lower values of
nematode channel ratio NCR were recorded in bothagament systems with exception
of 0 — 15 cm soil depth at Henderson station. Bhiservation prompts one to speculate
the presence of more fungal than bacterial feedershe Botanic Gardens which
influence the food web to select fungal dominatedothposition pathway. Supporting
shift trends on decomposition of substrates amangatode trophic groups, Ruess and
Ferris (2004) observed fungal/ bacterial dominadedomposition pathway when the
soils were dominated with substrates low/ rich abile nitrogen relative to available
carbon. The higher NCR value observed in the lodepths Henderson station may
reflect the abundance of mycorrhizal fungi. ThedoWCR value in this region may be
attributed to the lower pH (4.7 — 4.5) observedMeen two systems. Alexander (1997)
found fungi more abundant at lower soil pH thanteaa, owing to the greater tolerance

of acidity of the former and reduced competitiothwather micro-organisms.

Findings in this this study on the enrichment peofof the food web has identified
different guilds contributing to the food web resmuflow at different depths. Herbivore
and predatory biomass at 0 — 15 cm depth were mséige for resource flow in the

Botanic Gardens and at Henderson station. On ther dtand, predator and herbivore
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biomasses enriched the food web at 15 — 30 cm dapthe Botanic Gardens and at
Henderson station. This observation suggests théteaderson station at 0 — 15 cm
depth, being a top layer of there was abundanaaiafobes of where predators could
prey than in the lower layers of the soils. Higbefersity of plant and grass species at 0
— 15 cm depth in the Botanic Gardens supported enigterbivore biomass which

contributed significantly to carbon and energy fiogvinto the food web.

Predator biomass contributed significantly to tbedf web enrichment at 15 — 30 cm
depth in the Botanic Gardens. The lower layersatfiral lands normally are associated
with higher abundance of bacteria and fungi popanat feeding on the decayed roots of
the vegetations. These populations support enornabusidances of bacterivore and
fungivore nematodes which contribute significartdythe food web enrichment in the
presence of predators as it was observed in thanBotGardens at 15 — 30 cm depth.
Bacterivore and fungivores were less presentedeaderson station due to diminishing
food substrate with depth. Herbivores through thetions of feeding on plant root were
likely to be dominant and active enrichment biomasdower depths at Henderson

station.

Resource intake from the food web appears to belynbg herbivores in both land
management systems, except at 0 — 15 cm depth enBtitanic Gardens where
bacterivores dominated. Most of plant parasitic ateme genera identified in this study
are of relatively low c-p values that are charaeéet with high high reproduction rates. It
is likely they consume some nutrients from the gstsn to support the faunal
respiration component of their life cycles, whiah turn influences the production
component of the food web in Henderson station. dthendance of organisms in various
functional guilds determines the magnitude of smrvio the food web (Ferris and
Bongers, 2009). Higher prey-predator biomass olesknv the Botanic Gardens at 0 — 15
cm suggests a state of metabolic footprint balawié possibility of “Top-down”
regulation of opportunistic species, as there fficsent intake resources to sustain the
predators biomass, the ecosystem would be relatstable (Ferris, 2010). Low predator

biomass as presented in the Botanic Gardens at 3% em depth and at Henderson
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station at 0 — 15 cm depth reflects the constraiitsesource inflow. The situation
indicates an environmental contamination or distnde constraint on nematodes of

higher c-p classes.

The difference in the textural classes observeddrt the management systems and
bulk density values implies that at Henderson atasioils are more compacted, with low
pore spaces. According to Edwards, Anderson, Colesna Cole (2001), the magnitude
of soil food web functions is positively relatedtivpore space and water distribution, as
these factors relate to habitable space and abdiégso food. High bulk density values
at Henderson station may have discriminated larmgnatodes, often predatory or
omnivorous nematodes, that are slower to reprodunck characterized with long life
cycle (K-strategists). This partly can explain be tlow El and Sl values observed at
Henderson statiorHelicotylenchusspp. andScutellonemaspp. were dominarih both
land management systems; this observation is partialppsrted by the report by Zoon,
Troelstra and Mass (2000) who observed positiveetation of Scutellonemapp. with
exchangeable acidity. Work of De Dye, Brody and dldin (2004) observed a strong
dominance pattern of phytoparasitic nematodes imaoalture cropping and more
diverse nematode communities in plots with higHantpdiversity.

4.6 Conclusion

The natural and agroecosystem land managementnsydtave shown to constitute
different nematode communities and fauna indicesvelé from them assisted in the
evaluation of health of the soildt is suggested that soil disturbance is the major
determinant of soil bulk density differences. Thertical distribution pattern of plant
nematodes in soil was influenced by roots distidyus more nematodes were found at
upper layers of soil. Differences in the verticastdbution of nematode genera may
reflect the suitability in the various strata oftiars such as temperature, moisture regime,

and pore- size (llieva-Makulec, 2000).
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Free-living nematodes were more prevalent in theaBio Gardens. There was a decrease
in nematode abundance in the Botanic Gardens thHeraderson station.dterivorous
and herbivorous nematodes were the dominant geBacderivorous nematodes are key
microfaunal grazers that regulate ecological preegsof decomposition and nutrient
cycling, thereby indirectly affecting primary pradion. Thus, any change in land
management that affects bacterivorous soil nematddes the potential to influence
critical ecological processes and are better bioatdrs of the rate of decomposition of
organic matter.In contrast Henderson station had significantiyher abundance of root
lesion nematodeBratylenchusspp. Migratory endoparasites lilRratylenchusspp. are
considered harmful to the host plant as they caabeleath during feeding and migration
through root tissue, and also predispose the caoot@ttack by other plant pathogens. It
can be concluded that transition from agro-ecogsydte Botanic Gardens can increase

soil microbial biomass-N and populations of benafifree-living nematodes.

Population densities of potential nematode pesth asMeloidogynespp.,Pratylenchus
spp. were less abundant in tomato after fallowiequence. However, according to
observations by McSorley and Gallaher (1994) theebefrom nematode reduction may
be outweighed by adverse effects of fertility ameld; which would probably limit wide-
spread adoption of fallowing as an agronomic pcactHowever, only three (Ml, H and
J’) indices distinguished the difference of managetmegimes. They were higher in the

Botanic Gardens than Henderson station.
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CHAPTER FIVE

THE INFLUENCE OF SOIL AMMENDMENTS AND NEMATICIDE
TREATMENTS ON DISTRIBUTION OF NEMATODES AT
DIFFERENT DEPTHS

51 Introduction

Root-knot Meloidogynespp.) nematodes cause significant losses in héitralicrops in
tropical and sub-tropical regions of east and ssuthAfrica (Mwasha, 2000). Some
tactics that have demonstrated significant impro@min nematode population
management include rotations with non host crogg, of soil organic amendments,
resistant varieties and fumigant and non fumigamhaticides (Kratochviét al, 2004).

A survey carried out in Zimbabwe (Pageal, 1985) determined RKNs as one of the
major constraints of production in subsistencecadfire, where there is no ready access
to inputs like host plant resistant cultivars aneimaticides. Although each of the
recommended practice alone improves yield of maops; each has some undesirable
features (Giller, Beare, Lavelle, 1zac and Swif?97). According to Zasada and Ferris
(2004), the application of organic amendments feducing root-knot nematode

populations has met with both successes and failure

Marigold genusTagetesspp. has the ability to control certain plant pai@sematodes.
IncorporatedTagetesspp. plant residues (Siddiqui and Alam, 1987a) @ extracts
(Topp, Miller, Bork and Welsh, 1998) are generaffective at suppressing populations
of soil endo-parasitic nematodes suchPastylenchus penetransnd Meloidogynespp.
Tagetesspp. root diffusate produces nematoxic compourms wdecomposition. The
plant species is most effective in nematode contzén used as green manure (laic
al., 2005). Siddigi and Alam (1988) reported that ig@d roots inhibited hatching of

second stage juvenile (J2) and were directly nexolati to hatched juveniles.
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Chicken manure has been shown to suppress populdédosity of RKNs (Forthum,
1995). In addition, chicken manure is a valuablarse of plant nutrients because it
contains significant quantities of N, P, K, Ca, Bligd micro plant nutrients (Sims, Velvis
and Wolf, 1994). Besides low cost, safety and inapdosoil fertility, another advantage
of including organic amendment in nematode congrdheir residual soil fertility effect,

which chemical nematicides lack (Bulluekal, 2002a).

Nematicides are used extensively as soil fumigamtsontrolling weeds, insects and soll
borne fungi (Hamill and Dickson, 2005). Applicatiohboth fumigant and non fumigant
nematicides increases the marketable yield of lgtagse grown tomatoes (Acosta,
Vicente, Abreu and Medina-Gaud, (1987). Howeveryainfall occurs shortly after
Fenamiphos application, the nematicidal effecthefthemical might be reduced because
of enhanced movement of the chemical (Johnson, ®alyBarker, 2005). Registered
fumigant and non fumigant nematicides for use atzo can be expensive and require
specialized equipment that subsistence farmersotaiford. Due to the ill-fate of these
chemicals to human beings and the environmentfuhee of these chemicals is in
guestion (Crow 2005). Cultural practice such aation is considered as an effective
management tactic for suppression Meloidogynespp. for several reasons. Many
potential rotational crops are either of relatioe lvalue compared to tobacco and reduce
nematode densities by only about 20 % over one Yiéw relatively higher survival rate
of the nematodes, and limited choice of rotatiaspsrsuggest that host resistance could
play a more important role in successful managermerdot-knot nematodes (LaMondia
and Taylor, 1987).

The vertical distribution of nematodes in soil ighly variable and may be influenced by
many biotic and abiotic factors (Liang, Xiaore, liang, Ou and Neher, 2005). Root
distribution, height of water table, soil moistutemperature, soil texture, rainfall, and
depth of subsoil greatly influence vertical distttion patterns (Sohlenius and Sandor,
1987). Wallace (1963) suggested that root distioiouis the chief factor in the vertical

distribution of plant parasitic nematodes, and tblaysical factors play an important

secondary role. Highest population densities of tnant-parasitic nematodes are
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reported to occur in the upper 45 cm of solil, lpgcsmens of some species have been
found 400 cm deep. There appears to be some divansvertical distribution patterns
among different specie$richodorusspecies are reported to inhabit soil at greatethdep

than most nematodes (Francl, 1993).

Soil nematodes are important in nutrient cyclingl aserve to regulate many soil,
chemical and biological processeRu( Ristainoand and Hu, 2005). Nematodes are
ubiquitous and have diverse feeding behaviors émdtrategies, ranging from colonizers
to persisters. Some nematodes can survive hardlotgah or disturbed environments
better than others, and some have short life cyatesrespond to environmental changes
rapidly. In general, nematodes are easy to samptk extract from the soil, their
morphology reflects feeding behavior allowing eafsypctional classification, and
nematode taxa are well classified (Bongers and Band 998; Neher, 2001). Because of
these characteristics, nematode fauna can be séibmdicators of soil health and
provide insight into soil food web conditions (Yest2010).

Sustainable agro ecosystem require cropping segseacd systems that incorporate
desirable aspects of the subsistence agricultakeadims to suppress plant pests while
enhancing agricultural productivity and activity leéneficial microflora and microfauna
(Barker and Koenning, 1998). However, there are éewalogical tools sensitive enough
to detect changes in soil management. Soil nemstade the indices derived from
analysis of their community structure are well aeditto the role of bioindicator of
ecological health. It is because they are numesmub diverse with a wide range of
trophic survival specialisms (Neher, 2001) and rthetimate relationship with their
surrounding environments (Neilson and Winding, 2082 be able to demonstrate that
changes in soil management are either beneficialeteterious to the soil ecology. In
Zimbabwe, tobacco could be used as the model deedth crop that has received intensive
inputs including soil fumigants and cultural praes for the management of root-knot
nematodes. The impact of application of a conesali nematicide, chicken manure and

a botanical nematicide to nematode communities/eler, have not been evaluated in
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tomato cropping systems in Zimbabwe. It is thisdeguacy that prompted the
investigation with the following objectives.

e To monitor population dynamics of nematode comnesitin tomato
production before and after application of a coriggral nematicide, chicken
manure and a botanical nematicide.

* To identify the effect of such management strategie their distribution in the

soil and to identify any interactions among factors

The hypotheses tested were:
» Application of chicken manure, conventional anddnital nematicides in tomato
for nematode pest management strategies affectpdpailation dynamics of

nematode communities and their distribution ingbi

5.2  Specific Materials and Methods

5.2.1 Site description: Plant Protection Research Ins&t(PPRI)

Field experiments were carried out in the periodwben February 2007/2008 and
August 2008/2009 cropping seasons at Plant Protedgiesearch Institute (PPRI) in
Harare; situated at an altitude of 1483 masl. Tdievgas categorized as medium grained
clay with the following chemical characteristic: fH,O) = 4.8, available 85 = 205
ppm, exchangeable Ca = 6.25 Mg/100g, K = 0.8 Mgj10dg = 1.65 Mg/100g. The
rainfall pattern of the area is unimodal, generafigst of it falling between November
and April.

66



Average Rainfall
160.0
1400 +{7]
= 1200 -
£ .100.0 1 —
= 800
E 60.0
T 40.0
~ 20.0
0.0 \|_|\ \=\|:|\ T \D\ — T
Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
Maximum and MinimunTemperature
35
o ¥ /"“-\-
o /\.\k\-\'\_/-
3 2
g 15 L ¢~ _—
o
E 10 ‘\‘\\‘/\ J/
= 5
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec —&— Max Temp
Month —&— Min Temp

Fig. 5.1 Average rainfall, maximum and minimum tergiure distribution for Harare
Research Centre during the 2007/2008 and 2008/26asons.

Source: Department of Meteorological Services -aHaf2009)

5.2.2 Treatments and experimental design at PPRI

Previously, the field site was planted to maize had a natural infestation of nematodes.
Black jack Bidens pilosq was the dominant weed in the study area. Thé t&s
arranged in a randomized complete block desigrieet replications. During the first
cropping season (2007/2008), three treatments westd that included; Marigold
(Tagetesspp.) var. Orangeade, chicken manure, Fenamipt@sdcur 400 EC) planted
on 3m x 4m plots in the field. During the followiragopping season (2008/2009) each
plot that received a treatment in the previous@eags halved to 1.5 m x 4 m plots. One

portion received the same treatment and the otbdiop was left untreated to test for
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possible residual effect of the previous treatreglication. A total of six treatments
were tested that included; (1) with and without Mald, (2) with and without chicken

manure and (3) with and without Fenamiphos.

Marigold were grown in respective plots and plowedier at flowering stage two weeks
before tomato transplanting. In each respective, flefore transplanting, Fenamiphos
400 EC was applied to the soil surface at the cit800 ml in 100 litres of water
followed by incorporation in the soil using handehim 20 cm depth. Chicken manure
was applied at a rate of 1 kg day after irrigating the plots to field capagitiniform
4-week-old ‘Roma cultivar’ tomato seedlings wenegdy transplanted at 0.75 m x 0.6 m
inter- and intra-row spacing respectively. Carb#Bdvin 85 WP) at the rate of 27 g/13.5
litre of water was spayed for the control of cutmerand locusts. A basal dressing
fertilizer, compound D (7 %N, 14 %®, 7 % K.0) was applied at transplanting at the
rate of 300 Nkg/ha (i.e. 360 g/plot). Compound [thie recommended basal fertilizer
dressing for tomato. Nematode assayes per 500afnsub-soil samples collected at
random pattern from the plot was determined andlaln{Pi) nematode population
established prio to treatments application. Nematpdpulations were monitored at
monthyl intervals up to 120 days after planting wiiee final (Pf) nematode population
was assessed. The rate of reproduction (R) of reeteatas Pf/Pi (final population/initial

population and the juvenile/male (J/M) ratio weadcalated.
5.2.3 Study area description: Kutsaga Researchdstat

A field study was conducted during the 2007/2008pping season at the Kutsaga
Tobacco Research Station locatedsp7 S; 3202 E, near the Harare International
Airport, Zimbabwe at an elevation of 1 500 masleTuoils at the research station are
deeply weathered sandy loams derived from gramite cassified as Udic Kandiustalf
under the USDA system of soil classification (Nyafese, 1991). The area lies in NR |l
receiving rainfall ranging from 800 to 1 000 mm p@mnum (average 900 mm per

annum) with a coefficient of variation of 19 %. Theean annual temperature is %1
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with insignificant frost occurrence in the monthisJane and July. The rainfall occurs

during a single rainy season extending from Novertiépril.
5.2.4 Treatments and experimental design

The experiment was split arranged in a randomizethptete block design with
continuous tobacco (CT) cultivation of the two toba varieties i.e. CT + Kutsaga
Mammonth (no resistance to root-knot nematodes) Ghd+ Kutsaga RK26 (bred for
resistance/tolerance) tdeloidogyne javanicanfestation as the main factors. Each factor
was evaluated with two nematicide levels i.e. 8 a.0 kg a.i./ha of ethylene dibromide
(EDB) together with 2 years of rotation with Kataond Rhodes grass. Each treatment
was replicated three times. Nematicide was injettedthe soil by the aid of an injection
gun to depth of 30 cm three weeks before a tobexmm was planted. Tobacco seedlings
were produced in the greenhouse in nematode fitedsefiore they were transplanted at
1.0 m x 0.45 m inter and intra row spacing, in extpye plots. Basal fertilizer NPK (7 %
N, 17 % BO0s and 7 % KO) was applied to the soil at rate of 90 kg N/H&) Rg P/ha and
90 K/ha respectively. The experiment was under-fi@ihconditions but irrigation was
applied when necessary. Soil sampling for nemataalemunities assay was conducted
at crop harvesting. Five (5) composite soil samfiles 0-15 and 15-30 cm depth were
collected in a random pattern from each plot. Fiseb-samples were mixed
homogeneously to constitute a composite sample fsdmech 500 g of soil was taken,
placed in a plastic bag, sealed and then kept uom@r conditions. The samples were
transported to the laboratory in a cool box andestat 18C for nematode assay. Soil

samples were processed within 24 hours after thection.
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53 Results

5.3.1 Results at Plant Protection Research In&i{(ePRI)

5.3.1.1 Trend in nematode abundance during thessoaf the experiment

The trend for nematode abundance is presentedign $2). The abundance in the

control and Fenamiphos treated plots at 0 - 15cpthdduring the 2007/2008 season
declined within 30 days after treatment incorpamatiand started rising. Maximum

abundance across the treatments was achieved 60tday sampling, and thereafter the
abundance declined steadily in both treatments ridsvthe end of the experiment, 120-
day. The Fenamiphos treated plots maintained lowestatode abundances throughout
the sampling period. In the 2008/2009 season, rémaltfor nematode abundance behaved

as the previous season (Figure 5.3).

(a) 0- 15 cm soil depth (b) 15 - 30 cm soil depth
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Fig. 5.2 Trend in nematode abundance: field expartrat PPRI (2008). Bars represent
standard errors of the mean
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(2) 0-15 cmsoil depth (b) 15 - 30cm soil depth
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Fig. 5.3 Trend in nematode abundance: field expamirat PPRI (2009). Bars represent
standard errors of the mean

5.3.1.2 Trophic structure and genera distribution

There was a general trend in reduction in abundafdeacterivores, omnivores and
fungivore nematodes after treatment incorporatimh @ increase in the abundance over
time in some treatments. At the final sampling dgr2007/2008 season (120-day),
abundance of herbivores was significantly (p<0.@%her than other guilds in all
treatments. Altogether, significantly (p<0.05) heghabundances of fungivores and
omnivores were observed in the control ahalgetestreatments.Tagetestreatment
recorded significantly (p<0.05) lower abundancebatterivores at 0 - 15 cm depth
(Fig.5.4).

The effects of treatment, time and soil depth oondlance of individual families and

genera identified in the study during 2007/2008emaare shown in (Table 5.1 — 5.5).
Bacterivorous nematodes identified were groupea twb families, the Rhabditidae and
Cephalobidae. The abundances of Rhabditidae andhaltdpdae were significantly

(p<0.05) higher in manure and Fenamiphos thanerctntrol plots. After the treatment
application, the abundance of fungivorous nematattepped in all treatments to low
and stable levels during the course of the experispdut begun to peak up in the plots

amended with manure during the last sampling.
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(a) 0-15 cm soil depth (b) 0-15 cm soil depth
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Fig. 5.4 Trophic distribution (a) before treatmapplication and (b) at the end of

the experiment (120-day) at 0 — 15 cm soil depidld experiment at PPRI

(2008). Bars represent standard errors of the mean
Plant parasitic nematodes in the experiment catsistainly of the gener®ratylenchus
Xiphinema and two species ofMeloidogyne M. javanicg and M. incognita
Occasionally present wereCriconemoides Tylenchorhynchys Hemicycliophora
Rotylenchulus Trichodorus and HemicriconemoidesNeither of the treatments had a
consistent effect on the abundance of most domipdentt-parasitic nematodes but
abundance of some genera were influenced over tameé depth. The genera
HelicotylenchusScutellonemaandXiphinemawere more abundant at 15 — 30 cm depth
while higher abundance d?ratylenchusspp. was recovered from 0 — 15 cm depth.
Abundance oHelicotylenchuspp. andScutellonema&pp. was greatest in the control and
manure treated plots. The abundancKiphinemaspp. was higher in the control plots at
15 — 30 cm depth. Abundance Mkloidogynespp. increased steadily in all treatments
through the sampling time, at the final sampling #foundance d¥leloidogyne incognita
was significantly (p<0.05) higher in the controlamure and Fenamiphos plots than in
Tagetesspp. plot at 15 — 30 cm depth.
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Table 5.1 Effect of treatment and depth on abooe®f nematode genera at (0-day): field
experiment at PPRI (2008)

Genu: Contro Manure Fenamiphc Tagete Depth
Effect
Depth (cm

0-1t 15-30 0-1t 15-0 0-15 15-3C 0-15 15-3C
Bacterivores
Cephalobida 3.91 3.01 3.3¢ 2.82 3.97 3.0: 4.04 2.81
Rhabditida 2.8¢ 1.72 2.4¢ 0.5: 3.07 1.57 3.11 0.7t *
Fungivores
Aphelenchoide 1.1C 0 0.9¢ 0 0 0 1.0z 0 *
Tylenchu 1.92 1.92b 1.62 Ob 3.21 2.9Fa 2.8¢ 2.9¢€ab
Aphelencht 3.32 2.5¢ 2.8 2.72 3.37 2.3¢ 3.7¢ 1.12
Filenchus 0.8¢ 1.7t 2.21 0.7 1.0t 0.91 3.€0 1.5¢
Fungi Dorylaimida 5.31 5.0¢ 4.8t 4.¢ 5.1¢ 5.0¢ 1.0Z 5.1¢€
Predators
Mononchida 0.9t 2.4F 1.8C 0 2.11 1.0¢ 5.12 4.0C
Predatory
Dorylaimidae 3.66 4.03 3.46 3.68 3.82 3.78 0.80 3.48
Omnivores
Omnivore
Dorylaimidae 3.62 3.75 3.69 3.45 3.97 4.24 3.37 5.15
Herbivores
Helicotylenchu 5.32 4.9¢ 4.9C 5.0¢ 5.1¢ 5.17 54C 519
Scutellonem 5.12 5.11 4.4: 4.9t 5.2C 5.3¢ 5.02 5.0C
Criconemoide 0 1.07 1.9 1.2t 2.12 0 0 0.6t
Pratylenchu 5.37 4.7¢ 4.€8 4.51] 5.2C 5.0¢ 5.3C 0.8t
Xiphinem: 0 1.0% 0 1.91 1.8¢ 1.9t 0.8C 0
Tylenchorhyncht 0 0.7¢ 0 0 0 0 0 0
Rotylenchulu 1.0t 1.7t 0.8¢€ 0.91 0 1.9t 1.6C 1.5
Hemicycliophor: 0.7¢ 0 0.7 0 2.01 0 0.8( 2.1C
M. javanice 3.81 3.2t 2.8 3.2t 3.6 3.1¢ 3.67 0.6t
M. incognite 3.1(a 2.4F 1.2%b 1.4 3.3 2.2¢ 2.87a 0 *
Trichodorut 0 0 0 0 1.8¢ 0.82 0 0
Hemicriconemoide 0 1.07 0.81 0 2.1z 0.7 0 0

NB: Row means followed by the same letter were ntiicantly different (p=0.05) according to the
Tukey-Kramer HSD test
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Table 5.2 Effect of treatment and depth on abuoelah nematode genera at (30-day): field
experiment at PPRI (2008)

Genu: Contro Manure Fenamiphc Tagete Depth
Effect
Depth (cm

0-15 15-30 0-15 15-3C 0-1t 15-3C 0-1t 15-3C
Bacterivores
Cephalobida 3.01 2.07 4.0z 3.2¢ 4.1¢ 3.4¢€ 3.91 2.9¢
Rhabditida 4.2 3.82 5.6¢€a 4.8¢ 5.47a 5.1: 5.81a 5.2¢ *
Fungivores
Aphelenchoide 0.9C 0 1.6¢ 0 0.72 0 0 0 *
Tylenchu 3.27 1.7t 4.3C 3.4¢ 2.0Z 2.4¢€ 4.31 3.8¢
Aphelencht 3.4¢ 2.6¢ab 4.7¢ 3.64a 2.0z Ob 3.97 2.2% *
Filenchus 2.52 3.37 4.4z2 3.7¢ 2.3¢ 2.97 4.3¢€ 3.41
Fungi Dorylaimida 5.1€a 4.5 4.9¢ab 4.6( 4.2&b 4.47 4.8¢ab 4.7z
Predators
Mononchida 1.72 2.07 1.3¢€ 2.1¢€ 0 0 0 0.9¢
Predatory
Dorylaimidae 4.54ab 4.09 4.82a 4.03 4.08 4.48 4.77a 4.86
Omnivores
Omnivore
Dorylaimidae 3.72 3.70 3.84 4.07 3.63 4.14 4.30 4.14
Herbivores
Helicotylenchu 5.37a 5,1¢ 4.7%b 5.2t 4.62b 4.9 5.1€ab 5.2¢
Scutellonem 4.9: 5.11 4.6¢ 5.07 4.37 4.8¢ 4.31 4.91 *
Criconemoide 0 1.51 1.0C 0 0 0 0 0
Pratylenchu 5.5(a 4.4¢ 4.8€b 3.72 4.27c 3.9t 4.9 4.0¢ *
Xiphinem: 0 0 0 0 0 0 0.9C 1.82
Tylenchorhyncht 0 0 0 0 0 0 0 0
Rotylenchulu 0 0 0 0 0 0 0 0
Hemicycliophor: 0 0.9¢ 0 0 0 0 0 0
M. javanicz 4.2za 3.4C 3.1%b 1.4 3.11b 2.97 2.9 3.3z
M. incognite 2.4C 3.31 2.3C 1.0t 2.4% 2.5¢ 4.2t 2.2t
Trichodorut 0 0 0 0 0 0.71 0 0
Hemicriconemoide 0 0.9t 0 0 0 0 0 0

NB: Row means followed by the same letter were ntiicantly different (p=0.05) according to the
Tukey-Kramer HSD test
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Table 5.3 Effect of treatment and depth on abuoelah nematode genera at (60-day): field
experiment at PPRI (2008)

Genu: Contro Manure Fenamipho Tagete Depth
Effect
Depth (cm

0-15 15-30 0-15 15-3C 0-1t5 15-3C 0-1& 15-3C
Bacterivores
Cephalobida 1.9¢ 1.64b 4.2¢ 3.51a 3.97 3.5z 3.91 4.1%a
Rhabditida 3.6tb 3.3tb 5.0Cab 4.71a 5.14ab 4.9(a 5.82a 5.4¢€a
Fungivores
Aphelenchoide 0 0 0.1 0 0 0 0 0
Tylenchu 2.21 1.21 4.3¢ 3.9t 2.92 2.2¢ 4.31 4.3¢
Aphelencht 3.6tab 1.8C 4.1 3.51 2.9C 1.2% 3.7¢ab 3.4z *
Filenchu: 3.67 1.8¢b 4.04 4.3€a 3.1¢ 3.1¢b 4.3¢ 4.31ab
Fungi Dorylaimida 3.6( 3.87 4.75 4.9¢ 4,57 4.3C 4.8¢ 4.6¢
Predators
Mononchida 4.3¢ 3.11 2.1¢ 2.0¢ 0 1.2z 0 2.0F
Predatory
Dorylaimidae 4.50 4.13 4.77 4.78 4.27 4.48 4.77 4.60
Omnivores
Omnivore
Dorylaimidae 3.90 3.58 4.00 4.33 3.82 4.01 4.30 3.94
Herbivores
Helicotylenchu 5.57 5.67 5.37 5.4C 5.14 5.6¢ 5.1¢ 5.3¢
Scutellonem 5.44a 5.61 5.5¢a 5.2¢ 4.4¢b 5.3¢ 4.31ab 4.7¢
Criconemoide 1.0¢ 2.11 0 1.87 0 0 0 1.2¢ *
Pratylenchu 5.2¢ 4.4¢ 4.8¢ 3.51 4.3¢ 3.7¢ 4.9¢ 4.8( *
Xiphinem: 1.07 1.9¢ 0 2.0¢ 0 1.2¢ 0.9C 1.1F
Tylenchorhyncht 0 0 0 0 0 0 0 0
Rotylenchulu 0 2.0z 0 0 0 0 0 0
Hemicycliophor: 3.8a 1.8¢ 1.11ab 0 Ob 0 Ob 0
M. javanice 4.7¢ 4.11 4.1z 3.0¢ 4.07 3.82 2.97 4.4:
M. incognite 3.8¢ 3.4¢ 4.6¢ 3.67 4.0C 3.8¢ 4.2¢ 4.6¢ *
Trichodoru: 0 0 0 0 0.7¢ 0 0 0
Hemicriconemoide 1.27 0 0 0 0 0 0 0

NB: Row means followed by the same letter were ntiicantly different (p=0.05) according to the
Tukey-Kramer HSD test

75



Table 5.4 Effect of tr eatment and depth on abuoelah nematode genera at (90-day): field
experiment at PPRI (2008)

Genu: Contro Manure Fenamiphc Tagete Depth
Effect
Depth (cm
0-15 15-30 0-15 15-3C 0-1t 15-3C 0-1t 15-3C
Bacterivores
Cephalobida 1.6C 2.3€ 3.8(C 3.1¢ 3.5¢ 3.32 3.0¢ 3.8¢
Rhabditida 3.3¢ 3.0zb 4.2( 3.84ab 4.2 4.1€a 4.12 3.2¢b
Fungivores
Aphelenchoide Ob 0.7¢ 3.0la 1.9¢ Ob 0 Ob 0
Tylenchu 2.1¢ 0 3.5¢ 2.6 2.2 1.0&ab 3.22 2.6 *
Aphelencht 3.5zab 3.2 4.1¢€a 3.8¢ 2.6% 3.3(C 3.6¢€ab 3.6¢
Filenchus 1.82 1.77 2.6¢ 3.1¢ 2.2 1.9¢ 3.31 2.22
Fungi Dorylaimida 4.5C 3.7¢ 4.4¢ 4.3¢ 4.4z 4.37 4.2¢ 4.4z
Predators
Mononchida 2.9t 0.7¢ 2.3¢ 3.7¢ 0.8¢ 2.9t 2.81 2.1
Predatory
Dorylaimidae 4.52 4.31 4.89 4.44 4.46 4.56 4.47 4.71
Omnivores
Omnivore
Dorylaimidae 3.78 3.72 412 4.20 4.01 3.84 3.81 4.18
Herbivores
Helicotylenchu 5.52 5.7¢ 5.84 5.3¢ 5.1¢ 5.7¢ 5.5%b 5.62
Scutellonem 5.47 5.3¢ 5.21 5.0z 4.6zb 5.21 4.8¢ 5.0
Criconemoide 1.1zab 0 3.2%a 2.97a 0 Ob 0 Ob
Pratylenchu 4.41 3.9 4.6( 2.8%b 4,13 4.0%a 4.3t 4.3(a *
Xiphinem: 1.0Z 0.91 0.8t 2.8¢ 0 1.22 1.0C 0.97
Tylenchorhyncht 0 0.9t 0 0 0 0 0 0
Rotylenchulu 0 0 0 0.8t 0 0 0 0
Hemicycliophor: 0 0 0 0 0 0 0 0
M. javanicz 4.7¢€ 4.0¢ 4.8¢ 4.17 4.2¢ 4.2¢ 4.3¢ 3.9¢
M. incognite 4.11 3.6¢ 4.81 3.9¢ 4.0¢ 3.6( 4.2z 3.5t *
Trichodorut 0 0 0 0 0 0 0 0
Hemicriconemoide 0 0 0 0 0 0 0 0

NB: Row means followed by the same letter were ntiicantly different (p=0.05) according to the
Tukey-Kramer HSD test
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Table 5.5 Effect of treatment and depth on abucelaf nematode genera at (120-day): field
experiment at PPRI (2008)

Genu: Contro Manure Fenamiphc Tagete Depth
Effect
Depth (cm

0-15 15-30 0-15 15-3C 0-1t 15-3C 0-1t 15-3C
Bacterivores
Cephalobida 2.7¢ 3.31 3.7¢ 2.6¢ 3.5¢ 3.97 5.52 2.1¢
Rhabditida 2.0¢€ 2.0% 3.2¢ 3.11 3.1C 2.7¢ 2.6 2.31
Fungivores
Aphelenchoide 0.9¢ 0.97 2.32 2.4¢ 0.6¢ 0.9¢ 0 0
Tylenchu 2.0¢ 0.7t 1.5¢ 1.6¢€ 1.5¢ 0 2.3¢ 2.4¢
Aphelencht 2.8t 3.31 3.8¢ 2.81 2.1¢ 3.4F 3.07 3.2¢
Filenchus 0.7¢ab 0.7z 3.47a 1.67 Ob 0 1.8Zzab 0.8
Fungi Dorylaimida 4.3t 3.7¢ 4.4t 3.8¢ 4.0¢ 4.21 3.7¢ 3.8¢ *
Predators
Mononchida 2.00 2.8¢ 3.44 3.4C 0 3.21 1.82 2.07
Predatory
Dorylaimidae 4.44 3.66 4.16 4.02 4.11 4.13 3.96 4.23
Omnivores
Omnivore
Dorylaimidae 3.06 3.09 3.92 3.86 3.71 4.03 2.82 3.78
Herbivores
Helicotylenchu 5.5¢ 5.4¢ 5.5¢ 552 5.14 5.2¢ 5.2¢ 5.42
Scutellonem 5.0¢€ 4.97 5.2¢ 5.32 4.77 4.8 4.7¢ 4.8¢
Criconemoide 0.7¢ 0.9¢ 2.3z 1.8¢ 0 0 0.9t 0 *
Pratylenchu 4.1¢ 3.9¢ 3.8t 2.1 4.51 3.82 4.4¢ 3.81
Xiphinem: 0 2.02 0 1.6¢€ 0 0.9¢ 1.6¢ 1.1¢
Tylenchorhyncht 0 0 0 0 0 0 0 0
Rotylenchulu 0 0.97 0 0 0 0 0 0

NB: Row means followed by the same letter were rgstiBcantly different (p=0.05) according to the

Tukey-Kramer HSD test

The reproduction factors i.e. final population hitial population (R=Pf/Pi) ratio is an

indication of nematode multiplication. In treatmentith manure, Fenamiphos and

Tageteghere were significantly higher (p<0.05) reprodoretfactors for Cephalobidae at
0 - 15 cm depth during 2007/2008 (Table 5.6). Sigantly (p<0.05) higher reproduction

factors forAphelenchuspp. were observed in the control, manure Bagketesspp. plots.

The generaAphelenchoidesnd Filenchushad higher reproduction factors in manure

plots. Treatments had no significant effect ondtieer guilds. Treatments did not affect

the reproduction factor of most families and gerard5 - 30 cm depth (Table 5.7).
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However, the reproduction factor fBratylenchusspp. was significantly (p<0.05) low in

the control manure plots.

Table 5.6 Reproduction factors for nematode geae@a- 15 cm soil depth as influenced
by treatmentdield experiment at PPRI (2008)

Genus/Trophic Contro Manure Fenamipha Tagete
group

Bacterivores

Cephalobida 2.65b 3.84a 3.8fa 3.54a
Rhabditida 3.2¢ 4.12 4.1¢ 4.22
Fungivores

Aphelenchoide 0.5¢b 2.2¢€a 0.7(b 0.57b
Tylenchu 2.32 3.0¢ 2.3¢ 3.6(
Aphelencht 3.54a 3.9ta 2.64b 3.5Ca
Filenchu 1.9zab 3.37a 1.7¢b 2.9¢ab
Fungi 4.72 4.6¢ 4.4¢ 4.5¢
Dorylaimidae

Predators

Mononchida 1.9%ab 2.2za 0.6(b 1.51ab
Predatory

Dorylaimidae 4.33 4.42 4.15 4.36
Omnivores

Omnivore

Dorylaimidae 3.61 3.91 3.82 3.64
Herbivores

Helicotylenchu 5.4¢€a 5.2¢ab 5.04b 5.3zab
Scutellonem 5.2(a 5.04ab 4.6&b 4.7¢b
Criconemoide 0.5¢ 1.6¢ 0.4z 0.44
Pratylenchu 4.9¢ 4.61 4.4¢ 4.71i
Xiphinemi 0.41 0.17 0.37 1.11
Tylenchorhyncht 0 0 0 0
Rotylenchulu 0.21 0.17 0 0.32
Hemicycliophor: 0.7¢ 0.37 0.4C 0.1¢
M. javanice 4,51 3.97 4.01 3.9
M. incognite 3.4¢ 4.1C 4.1¢€ 4.67
Trichodorut 0 0 0.7 0
Hemicriconemoide 0.2t 0.1¢€ 0.4 0

NB: Row means followed by the same letter were ntiicantly different (p=0.05) according to the
Tukey-Kramer HSD test
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Table 5.7 Reproduction factors for nematode geaei® - 30 cm soil depth as
influenced by treatmentield experiment at PPRI (2008)

Genus/Trophic Contro Manure Fenamiphao Tagete
group

Bacterivores

Cephalobida 2.4 3.0¢ab 3.5¢€a 3.0¢ab
Rhabditida 2.7¢ 3.4C 3.71 3.2t
Fungivores

Aphelenchoide 0.5t 1.2¢ 0.5¢ 0.1¢
Tylenchu 0.77b 2.34a 1.7%ab 2.87a
Aphelencht 2.7% 3.31 2.07 2.6€
Filenchut 1.8¢ 2.7¢ 1.7¢ 2.21
Fungi 4.1¢ 4.5¢ 4.4¢ 4.51]
Dorylaimidae

Predators

Mononchida 2.2¢ 2.2i 1.6¢ 1.9C
Predatory

Dorylaimidae 4.04 4,18 4.28 4.48
Omnivores

Omnivore

Dorylaimidae 3.5 3.9&b 4.0% 3.96b
Herbivores

Helicotylenchu 5.4( 5.3Z 5.3t 5.42
Scutellonem 5.2¢ 5.11 5.12 5.0¢
Criconemoide 1.1zab 1.5¢a Oc 0.1%hc
Pratylenchu 4.3(a 3.3 4.1za 4.2¢€a
Xiphinemi 1.1¢ 1.6¢ 1.07 0.9¢
Tylenchorhyncht 0.1¢ 0 0 0
Rotylenchulu 0.9¢ 0.3t 0.3¢ 0
Hemicycliophor: 1.0¢ Ob Ob 0.3lab
M. javanice 3.8¢ 3.11 3.72 3.4t
M. incognite 3.0t 2.6¢ 3.1z 2.6¢
Trichodorut 0 0 0.52 0
Hemicriconemoide 0.4C 0 0.14 0

NB: Row means followed by the same letter were ntiicantly different (p=0.05) according to the
Tukey-Kramer HSD test

During sampling prio to treatment application in082009 season, found significantly

(p<0.05) higher abundance of herbivores and funigivan all the treatments at both soll

depths. The abundance of fungivores decreasedtedtgment application and increased

later during the course of the experiment. Howetler abundance of herbivores at

120-day sampling was significantly (p<0.05) higlttean other guilds in all treatments.

Significantly (p<0.05) higher abundance of funge®rand predators were observed in
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the manure andagetesplots respectively. There was no significant défece on the
guilds among the treatments (Fig. 5.5).

(@) 0-15 cm soil depth

@ Bacterivores

Nematode count/100cm 2 of
soil

B Fungivores
0O Predators

Treatment 0O Omnivore Dorylaim

W Herbivores

(a) 15-30 cm soil depth

@ Bacterivores

Nematode count/100cm 2 of
soil

| Fungivores
0O Predators

0O Omnivores

Treatment

| Herbivores

M-Residual = Manure Residual; F-Residual = Fen&wgpResidual; T-Residual = Tagetes Residual

Fig. 5.5 Trophic distribution (a) at 0 — 15 cm gbjylat 15 — 30 cm soil depth (120-day):
field experiment at PPRI (2009). Bars represtartdard errors of the mean

The reproduction factors of individual families agenera identified in the study at 0 —
15 cm and 15 — 30 cm depth are shown in treatnfeadsno effect on the reproduction

factors among the nematode families and generddBa and Table 5.9).
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5.3.1.3 Nematode community and food web indices

During the 2007/2008 season, treatment had sigmifieffect on the maturity index (Ml)
values. During the final sampling (120-day), sigrahtly (p<0.05) higher and lower Mi
were observed in the control and Fenamiphos ptdis-al5 cm depth, respectively (Fig.
5.6). The PPl were not significantly different argothe treatments. Significantly
(p<0.05) high H’ values were observed in the cdrfotblowed by theTagetesspp. plots.
Significantly (p<0.05) lower H’ values were in Fem@ghos plots. Nematode genera
evenness (J) was significantly (p<0.05) higher nmanure plots. There were no
significant effects of treatments on the MI, PPd ah values at the 15 — 30 cm depth.
However, significantly (p<0.05) lower H’ values weobserved in the Fenamiphos plots
and significantly (p<0.05) higher J’ values in tentrol plots, respectively.
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Table 5.8 Reproduction factor for nematode genefa-al5 cm depth as influenced by treatmefigkst experiment at PPRI (2009)

Genus Contro Manure M-Residul Fenamiho F-Residue Tagete T-Residue
Bacterivores

Cephalobidae 2.31 3.1¢ 2.64 2.1¢ 3.01 3.3¢ 3.3¢
Rhabditidae 3.27 3.5¢ 4.04 3.87 3.3¢ 3.82 3.0¢
Fungivores

Aphelenchoides 0 0 0 0 0.1¢ 0 0.5¢
Tylenchus 1.41ab 3.1(a 1.31ab 1.2%b 1.7¢ab 2.3%ab 1.9%ab
Aphelenchus 2.7¢b 4.44a 3.4¢€ab 2.8¢b 2.7%b 3.54ab 3.0¢b
Filenchus 2.01 2.9¢ 1.6C 2.2¢ 2.6F 2.6F 1.8(
Fungi Dorylaimidae 5.01a 5.1l1a 4.97ab 4.34c 4.5Z2bc 5.0za 5.0¢ca
Predators

Mononchidae 3.04a 3.3(a 2.54d 1.3% 2.6kab 2.9¢a 2.E7ab
Predatory

Dorylaimidae 4.77 4.73 4.82 4.71 4.67 4.59 4.59
Omnivores

Omnivore

Dorylaimidae 4.52 4.48 3.39 4.47 4.69 4.49 4.52
Herbivores

Helicotylenchus 5.37ab 5.61a 5.4¢b 5.2¢€ab 5.5¢a 5.5%a 5.1¢b
Scutellonema 4.7¢ 5.13 4.9¢ 4.6 5.0¢ 5.1t 4.71
Criconemoides 2.01 1.5¢ 1.65 0.9¢ 2.32 2.1t 2.4z
Pratylenchus 4.0¢ 3.82 3.5¢ 3.51 3.5¢ 3.67 4.0¢
Xiphinema 2.1z 1.6¢ 1.92 1.72 1.77 2.0¢ 2.22
Tylenchorhynchus 2.0F 2.3¢ 1.7z 1.0¢ 2.2F 1.47 2.11
Rotylenchulus 0 0.31 0.1 0 0 0.2Z 0.1¢
Hemicycliophora 1.32 1.07 0.7¢ 0.6: 0.91 0.57 0.61
M. javanica 4.91ab 5.07ab 8.7tab 2.1 9.3% 4.6%ab 4.1%ab
M. incognita 6.8:2 2.7¢ 2.8¢ 2.9¢ 2.6¢ 3.2¢ 3.5¢
Trichodorus 0 0 0 0] 1.4¢ 0 0
Hemicriconemoides 0 0 0.2C 0 0.1t 0 0

NB: Levels not connected by same letter are sigmiflgalifferent
M-Residual = Manure Residual; F-Residudrenamiphos Residual; T-Residual = Tagetes Residual
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Table 5.9 Reproduction factor for nematode genet® a 30 cm depth as influenced by treatmdiwtist experiment at PPRI (2009)

Genus Control Manure M-Residual FenamiphdsResidual Tagetes T-Residual
Bacterivores

Cephalobidae 1.57 1.5t 1.6C 1.7i 2.21 1.7¢ 2.3¢
Rhabditidae 2.1¢ 2.1C 2.81 3.22 2.31 2.62 1.82
Fungivores

Aphelenchoides 0.2C 0 0 0 0 0 0
Tylenchus 0.3tb 1.81a 0.4%b 1.3%ab 1.0Cab 0.5zab 1.1Fab
Aphelenchus 3.12 2.7¢ 2.6 2.07 3.1¢ 2.7¢ 2.9
Filenchus 0.8z 1.5z 0.4¢ 1.21 0.7z 1.17 0.3t
Fungi Dorylaimidae 4.6€ab 5.11a 4.5¢h 4.56b 4.3 4.4%h 4.2¢b
Predators

Mononchidae 3.3tab 3.7za 2.8(abc 1.8&c 2.3%bc 3.14ab 2.9%b
Predatory

Dorylaimidae 4.10 4.35 3.92 4.27 4.03 4.15 4.12
Omnivores

Omnivore

Dorylaimidae 3.82ab 4.4% 3.61b 4.43b 3.94ab 4.16ab 4.15b
Herbivores

Helicotylenchus 5.7Za 5.5¢ab 5.2% 5.34ab 5.57ab 5.6(Cab 5.3
Scutellonema 5.2Fab 5.2zab 4.9%b 5.01ab 5.21ab 5.4za 5.17ab
Criconemoides 2.0z 2.52 1.8t 1.0¢ 1.91 2.5€ 2.27
Pratylenchus 2.7%ab 1.47b 2.4%ab 3.1€a 2.47ab 2.74ab 2.84ab
Xiphinema 2.8¢ 2.2 2.3€ 2.4¢ 2.1z 2.63 2.32
Tylenchorhynchus 2.6t 2.12 2.32 2.2 2.31 2.4¢ 2.8(
Rotylenchulus 0 0.1t 0 0.3t 0.1¢ 0.14 0.1¢
Hemicycliophora 1.13 1.7¢ 1.41 1.5¢ 1.3¢ 1.81 1.8¢€
M. javanica 3.4¢€ 2.7¢ 2.7¢ 2.8z 3.3¢ 2.8¢ 2.7¢
M. incognita 1.47 1.94 1.54 1.44 1.57 0.6C 1.5¢€
Trichodorus 0 0 0 1.3¢ 0 0.1t 0

NB: Levels not connected by same letter are sigmiflgaifferent
M-Residual = Manure Residual; F-Residu&lenamiphos Residual; T-Residual = Tagetes Residual
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Fig. 5.6 Community structural indices at 0 - 15 4hd 30 cm soil depth at the end of

experiment (120-day): field experiment at PPRIO@0 Bars represent standard
errors of the mean

Manure treatment had significant high El valuesdath depth, significantly (p<0.05)
higher Bl was recorded in the manure plots at & €rh depth and significantly lower at
manure at 15 — 30 cm depth (Fig. 5.7). Gener#llg,El values were greater in plots
amended with manure. Lower values were recordeddar-enamiphos plots. At 15 — 30
cm depth, significantly (p<0.05) higher and lowdrviere observed in the manure and
Fenamiphos treatment respectively. Manure plots digdificantly (p<0.05) lower Bl

values, whereas treatments had no significant tefiethe Sl values.
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Fig. 5.7 Food web indices at 0 — 15 and 15 €r8Goil depth at the end of experiment:

(120-day): fieldexperiment at PPRI (2009). Bargespnt standard errors of
the mean
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Fig. 5.8 Community structural indices at 0 — h8 45 — 30 cm soil depth at the end of
experiment (120-day): field experiment at PPRI09). Bars represent
standard errors of the mean

Community structural indices at 0 — 15 and 15 -eB80depth during 2008/2009 season
are shown in (Fig. 5.8). Plots with residual effetTagetesspp. had significant (p<0.05)
higher MI values at both depths. PPI values wegaiftantly (p<0.05) higher in the
Fenamiphos residual plots, whereas significantis0(p5) lower J’ values were recorded
in the manure plots. At 15 — 30 cm depth, signiftba (p<0.05) higher MI and PPI
values were observed in tA@agetesresidual and manure plots respectively. Plots with
residual effect of manure recorded significanthix@®5) higher diversity (H) and

evenness (J’) of nematode genera.

The EI and Bl values at 0 — 15 cm depth were siamtly (p<0.05) higher in manure
plots (Fig. 5.9). There were no significant difieces among treatments on the Sl values.
At 15 — 30 cm depth, manure plots had significafpky0.05) higher EI values whereas
significantly (p<0.05) lower Sl values were observan the Tagetesspp. plots.
Treatments had no significant effect of Bl valugbe nematode channel ratio NCR

values were lower in both treatments in both croggieasons (Table 5.10).
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Fig. 5.9 Food web indices at 0 — 15 and 15 — 3Gaindepth at the end of experiment
(120-day): field experiment at PPRI (2009). Baggesent standard errors of the mean

Table 5.10 Influence of treatments on nematoderwdiamtio NCR: field
experiment at PPRI (2008 and 2009)

Year Depth Contro Manure M- Fenamipho F- Tagetes T-
(cm) Residual Residual Residual
200¢ 0-1t 0.24 0.4¢ - 0.47 - 0.2¢ -
15-3C 0.34 0.2¢ - 0.3¢ - 0.2: -
200¢ 0-1t 0.11 0.1¢€ 0.1¢ 0.37 0.27 0.1¢ 0.27
15-3C 0.1C 0.0¢ 0.21 0.2¢ 0.17 0.21 0.3t

M-Residual = Manure Residual; F-Residual = FenawsgResidual; T-Residual = Tagetes Residual
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5.3.1.4 Influence of treatment on Meloidogyne spp. sexrati

The mean male-juvenile ratio dfleloidogyne spp. was significantly affected by

treatments at the end of the experiments (120-dAyying the 2007/2008 season,

significantly (p<0.05) greater ratios of males webserved in the Fenamiphos plots at 0
—15cm (Table 5.11 (a) and 15 — 30 cm 5.11 (b)).

Table 5.11(a) Mean male-juvenile ratio at 120-daynduenced by treatments
at the 0 — 15 cm soil depth: field expent at PPRI (2008)

Genus Control Manure Fenamiphos Tagetes
M. javanica 0.1 0.0 1.61a 0.0%
M. incognita 0.1 Ob 1.12a 0.14a

M-Residual = Manure Residual; F-Residual = FenawsgdResidual;
T-Residual = Tagetes Residual
NB: Row means followed by the same letter were rgstiBcantly different (p=0.05) according to the
Tukey-Kramer HSD test

Table 5.11(b) Mean male-juvenile ratio at 120-dayrfluenced by treatments
at the 15 — 30 cm soil depth: field expent at PPRI (2008)

Species Control Manure Fenamiphos Tagetes
M. javanica 0.1%D 0.21b 1.10a 0.0
M. incognita 0.05b 0.05b 0.67a 0.07b

M-Residual = Manure Residual; F-Residual = FenawsgResidual;
T-Residual = Tagetes Residual
NB: Row means followed by the same letter were rgstiBcantly different (p=0.05) according to the
Tukey-Kramer HSD test
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During the 2008/2009 season, significantly (p<0.M0igher abundance of juveniles were
recovered from the control and residual Fenamiglt@— 15 cm soil depth. Fenamiphos
treatment at both depths recorded significantlyo(pS) higher abundance Bbf. javanica
males in the Fenamiphos treated plots (Table &)lan(d 5.12 (b)).
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Table 5.12(a) Mean male-juvenile ratio at 120-dayndluenced by treatments at the 0 — 15 cm sqitlddield experiment (2009)

Species Control Manure M-Residual Fenamiphos FelResi Tagetes T-Residual
M. javanica 0.86ab 0.46 0.57ab 1.36a 0.62ab 0.4% 0.65ab
M. incognita 0.11 0.21 0.29 0.41 0.06 0.15 0.31

M-Residual = Manure Residual; F-Residual = FenawsgResidual; T-Residual = Tagetes Residual
NB: Row means followed by the same letter were ntiicantly different (p=0.05) according to the TBykKramer HSD test

Table 5.12(b) Mean male-juvenile ratio at 120-dayndluenced by treatments at the 15 — 30 cm sptid field experiment (2009)

Species Control Manure M-Residual Fenamiphos FeRasi Tagetes T-Residual
M. javanica 0.71ab 0.2% 0.23b 1.1 0.41ab 0.4&b 0.53b
M. incognita 0.11 0.11 0.29 0.35 0 0 0.38

M-Residual = Manure Residual; F-Residual = FenawsgResidual; T-Residual = Tagetes Residual
NB: Row means followed by the same letter were rgsticantly different (p=0.05) according to the TBykKramer HSD test
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5.3.2 Result at Kutsaga Research Station

5.3.2.1 Impact of treatment on nematode abundance anphicaistribution

Abundance of nematodes varied significantly ameoagtments (Fig. 5.10). Both control
plots under K-Mammonth and K-RK26 together with Kamonth after 2-year of
Katambora Rhodes grass had significantly higheratede abundance than the rest of
treatments. Lowest nematode abundance was observédMammonth and K-RK26
both at the nematicide rate of 3.0 kg a.i./ha.
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Fig. 5.10 Influence of treatments on nematode ahooet tobacco experiment (2007).
Bars represent standard errors of the mean

Bacterivores were significantly abundant in the kfivmonth crop treated with EDB at
1.5 kg a.i./ha followed by the plots with K-Mammbniariety after 2-year rotation of
Katambora Rhodes grass (Fig. 5.11). The higherddnoe of fungivores was observed
in the K-Mammonth variety after 2-year rotation lwiKatambora Rhodes grass and
lowest abundance was observed in K-RK26 treatetd wDB at 3.0 kg a.i./ha. The

91



populations of predators and omnivores were obdetoebe lower than other trophic
groups across both treatments. The lowest abunda#rfoagivores was recovered in the
2-year rotation of K-RK26 variety with Katambora dles grass and in the K-RK26
treated with EDB at 3.0 kg a.i./ha plots. Plantagéic nematodes that were dominant in
the both treatments, recorded significantly (p<Pligher abundance in the control plots
of both the two tobacco varieties and in the K-Maonth variety after 2-year rotation

with Katambora Rhodes grass plots.
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Fig. 5.11 Influence of treatments on trophic grabpndance: tobacco experiment
(2007). Bars represent standard errors of tham

5.3.2.2 Impact of treatment on nematode structure anttidigion

The abundance of free-living nematodes (bactersjoreingivores, predators and
omnivores) were not affected by treatments. Howetrer abundance dRotylenchulus
spp. was significantly (p<0.05) high in the K-Mammiio production after a 2-year
rotation with Katambora Rhodes grass plots. Soraetglarasitic nematodes (herbivores)
were significantly influenced by the treatmentse Hibundance dfylenchorhynchuspp.

was significantly (p<0.05) higher in the controbtd of the K-Mammonth variety.
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Table 5.13 Effect of variety, rotation and nemidi rates on nematode communities
composition: tobacco experiment (2007)

2 yearr 2 year gras a a
Trophic grass (K- (K- CT - Kutsaga mammonth CT- Kutsaga RK26

group/Genus  RK26) mammonth)

15EDE 3.0EDE Contro 1.5EDE 3.0EDE Contro

Bacterivores

Cephalobida 1.87b 2.9%ab 3.3%7 2.7tab 2.8Cab 2.4Zzab 2.1€ab 2.6¢ab
Rhabditida 1.1¢€ 2.4z 2.41 1.8¢ 2.3¢ 1.3C 1.1¢€ 1.5C
Fungivores

Aphelencloide: 1.80kc 3.1z 2.67ab 1.8(bc 2.67ab 2.02bc 1.67c 2.6¢ab
Tylenchu: 0.5€bc 2.4zab 2.7a 1.2¢abc  1.2&abc 0.2& 0.2z 2.47ab
Aphelenchu 0.2¢ 1.5¢ 0 0 0.9¢ 0.4: 0 0
Filenchu: 0 0 0 0 0 0 0 0
Fungi 2.0(b 3.3 2.9ab 2.14ab 3.07ab 2.6tab 1.9 2.8Cab
Dorylaimidae

Predators

Mononchida 0 0 0 0 0 0 0 0
Predatory 1.7z2bc 2.6€a 2.7¢ 1.64c 2.71a 1.8(bc 1.2¢c 2.4%ab
Dorylaimidae

Omnivore

Omnivore 1.6Cab 2.5¢a 2.3¢tab 1.4(b 2.3%ab 2.0zab 1.61ab 4.5C
Dorylaimidae

Herbivores

Helicotylenchu 3.34bc 4.2¢ab 3.4zabc 2.94 4.1¢b 3.25c 3.0& 4.2
Scutellonem 3.7¢ab 3.8¢ 3.87a 3.4th 4.443 3.4 3.35b 4.41a
Criconemoide 1.6(b 2.7Cc Oc Oc Oc Oc Ob Oc
Pratylenchu 3.5zab 4.2¢a 3.6tab 3.0 4.3¢€a 3.1tb 3.1b 4.3%
Xiphineme 1.3C(ab 2.46b Ob Ob Ob Ob Ob 0.5¢b
Tylenchorynchus  1.7Zab 2.84a Oc Oc 3.1 Oc Oc 0.7%c
Rotylenchulu 0.8%b 2.6 Ob Ob 3.0za Ob Ob 0.5¢b
Hemicycliophor: 0.2¢ 0 0 0 0 0 0 0
M. Javanici 2.0€abc 1.4¢ 2.94abc 1.9¢bc 4.1fa 2.1Cabc 1.3€c 3.6lab
M. incognite 2.3%ab 1.04a 2.5¢b 0.51c 3.0¢€a 2.0Zabc 0.4¢< 2.84a
Trichodoru: 0 0.5¢ 0 0 1.8¢ 0 0 0

CT = Continuous Tobacco
NB: Levels not connected by same letter are sigmiflgalifferent

The K-Mammonth and K-RK26 varieties each after gedr rotation with Katambora
Rhodes grass recorded significantly (p<0.05) higiiemdance ofriconemoidespp.

A high abundance ofScutellonemaspp. was observed in the control plots of K-
Mammonth and K-Mammonth varieties treated with E&BL.5 kg a.i./ha. The Higher

abundance dfleloidogyne javanicandM. incognitawere recovered in the control plots
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of K-Mammonth variety, whereas the lower abundansese recovered from the K-

Mammonth variety production after a 2-year rotatiath Katambora Rhodes grass.

5.3.2.3 Nematode community and food web indices

The effect of treatments on the mean values fountgtindex (Ml), plant parasitic index
(PPI), Shannon diversity (H’) and evenness (J')idesl, enrichment index (El) and
structural index (SI) are shown in (Fig. 5.1Phe MI was significantly (p<0.05) lower in
K-RK26 variety treated with EDB at 3.0 kg a.i. /hes irt was same in the rest of
treatments. In other treatments the PPl was sagmifly (p<0.05) higher in the K-RK26
variety after a 2-year of Katambora Rhodes grasssighificantly (p<0.05) higher
Shannon-Weiner (H’) (H’) diversity index was obsauhvin the K-Mammonth production
after a 2-year rotation with Katambora Rhodes gréks lowest H’ value was recorded
in the K-RK26 variety treated with EDB at 3.0 kg/aa. Treatments had no effect on the
(J") index.
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Fig. 5.12 Influence of treatments on nematodernanity structural indices: tobacco
experiment (2007). Bars represent standaodseof the mean
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El values were significantly higher in the contpbbts of K-Mammonth variety. The K-
RK26 variety treated with EDB at 3.0 kg a.i./haaeted the significantly (p<0.05) lower

values (Fig. 5.13). There were no significant tresit effects on the Bl and Sl value.
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Fig 5.13 Influence of treatments on food welided: tobacco experiment (2007). Bars
represent standard errors of the mean

5.4 Discussion

5.4.1 Trend in nematode abundance

In the tomato experiment, the abundance of nematadeler different treatments
gradually decreased with soil depth. The excepti@s Pratylenchusspp which was

much higher at 0 — 15 cm depth. This is genera¢iagions that soil layers at 0 — 15 cm
is the region of greatest biological activitiestteafluences nematode populations build
up. Findings from the tobacco study have revedlet treatments affected some
nematode genera resulting into changes in nematochenunities’ composition. In the

current study, ethylene dibromide reduced the abooel of nematode communities

while its absence in the control plots led to higaleundance. The nematicide would not
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be an ideal strategy for nematode pest managentel® managing soil health because it
also affected free-living nematodes that are asdefior organic matter decomposition
and nutrient recyclinglhis observation is in agreement with a previouslysby Yeates,

Wardle and Watson, (1999) who reported that gerteagides such as methyl bromide

decreased microbial populations and nearly elireishaidl the nematodes.

The higher abundances observed in the rotatiogglesee in the 2-year of K-Mammonth
production after Katambora Rhodes grass and the aktivionth at lower dose of
nematicide suggests that crop rotation may increaskcrease population of nematode
densities in soil depending on the crop and neneaspetcies. The higher abundance of
bacterivores and fungivorse nematodes in the K-Mantm at the lower dose of
nematicide may prompt one to hypothesize that nusnbé bacterivores were able to
recover relatively earlier in the lower dose of aicide applied. This may have been
due to the survival of nematode eggs after nendatiapplication or the dose used was
not effective. However, similar findings have bemported by Ettema and Bongers
(2000) who observed that within 60 days after fuati@n, progression of colonization by
early successional species followed by more-speetilof later successional taxa can

occur.

5.4.2 Trophic structure and genera distribution

The abundance of Rhabditidae was higher after egtpdn of organic amendment and
decreased at the end of experiment. The abunddriCepialobidae reached peak at the
end of experiment. This suggests that there whiglla population of bacteria after the
rains at the beginning of the field trial that eefied higher abundance of Rhabditidae
while Cephalobidae were more tolerant to droughtdmns that prevailed at harvesting.
Also, Cephalobidae have slower development andesse fecund than Rhabditidae. A
succession from one to another is commonly seesr &ftrichment (Odum (1995).
Cephalobidae being a general opportunist with ¢H#g@roduce more slowly which made
them to be more abundant at the end of the fidtdland bacterivorous nematodes tended

to increase with the incorporation of organic ammedts into the soil since bacteria that
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provide a food base are greater after applicatioarganic amendments. These results
validated the second hypothesis of this studydifégrent tomato management strategies
affect the population dynamics of nematode comnesiiand their distribution in the

soil.

The decrease in abundance of fungivores observethantomato experiment after

incorporation of treatments may be related to adfucal operations as these tend to
favour a higher proportion of plant parasitic nemolas Kimpinski and Sturz (2003) and
the reduction in diversity and abundance of freedj nematodes. The abundance of
most families and genera of the free-living nemasothat were observed in the K-
Mammonth production after a 2-year of Katambora d&sograss and K-Mammonth at
lower dose of nematicide, may reflect that KatarmabBhodes grass is a good host of

free-living nematodes.

The generaHelicotylenchus Scutellonema,Pratylenchus and Meloidogyne were
abundant and significantly associated with bothatwo varieties in plots with no
nematicide and those with low nematicide level$iisTsuggests that the populations of
nematodes may build-up significantly in these tabacarieties if their resistance is not
supplemented with nematicide. The lower abundahdéeloidogynespp. was observed
in the K-Mammonth production after a 2-year of Kabkmra Rhodes grass and they were
abundant in the control plots planted with K-Mammforvariety. It implies that
Katambora Rhodes grass is a poor hostgl@bidogynespp. It should be noted that the
situation with the most common RKN is complex. Fapans of M. incognitaraces 1
and 3, for which there is effective resistance,enbeen declining in recent years. In
contrast, populations of race 2 and especially rfgcehich attack the current resistant
cultivars, have increased significantly. Thus, thanging nature d¥1. incognitaand M.
javanica species is complex and imposes challenges in tlee ofisthe ‘resistance’

cultivars (Fortnum, Lewis and Johnson, 2001).

Findings from the tomato field trial also showedttlincorporation of either chicken

manure or Fenamiphos was equally effective in segging Pratylenchusspp. and
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Meloidogyne incognitaand M. javanica species but less detrimental to populations of
Helicotylenchus spp. and Scutellonemaspp. as observed during the end of the
experiments. Consistently high abundancelelicotylenchuspp. andScutellonemapp.
observed at all four sampling dates after treatmeotrporation, suggests that their
populations may be more influenced by factors saghoil properties and environmental
variables. In most treatmentsleloidogyne incognitaand M. javanica were more
abundant in 0 — 15 cm depth while populationsielicotylenchuspp. andScutellonema
species showed significant abundance in 15 — 3(hdime tomato experiment. A study
by Villanave, Bongers, Ekschmitt, Djigal and Caof#901) on reproductive strategies of
Helicotylenchus dihysterand Tylenchorhynchuspp. found that these genera are more
related to natural conditions and preferred sitesature successional status. Davis, Bell,
Watson and Rohan (2004) reported tHaticotylenchusspp. have a wide host range and
have ability to persist in the absence of a hashtpand that makes it difficult to remove
from the soil.Scutellonemapp. are linked with persisters i.e. the abilitystirvive in dry
conditions (Zooret al, 2000).

Low abundance oPratylenchusspp. observed in the field at 0 — 15 cm soil depth
suggests that nematodes being migratory endo-pesasi the root cortex, their low
population in soil could be associated with relathigh nematode numbers feeding in
roots after the tomato crop establishment. Abundari®€ratylenchusspp. was observed
in the Tagetesspp. and Fenamiphos treated plots during the 2008/ season.
Fenamiphos (a non-fumigant nematicide) does noétekjgs of nematodes in soil, but
juveniles become either immobilized or disoriengadl can not find their food source
delaying nematode penetration at the early anditsenseedling stage. It is only when
the effect of nematicide lasts longer that the rtedes can die (Schomaker and Been,
2006). In this studyTagetesspp. lacks consistent effect in the managemenenfatode
genera as reported to perform elsewhere. This whisen raised a need to propose that
any nematode management strategy recommended iparh@f the world should be
tested against the local nematode populations praseanother place before being
recommended as a management strategy. It is gtdifive that thisTagetesspecies has

been tested in Zimbabwe on tomato agro- ecosystdowever, it has been documented
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that the effect offagetesspp. to RKNs is highly variable, depends on thalmoation of
species and cultivar of tAieagetespp. and the species and race of RKNs (Viaenen€oy
and Kerry, 2006). Higher abundance of Cephalobiddeabditidae and fungivorous
nematodes were observed in manure Bagketesspp. treatments. These functional guilds
play a vital role in the management of soil heashthey influence decomposition of
organic matter for minerals and nutrients recyclingfluencing detoxification of
pollutants in the environment, and biological regois of pest spp. (Heterorhabditids

and Steinernematids)

5.4.3 Nematode community and food web indices

Increased interest in biodiversity and the envirentn and the concerns about
maintaining the productivity of agricultural soldy integration of a growing knowledge
of nematodes to soil and ecosystem have resultedwider use of indices. (Shannon-
Weiner H’, evenness J' and Nematode Channel Rationaaturity index (MI). Changes
due to an environmental perturbation, such agyéllaan usually be seen in changes of
nematodes trophic structure. Results from thisystilmbwed that before the incorporation
of treatments, MI values were relative higher inhbplots and decreased after treatment
incorporation. At the end of the field trial, sificantly higher and lower values were
recorded in the control and Fenamiphos plots res@dye. This reflects that Fenamiphos
plots were more disturbed from chemical applicagod incorporation in the soil. A low
value of MI implies degradation of soil properti€esulting low Ml may be due to the
fact that soil disturbance during land prepara@ow during incorporation of treatment
altered the structure of the soil ecosystem, disoating against large and more sensitive
nematodes that are slower to reproduce in favourthoke that are resistant to
environmental stress and with short life span (Kmeki and Sturz, 2003) Agricultural
practices that have a reduced soil disturbancecteffay be expected to show a more
stable nematode community structure with long iogilons for crop health and

sustainability.
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Maturity index (M), structural index (Sl) and eciiment index (EI) values did not differ
significantly among most treatments with an exaepbf the K-RK26 variety with EDB
at 3.0 kg a.i./ha which recorded lowest Ml and Blues. These results suggest that since
most of the treatments showed well structured amtleed food webs, the indices were
more prone to the higher level of the nematicidmtthe disturbance from the Katambora
Rhodes grass rotation and in the control plotss Diservation of the current study has
shown Sl and MI are dependent on the resource fimile of the food web (Ferris,
2010), because the abundance of bacterivores Vomgg and herbivores were also lower
in K-RK26 variety with EDB at 3.0 kg a.i./ha tredtplots. Higher community structure
observed in the tobacco in rotation with Katamb®&iaodes grass and in the low
nematicide dose plots reflect the higher abundafitiee nematodes with high c-p values
that always are prone to agricultural disturbaritesuggests a negative relationship
between predator abundance and the high physisalrdance and biological activities

present between production systems (Sanchez-Ma&leadg 2006).

PPI values were significantly higher in manure pland in the K-RK26 production after
a 2-year of Katambora Rhodes grass and the lovedis¢sy were recorded in the K-RK26
variety with EDB at 3.0 kg a.i./ha plots. The méjopof the plant-parasitic nematodes in
this study were ectoparasites, which are genepallyphagous (Cadedt al, 2005). For
example, generBlelicotylenchusScutellonemaTylenchusand Filenchusare epidermal
root hair feeders (Yeatest al, 1993). Therefore, results of this study undemsdbe
importance of using ectoparastic plant nematodeletiarmining the short term impact of

human activities in various habitats (Freckman Bttdma, 1993).

Soil nematode assemblages have been used as amdlicdt soil conditions with the
underlying assumption that larger, more diverserastages reflect “more healthy” soils
and thus “desirable” (Yeates, 2003). In the tonfattd trial, higher Shannon-Weiner
index (H’) values were observed in the control amhure while the lowest values were
obtained in Fenamiphos plots. These observatiatisdte that organic amendments are
able to stimulate growth of more nematode geneaa ttonventionally managed plots.

Pattison, Badcock, Armour, Moody, Velupillai, Cobohindsay, Gulino and Smith
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(2004) reported H’ values of nematode diversityddoanana field (1.35) pasture (1.97)
and forest (2.07). This means that in soils wheoeenfiood resources are available for the
different genera, a high number of commonly peregiyparasitic nematodes may not
result in high crop damage. Thus, a certain riskevhatode attack can be reduced by the
number of genera present in the soil. Higher geaeeaness (J’) values were observed in
the manure and the plot with residual effecfafetesspp. in the top layers of the soil.
Higher values indicate that they did not supparbamunity that was dominated by few

parasitic nematodes suggesting that the risk ahigavematode problems is lower.

Higher species diversity and evenness observeldeicantrol and in tobacco in rotation
with Katambora Rhodes grass suggests that the royping systems created favourable
conditions for species to proliferate than in otpkts treated with nematicides. Plots of
K-RK26 variety treated with EDB at 3.0 kg a.i./naowed higher values of nematode
channel ration NCR. The rest of the treatmentsroezblower NCR values indicating the
dominance of fungivore nematodes in organic mageomposition and nutrient cycling.
Ferriset al (2001) observed that the changing in soil conditmwards the harvesting of
the crop could result in a switch to a fungal patiiyrobably accompanied by slow rate

of decomposition of organic matter.

Significantly higher EI values recorded from mananel Fenamiphos plots in the tomato
field trial, according to Ferriget al (2001) suggests that a carbon source had been
provided and favourable conditions created for dy@at decomposition. The trend of
decreasing Sl values observed in most treatmemssathe field trial plots indicated less
abundance of predators and omnivores, trophic groighly prone to stress and
environmental disturbances (Feres al, 2001; 2004). Lower values of NCR were
observed in most treatments. With abundance of dments with high C:N ratios in the
rhizosphere, the soil food web will be selected fiangal dominated decomposition
pathways, thus a slower mineralization rate butrgér lasting supply of organic

materials will be available (Wang and McSorle§03).
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5.4.4 Influence of treatment on Meloidogyne sgg.ratio

The determination of the effect of treatment onewjalenile ratio ofMeloidogynespp.
revealed that numbers of juveniles were greatemamure while higher abundance of
males was found in Fenamiphos treated plots. Ireiggnindividuals are capable of
development into males or female based on conditaincertain development stages,
such as temperature (Bull, Vogt and McCoy (1982)fritional status and space
(Colgrove and Niblack, 2005). This finding impli#sat Fenamiphos treatment put the
nematode under stress resulting in more males., Thigurn may result into poor

infection to the crop since males are generally-indective.

5.5 Conclusion

Soil fertilizer amendments and yearly applicatiaan accause changes in the physical,
chemical and biological properties of soil (Tu, &iso and Hu, 2005). Applying organic
amendments has been shown to increase soil mitrabiavity (Liu and Ristaino,
2003), microbial diversity and bacterial densities (VAruggen and Semenov, 2000).
Nematode community structure and trophic structueee affected by treatments. In this
study, the manure treatments had higher abundahdangivores nematodes. This
succession of nematode species plays a signifrcéatin decomposition of soil organic
matter, mineralization of plant nutrients and renticycling (Ferris, Venette and Scow,
2004).

The addition of organic materials to soil infesteith phytoparasitic nematodes (PPNs)
has been clearly demonstrated as a satisfactotyotenethod against these nematodes.
Manure increased both nematode evenness and eenthnideces. This implies that it
promoted the soil which was not dominated with &ingpecies that may emerge as
potential pests. MI being the measure of soilulsnce, it was found to be low in
Fenamiphos treatment. It implies that there was #&bundance of @matodes such as
Mononchidae and Dorylaimidae that are characteridti large-bodies, the lowest

fecundity and longest life spans. They are suddepb soil disturbance such as plowing
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and inputs application and reside in less distudi@ts. Their absence is reflection that
the treatment is deleterious to ecosystem managerReaduction of dbacco after
rotation with Katamboara Rhodes grass showed tgpastgd low abumdance of
Meloidogynespp. and supported higher abundance for freegidpecies that have
significant contribution in soil food web proce3fie impact ofMeloidogynespp to the
tomato crop was much reduced by Fenamiphos bedastenulated differentiation of

more juveniles into males which are non-feedinthetomato.
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CHAPTER SIX

EFFECT OF NEMATICIDES AND ORGANIC MANURES ON
NEMATODE POPULATIONS IN A GLASSHOUSE EXPERIMENT

6.1 Introduction

Root-knot nematodesvigloidogynespp.) are serious and most important pests of many
crops around the world (Trifonova, Karadjova and@eeva (2009). They particularly
damage vegetables in tropical and subtropical cmsn(Sikora, Bridge and Starr, 2005)
and cause losses up to 80 % in heavily infestddsfiKaskavalci, 2007). In addition to
directly affecting a crop’s ability to develop naally, nematodes can interact with other
phytopathogenic organisms to create a disease eantipht may have more devastating
effects than either pathogen individually (Webst985). A short life cycle of six to
eight weeks enables them to multiply several-fafdshe presence of a suitable host.
According to Shurtleff and Averre (2000), in suddalp crops, nematode populations
build up to a maximum usually as the crop reachaturity and in some cases the plants
die even before reaching maturity (Singh and Khur2@07). Application of organic
amendments may affect nematode populations andvingience towards a host crop by
improving plant vigor. This will thereby increasesrstance to attack by promoting soll
microorganism populations which may compete or btagonistic towards parasitic
nematodes (Coosemans, 1982). Effects of organia@ments on nematode populations
vary with nematode species and type of amendmedthave been found to play a major

role in an integrated nematode management progbamocan and Noling, 1998).

Synthetic fertilizers, pesticides, and herbicides amportant inputs in conventional
agricultural systems. Insecticide and mineral liegr applications have been shown to
impact on the diversity and abundance of nemataxsic groups (Yeatest al, (1999).

Inorganic fertilization has also been shown to éase the numbers of free-living

nematodes (Vestergard, 2004). Several reports tlasemented nematode suppression
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by chicken manure applications. For examgg, incognita levels and root galls on
tomato were reduced by the application of chickeanume at the rate of 2 t/ha and
continued to decline with increased applicationesatThis effect was attributed to
nematicidal properties in the manure (Chindo and@riKhl990). It waspeculated the
decline in galling was associated with a correspanahcrease in soil microbial levels as

determined by urease activity (Mian and Rgdez-Kabana 1982).

Although various organic amendments can have eéififeal effects on soil properties and
nematode communities (Nehet al, 2005), all tend to increase availability of merts
such as nitrogen, microbial biomass and abundaricéaoterivore and fungivore
nematodes (Bulluck Ill, Barker and Ristaino, 2002bgrease in organic matter in the
soil increases microbial biomass by providing atarged food base for free-living
nematodes (Ferrist al 1999).

In agricultural production, both physical and cheahiaspects of soil management
practices have both direct and indirect effects mematode communities. Great
insensitivity to indirect than direct effects refle that nematode communities are more
responsive to secondary impacts of management teddy the soil environment than
the impacts of tillage or chemical/nutrients apgplie the soil (Fiscus and Neher, 2002).
Nematodes play a critical role in decomposition anttient cycling (Ferrigt al, 2004).
Free-living nematodes that feed on bacteria andifoontribute as much as 30 8bthe
readily available nitrogen in the soil (Verhoef aBdussaard, 1990) and also promote
rhizosphere colonization of beneficial rhizobaagiKimpinski and Sturz, 2003). Neher
and Darby (2006) observed a negative correlatidwdxn free-living and plant parasitic
nematodes in organically grown tomatoes. Therefame of the major goals of
sustainable agriculture should be to enhance pbvpntaof free-living nematodes, reduce
that of plant-parasitic nematodes (Fiscus and Ne&@5) and reduce soil bulk density
and increase soil nitrogen and carbon supply. Stusly was therefore undertaken to
establish the effect of changes in nematode contreaninder the influence of nematode

pest management strategies in tomato productidersgsin Zimbabwe as follows;
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6.2 Specific Materials and Methods
6.2.1 Site description

Glasshouse experiments were carried out duringened between February 2007/2008
and August 2008/2009 at the Plant Protection Rekdastitute (PPRI) in Harare;

situated at an altitude of 1 483 masl.
6.2.2 Treatments and experimental design

Experiment 1: Influence of Organic Amendment, Neraticide and Depth on
Nematode Communities in Tomato Production

This study was carried out with the following olijee:

e To monitor population dynamics of nematode commesitin tomato
production before and after application of a conwgral nematicide, chicken
manure and a botanical nematicide and to identifg tffect of such
management strategies on their distribution areftaations.

The hypothesis tested was:

» Application of chicken manure, conventional andanital nematicides in tomato
for nematode pest management strategies affectpdipeilation dynamics of

nematode communities and their distribution ingbi

Each plot in the experiment comprised of four, h2-diameter plastic pots, each
containing 1200 crof soil categorized as medium grained clay wite fbllowing

chemical characteristic: pH ¢(B) = 4.8, available 85 = 205 ppm, exchangeable Ca =
6.25 Mg/100g, K = 0.8 Mg/100g, Mg = 1.65 Mg/100g.he soil has was naturally
infested with nematodes. The trial was arrangea iandomized complete block design
with four replications having the following factorBuring the first cropping season
2007/2008, four treatments were tested that indudi¢ Marigold (Tagetesspp.) var.
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Orangeade, (ii) chicken manure (4 g/l soil), @ontrol and (iv) Fenamiphos (Nemacur®
400 EC) applied to the soil surface at the rat8Qff ml in 100 litres of water and plowed
into the pots before tomato transplanting, togethi#h a soil amended by marigold
(Tagetesspp.) var. Orangeade which was grown in the pas plowed at flowering
stage two weeks before tomato transplanting. Duthmg following cropping season
2008/2009, each pot was tested for residual etiethe previous season. One portion
received the (i) MarigoldTlagetesspp.) var. Orangeade, (ii) chicken manure (4 gl),s
(iif) control and (iv) Fenamiphos (Nemacur® as ghevious season and the other portion
was left untreated to test for possible residufgatfof the previous treatment application.
A total of six treatments were tested that includdd with and without Marigold, (2)
with and without chicken manure and (3) with andheut Fenamiphos. Plots were
watered to field capacity prior to transplantingigdy uniform 4-week-old ‘Roma
cultivar’ tomato seedling into each pot. Carba@bfbaryl® 85 WP) at the rate of 27
0/13.5 litres of water was sprayed for the contyblcutworms and locusts. A basal
dressing of fertilizer, Compound D (7 % N, 14 %0f 7 % KO) was applied at
transplanting at the rate of 300 kg/ha (i.e. 3Gfag). Compound D is the recommended
basal fertilizer dressing for tomato productiortte experimental site. Nematode assay
per 300 cri of sub-soil sample from a plot was determinedidreatment application.
Plots were sampled for initial (Pi) nematode popaotabefore treatment application.
Nematode populations were monitored at monthlyrvatls up to 120 days after planting,
when the final (Pf) nematode population was assesthe rate of reproduction of
nematodes as final population/initial populatioff®) and the juvenile/male (J/M) ratio

were calculated.

Experiment 2: Effect of Chicken Manure on the Poplation of Infective Juveniles of
Meloidogyne javanicassociated with Tomato Plant

This study was carried out to test the followingbthesis:

» That chicken manure has an immediate effedVletoidogyne spp.
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6.2.3 Glasshouse culture of Root-knot nematodes

Populations oMeloidogyne javanicavere maintained on tomato var. Roma VF plants in
large concrete bins measuring 0.5 m x 0.5 m iraagflouse. The source of inoculum was
culture requested from the Kutsaga Tobacco Reseitation in Harare and galled root
samples from field experiments and samples recdveddvisory purpose from different

parts of the country.
6.2.4 Collection of Root-knot nematode juveniles

Galled root systems were dug out of the concrets in the glasshouse and washed free
of soil under running tap water. The roots weratbgt into small pieces, about 4 to 5 cm
long, and placed in a petri dish with tap watero(glb ml). Egg masses on the surface of
roots were picked up under a light microscope raagnification of x 250 and placed on
38 micron sieves in a petri dishes with tap watrst pnough to cover the egg masses.
After about 24 hours, the water containing hatcl@&@ctive juveniles (1Js) oM.
javanicawere collected from petri dishes into beakers gladed in a cooler box at’€.
Water in the petri dishes was replaced and cotieatf hatched IJs continued for several
days until sufficient inoculum was collected. Thanbers of 1Js collected was estimated
by counting a 1 ml aliquot in a De Grisse countiigh (Protocal by Sharma and Sharma,
(1980).

6.2.5 Inoculation of 1Js to chicken manure

Composted chicken manure was collected from Lef@amen in Matebeleland South
Province. The results of the chemical analysihefahicken manure were as follows: pH
5.9, organic matter 2.4 %, Ammonia + nitrate = 52pin and F0s = 6.3 ppm. Chicken
manure at the rate of 1 kg/rtilOt’/ha) were mixed into 1 200 énof soil in 12-cm
diameter plastic pots. The pots were kept in ashlagse at a temperatures ranging
between 20°C to 25°C and 6°C to 7°C for maximum and minimum temperatures

respectively. Each treatment was replicated firees. A control treatment with sterilized
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soil and no chicken manure added was included. YAalter incorporation of chicken
manure to the soil, about 2 500-one to five daylddofM. javanicacollected in section
6.2.3 above were inoculated into each pot. Thewldse inoculated by pipetting the
inoculum into small holes dug all over the soilfage in the pots. The holes were
covered with soil immediately after inoculationgoevent drying out of the nematodes.
The experiment was sampled on a three-day intéasib and terminated after 30 days, a

duration presumed adequate for the first generatiorematodes to complete a full cycle.

Experiment 3: Evaluation of Inorganic and OrganicAmendment Practices on
Nematode Communities while Managing Root-Knot Nematdes in
Tomato Production.

This study was carried out to meet the needs ofaif@ving objective:
e To compare the effect of conventional and botaniaaimendements on

nematode communities.

The hypothesis tested was:

» Application of chicken manure, conventional andanital nematicides in tomato
for nematode pest management strategies affectpdipeilation dynamics of

nematode communities and their distribution ingbi

Each plot in the experiment was comprised of fdcm diameter plastic pots, each
containing 1200 crh of soil which was naturally infested with nematsdd hree
treatments were included in the test: soil amenditd soybean cake (4 g/l soil), soll
amended with ammonia nitrate and plot amended wothpound D fertilizer (NPK).
Treatments were arranged in a randomized compksteyl with four replications. The
soybean cakes were incorporated into the soil 4ksvéfore transplanting to allow
proper decomposition before transplanting. A dégrairrigating the plots to field
capacity, uniform 4-week-old ‘Roma cultivar’ tomateedlings were singly transplanted
to each plot. A basal dressing of fertilizer, Compad D (7 % N, 14 % 8s, 7% K0) was
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applied at transplanting at rate of 120 Nkg/ha 6.85 g/plot). Ammonia (3.5 g/plotvas
supplied to atomato crop a week after planting. @aumnd D was the recommended basal
application. Temperatures in glasshouse duringtperiment ranged between 16 and 26
°C. Pots were sampled for initial (Pi) nematode paiinn before treatment application.
Nematode population was determined at month inteqvaéo 90 days after planting when
the final (Pf) nematode population was assessedthdtend of the experiment, the
nematodes reproduction rate was calculated as pio@llation/initial population (Pf/Pi)
ratio.

6.3 Results

Experiment: 1 Influence of Organic Amendment, Neraticide and Depth on
Nematode Communities on Tomato Production

6.3.1 Trend in nematode abundance during the conirtige experiment

In both 2007/2008 and 2008/2009 seasons, the ndmabundance showed rapid
decline within 30 days after treatment incorporatio the control and Fenamiphos
treated plots but later started rising (Fig. 6.4 &®2). Maximum abundance across the
treatments was achieved in the 60-day sampling,tlaectafter the abundance declined

steadily in both treatments towards the end oftieriment.
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Fig. 6.1 Trend of nematode abundance: glasshoysgiment at PPRI (2008). Bars
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Fig 6.2 Trend in nematode abundance: glasshouszimgnt at PPRI (2009). Bars
represent standard errors of the mean

6.3.2 Trophic structure and genera distribution

At the final sampling during 2007/2008 season, dauace of herbivores was
significantly (p<0.05) higher than other guildsal treatments. Altogether, significantly
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(p<0.05) higher abundance of predators was obsarnvdte manure plots. Significantly

(p<0.05) lower abundance of omnivores was recontéite Fenamiphos plots (Fig. 6.3).

Abundance of herbivores was significantly (p<0.0&gher than other guilds in most
treatments at the end of the experiment during season (Fig. 6.4). Significantly
(p<0.05) lower abundance of herbivores were obseinweplots with residual effect of
Tagetesspp. Significant (p<0.05) higher abundance of aowrds was observed in the
manure plots. There were no significant effects@dtments among other guilds.
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Fig. 6.3 Trophic distribution at the end of expezimh(120-day): glasshouse
experiment at PPRI (2008). Bars represent staretands of the mean
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Fig.6.4 Trophic distribution at the end of expengl20-day): glasshouse
experiment at PPRI (2009). Bars represent staretaods of the mean

During 2007/2008 season, the abundances of thdifirg nematodes (Mononchidae,
Predatory Dorylaimidae and Omnivory Dorylaimidaeravsignificantly (p<0.05) higher
in manure in manure pots. Their lowest significaiiundance was observed in
Fenamiphos pots (Table 6.1).Dominant plant parasitic nematodes genera weralynai
Pratylenchus Xiphinema and two species oMeloidogyne M. javanicg and M.
incognita  Occasionally  present  were Criconemoides Tylenchorhynchys
Hemicycliophora Rotylenchulus Trichodorus and HemicriconemoidesNeither of the

treatments had a consistent effect on the abundz#moest dominant plant-parasitic.

The reproduction factors i.e. final population-tatation population ratio (R=Pf/Pi) is an
indication of nematode multiplication. During th8(Z/2008 season, treatments did not
show significant effects on reproduction factors oamh nematode communities.
However, lower abundance for Cephalobidae and Rtdae were observed in
Fenamiphos plots whereas higher abundanc&pbfelenchuspp. was recorded in the
manure plots (Table 6.2).
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Table 6.1 Effect of treatment on abundance of edeagenera at (120-day):
glasshouse experiment at PPRI (2008)

Genu: Contro Manure Fenamiphao Tagete
Bacterivores

Cephalobida 3.9tab 4.5¢€a 3.45%h 3.9zab
Rhabditida 2.81 3.5¢ 2.92 3.0¢
Fungivores

Aphelenchoide 0.5:2 0 0 0
Tylenchu 1.2¢ 1.5¢ 0 0.72
Aphelencht 3.91 4.4z 3.2C 2.8¢
Filenchu: 0.5¢ 0.67 0 1.01
Fungi Dorylaimida 4.1C 4.31 4.11 3.6¢€
Predators

Mononchida 3.6€a 3.87a 0.5¢b 3.64a
Predatory

Dorylaimidae 4.52c 5.20a 3.97c 4.67c
Omnivores

Omnivore

Dorylaimidae 3.88 4.73& 3.4% 4.06b
Herbivores

Helicotylenchu 5.4t 5.8¢ 5.3¢ 5.4¢€
Scutellonem 4.7¢ 5.0¢ 4.9C 4.8¢
Criconemoide 1.3¢ 0 0 0.8¢
Pratylenchu 4.3t 4.2z 4.21i 4.3¢
Xiphinem: 2.3t 0.8¢ 0.52 0
Tylenchorhyncht 0 0 0 0
Rotylenchulu 0 0 0 0
Hemcycliophore 1.6¢€ 1.7¢ 0.67 0.82
M. javanice 4.3: 4.61 3.9 4.31
M. incognite 4.1¢a 4.14a 1.67b 3.6tab

NB: Row means followed by the same letter were ntiicantly different (p=0.05) according to the
Tukey-Kramer HSD test
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Table 6.2 Reproduction factors for nematode geagiiafluenced by treatments:
glasshouse experiment at PPRI (2008)

Genus/ Trophi Contro Manure Fenamiphao Tagete
group

Bacterivores

Cephalobida 1.5t 1.7¢ 0.6¢ 1.2¢
Rhabditida 1.7C 1.5¢ 0.9¢ 1.37
Fungivores

Aphelenchoide 0 0 0 0
Tylenchu 0.3t 0.1¢ 0 0.3¢
Aphelencht 1.64ab 2.3 0.8% 0.3Zb
Filenchu 0 0 0 0
Fungi 0.5¢ 0.3¢ 0.5: 0.2¢
Dorylaimidae

Predators

Mononchida 0.82 0.72 0 1.61
Predatory

Dorylaimidae 2.89 3.21 1.33 1.46
Omnivores

Omnivore

Dorylaimidae 0.89 3.76 1.31 1.45
Herbivores

Helicotylenchu 1.65 1.52 1.82 1.04
Scutellonem 0.97 1.0¢ 1.22 0.8z
Criconemoide 0 0 0 0.4C
Pratylenchu 0.57 0.3t 0.6t 0.3:
Xiphinemi 0.27 0 0 0
Tylenchorhyncht 0 0 0 0
Rotylenchulu 0 0 0 0
Hemicycliophor: 0.6t 0.9z 0 0
M. javanice 3.12 3.41 1.57 1.2¢
M. incognite 2.7¢ 3.11 0.817 1.92
Trichodorut 0 0 0 0

NB: Row means followed by the same letter were rgstiBcantly different (p=0.05) according to the
Tukey-Kramer HSD test

During the 2008/2009 season, plots treated withaf@phos and that with residual
effects of manure had higher reproduction facterGephalobidae, fungi and predatory
dorylaimids (Table 6.3)
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Table 6.3 Reproduction factors for nematode geagiafluenced by treatments: glasshouse experiatd?PRI (2009)

Genus Contro Manure M-Residue = Fenamiphc  F-Residue Tagete T-Residue
Bacterivores

Cephalobidae 0.57bc 0.9%bc 2.2%b 3.2]a 0.84lc 0.5¢%c 0.3Zc
Rhabditidae 0.9t 1.0C 1.07 1.4¢ 1.0& 0.82 0.8¢
Fungivores

Aphelenchoides 0 0 0 0 0 0 0
Tylenchus 0.64 0 0.94 0 1.2¢5 0.1¢ 0.6z
Aphelenchus 0.4¢ 0.4z 1.94 2.3¢ 1.12 1.0z 0.5¢
Filenchus 0.4%bc Oc 0.32bc 0.17c 1.6 1.3Cab 0.6zabc
Fungi Dorylaimidae 0.2%b 1.0zab 2.71a 0.7Cab 2.3Eab 1.41ab 0.7%b
Predators

Mononchidae 0.2¢ 0.4< 0.9¢ 2.2 1.51 0.1< 2.0¢
Predat_ory

Dorylaimidae 1.508b 0.3D 0.3h 2.3 1.18b 0.4% 0.50
Omnivores

Omnivprt_e

Dorylaimidae 2.14 0.74 0.56 2.27 1.59 0.58 1.37
Herbivores

Helicotylenchus 1.3 0.77 1.22 1.5k 1.37 0.74 0.4z
Scutellonema 0.6< 0.8¢ 0.9¢ 3.1¢ 1.1¢€ 1.22 0.61
Criconemoides 0 1.47 0.8¢ 0.4t 0.81 0 0.7¢
Pratylenchus 0.9¢ 0.6¢ 0.8¢ 1.1C 0.8¢ 1.6¢ 0.6t
Xiphinema 0.5t 0.41 0 1.1¢ 0.3t 0 0.2¢
Tylenchorhynchus 0 0 0 0 1.1€ 0 2.0
Rotylenchulus 0 0 0 1.2¢ 0 0 0
Hemicycliophora 0 0 0 0 0 0 0
M. javanica 1.1C 1.54 2.0 0.6z 2.84 0.1¢€ 1.4C
M. incognita 0 2.31 0.5¢ 0.22 1.61 0 0.8¢
Trichodorus 0 0 0 0 0 0 0

M-Residual = Manure Residual; F-Residual = FenawsgResidual; T-Residual = Tagetes Residual
NB: Row means followed by the same letter were ntiicantly different (p=0.05) according to the TBykKramer HSD test
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6.3.3 Nematode community and food web indices

During the 2007/2008 season, treatment had signifieffect on maturity index (Ml)
values. At the final sampling (Fig. 6.5), the cohfplots recorded significantly (p<0.05)
higher values of MI. The significantly (p<0.05) lest Ml was observed in plots treated
with Fenamiphos. Significantly high (p<0.05) PPllues were observed in manure
treatment at final sampling. Fenamiphos pots remmbrdignificany (p<0.005) low H'.
There was no significant difference in J’ was ofsedramong treatments.
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MI = Maturity index, PPI = Plant parasitic indeshannon diversity index, J’ = Evenness index

Fig. 6.5 Community structural indices at the enéxgeriment (120-day): glasshouse
experiment at PPRI (2008). Bars regmestandard errors of the mean

During the 2008/2009 season, during the final samgpMI was significantly (p<0.05)
higher in the control. Significantly (p<0.05) loweralues were observed in the
Fenamiphos plots (Fig 6.6). PPI values were sigaifi (p<0.05) higher in the manure
treatment, followed bylagetesspp. and Fenamiphos. Significantly (p<0.05) lowé&X
values were recorded in the pots with residualctdfef Tagetesspp. InTagetesspp.
treatment, PPI values were high followed by FenamihSignificantly (p<0.05) higher

H’ was observed in the pots with residual effecFehamiphos followed by pots under
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residual effect of manure. The lower values of Heérg recorded in the control.
Treatments showed no effect on the J'.
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MI = Maturity index, PPI = Plant parasitic indek, = Shannon diversity index,
J’ = Evenness index

Fig. 6.6 Community structural indices the end of experiment (120-daglasshouse
experiment at PPRI (200Bars represent standard errors of the mean

The EI values were significantly (p<0.05) higher time Fenamiphos treated plots.
Treatments did not cause significant differenceBladind Sl values on nematode genera
(Fig. 6.7). The nematode channel ratio NCR valueseviower in all treatments in both
experiments and both cropping seasons (Table 6.4).
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Fig. 6.7 Food web indiceat the end of experiment (120-daglasshouse experiment
at PPRI (2008Rars represent standard errors of the mean

Table 6.4 Influence of treatments on nematode rdianatio (NCR): glasshouse
experiment at PPRI (2008 and 2009)

Year Contro Manure M-Residue Fenamiphc F-Residue  Tagetes T-Residue
2008 0.36 0.44 - 0.37 - 0.51 -
2009 0.27 0.28 0.23 0.43 0.15 0.13 0.12

6.3.4 Influence of treatment on Meloidogyne sp@x ratio

The mean male-juvenile ratio dfleloidogyne spp. was significantly affected by

treatment at the end of the experiment (120-dayyirig the 2008 season, significantly

(p<0.05) higher abundance of males was observ#tifrenamiphos plots (Table 6.5).
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Table 6.5 Mean male-juvenile ratio during 120-dayrdluenced by treatments:

glasshouse experiment at PPRI (R008

Species Control Manure Fenamiphos Tagetes
M. javanica 0.1 0.17m 0.8@a 0.0
M. incognita 0.08 0.0 0.6, 0.1

NB: Row means followed by the same letter were ntiicantly different (p=0.05) according to the
Tukey-Kramer HSD test

During the 2008/2009 season, significantly (p<0.M0igher abundance of juveniles were
recovered from control and residual Fenamiphos. eMorales were observed from

Fenamiphos plots (Table 6.6).

Experiment 2: Effect of Chicken Manure on the Poplation of Infective Juveniles of
Meloidogyne javanica associated with Tomato Plant

There were changes in the population of infectiveepiles 1Js with time after
incorporation of chicken manure. There was relatigerease in the abundance of IJs in
the third day after beginning of the experimentbisth the chicken manure and the
control treatments (Fig. 6.8). a significant (p<&).decline in the abundance of IJs was
observed in chicken manure plots on the ninth desampling, and the same decreasing
trend continued towards the end of the experim&dvd@ay) (Table 6.7).
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Table 6.6 Mean male-juvenile ratio during at 129sdas influenced by treatments: glasshouse expetiaté®PRI1 (2009)

Species Control Manure M-Residual Fenamiphos Felvasi Tagetes T-Residual
M. javanica 0.93 0.69 0.71 1.30 0.91 0.55 0.45
M. incognita 0.22 0.26 0.13 0.22 0.08 0.45 0.86

M-Residual = Manure Residual; F-Residual = FenawsdResidual; T-Residual = Tagetes Residual
NB: Row means followed by the same letter were ntiicantly different (p=0.05) according to the TBykKramer HSD test
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Fig. 6.8 Population change bfeloidogyngavanica(lJ) juveniles treated with chicken
manure: glasshouse experiment at PPRI (2009)

Table 6.7 Effect of chicken manure on populationsity infective juveniles (1J) dfleloidogyne
Javanicaglasshouse experiment at PPRI (2009)

Day Treatmer Treatment effe
Contro Manure

0-day 250( 250(

3-day 231¢ 229( Ns
6-day 225¢ 217 Ns
9-day 151¢ 100z o
12-day 127¢ 82¢ *
15-day 133t 68C o
18-day 128: 501 e
21-day 1221 31€ o
24-day 118¢ 18C o
27-day 113¢ 114 o
3C-day 109t 99 i

p-values are between treatment effect. *: p< 0t8p< 0.01, n.s.: p > 0. 05
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Experiment: 3 Evaluation of Inorganic and Organic Amendment Practices on
Nematode Communities while Managing Root-Knot Nematdes in

Tomato Production

6.3.5 Nematode abundance and population dynamics

The trend for nematode population dynamics is mtesein Fig. 6.9. In all treatments
with the exception of control plots, nematodes aamces were significantly higher in
the 30-day sampling compared to the initial sangplprior to treatment application.
Soybean cake application had the highest nematanl@sdance followed by the control
treatments. The pick abundances were observeciBQiday sampling. The nematode
abundance in the ammonia treatment showed quidkndegithin 30 days after treatment
incorporation and showed slow growth with the lotnssundance towards the end of the

experiment.
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Fig. 6.9 Effect of treatments on nematode poputadynamics: glasshouse
experiment at PPRI (2009). Barsespnt standard errors of the mean
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6.3.6 Trophic structure and genera distribution

Abundance of herbivores was significantly (p<0.0&gher than other guilds in most
treatments at the end of the experiment (Fig. 6.10)organic fertilizers negatively
affected the abundance of fungivore nematodes. niffigntly (p<0.05) higher

abundances of fungivores were observed in soybalie treatment followed by the
control plots. The soybean cake had higher abwedai bacterivores in the last
sampling. Significantly (p<0.05) higher abundandeomnivores was recorded in the
control and soybean treatments. Soybean cakerieeatrecorded significantly (p<0.05)
higher abundance of predators.
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Fig. 6.10 Influence of treatments on trophic godfstribution: glasshouse
experiment at PPRI (2009). Bargesent standard errors of the mean

Bacterivores were identified ias belonging to twamilies as Rhabditidae and
Cephalobidae; while one fungivore family group ifengi Dorylaimidae and genera
Aphelenchus, Filenchend Tylenchusvere identified in the study (Table 6.8).
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Table 6.8 Influence of treatments on reproductamtor for nematode genera:

glasshouse experiment at PPRI (2009)

Ammonie Contro NPK Soybean Cal
Genusl/trophic group
Bacterivores
Cephalobida 1.1¢F 1.21 1.27 1.4¢
Rhabditida 0.9¢ 1.1: 1.15 1.14
Fungivores
Tylenchu 0.8lab 1.1Cab 0.1&b 1.5Ja
Aphelencht 0.81 1.01 0.72 0.91
Filenchu: 0.4¢ 0.0C 0.6¢ 1.7¢
Fungi Dorylaimida 0.67c 1.14ab 0.8¢hc 1.4z
Predators
Mononchida 0.8¢ 1.82 0.9: 0.6¢
Predatory
Dorylaimidae 0.18 1.96 0.62 1.91
Omnivores
Omnivore
Dorylaimidae 1.01 1.31 1.18 1.47
Herbivores
Helicotylenchu 1.0z 1.0z 1.07 0.9¢
Scutellonem 1.0z 0.9¢ 0.9t 0.8¢
Criconemoide 0.C 0.54 0.2¢ 0.C
Pratylenchu 0.81 0.72 0.5¢ 0.71
Xiphinemi 0.8: 1.0¢ 0.52 1.1c
Tylenchorhyncht 0.1¢b 0.72b 1.94a 0.8%b
Rotylenchulu 0.C 0.C 0.C 0.C
Herricycliophore 0.3lab 0.54ab 1.0%a 0.Cb
M. javanics 1.1¢ 1.5t 1.61 1.44
M. incognite 0.32 1.0¢ 1.52 0.C

NB: Row means followed by the same letter were ntiicantly different (p=0.05) according to the

Tukey-Kramer HSD test
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Predators and omnivores identified belonged to Mechaae, predatory Dorylaimidae
and omnivore Dorylaimidae family. Plant parasitigenera observed were
Helicotylenchus, Scutellonema, Pratylenchus, Crmeooides Tylenchorhynchus,
Xiphinema Rotylenchulus Hemicycliophora and Meloidogyne javanicaand M.
incognita Results showed soybean cake had higher reprodutdactor for most free-
living nematodes. Most plant parasitic nematodesveld higher reproduction factor in
the NPK fertilizer plots. Higher reproduction facgonvere observed iHlemicycliophora
spp and significantly (p<0.05) higher values wasesbed inTylenchorhynchuspp.
respectively. These genera are not considered tagtd pests in tomato production in

the study area.

6.3.7 Nematode community and food web indices

At the last sampling, the control pots recordedificantly higher MI, PPI, H' and J’
values. Soybean plots had significantly lower P&tugs (Fig. 6.11).
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Fig. 6.11 Influence of treatments on the commusityctural indices: glasshouse
experiment at PPRI (2009). Barsespnt standard errors of the mean
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At the end of the experiment, soybean plots hadifsaggntly (p<0.05) higher El values.
There was no significant effect of treatments amotigr indices (Fig. 6.12). Nematode
channel ratio (NCR) was higher (i.e. 0.56) in ammaglots. Other treatments had lower
values of less than 50 % (Fig. 6.13).
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Fig. 6.12 Influence of treatments on the food wehdes: glasshouse experiment at PPRI
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6.4 Discussion

Trend in nematode abundance

The temporal analysis of nematode abundance shews&dong fluctuation during the
study period. In the experiments, the abundanceeofiatodes in the Fenamiphos and
Ammonia treatments was observed to decrease dgihgtittiring 30 days after treatment
application. The decrease in the abundances masdeciated with toxic compounds
released to the rhizosphere during mineralizatiothe fertilizer. Fertilization may affect
free-living nematodes which are prone to envirortaemollution resulting to the
reduced abundance and diversity. The repellentr@atfi the ammonium radical can
affect soil invertebrates adversely (Porter, 199Bpwever, the accumulation of heavy
metals due to repeated fertilizations may kill omonous and predaceous nematodes
(Weiss and Larink, 1991), resulting in reduced neat@ abundances

The nematode abundance in the control, manurejuasmanure, residual Fenamiphos,
Tagetesspp and residualagetesspp. treatments picked up during 30 days after
treatment application, and later declined steatblwards the end of sampling. This
observation suggests that time had an effect oratwtas abundance. This may result
from ageing of host roots which makes it diffictdt juvenile penetration for food and
development, and water might have been a cruatébifahat influenced such population

dynamism as the soils were dry at the last two $aggpfollowing cessation of rains.

The decreasing abundance of [J$/bfjavanicawith time observed in both treatments, it
can be hypothesized that the decrease in abundéde observed in both treatments in
the 3-day and 6-day sampling was due to chemiealized from slow decomposition of

the chicken manure and some 1Js failing to adapheoenvironmental conditions after

inoculations. For the significant decline in theualances of 1Js observed in chicken
manure plots implies that by 9-day after manureiperation, it was able to suppress
about 39 % of the initial population. AlternativeBoil quality was negatively affected by

chicken manure through the increase of soil acilitgt thereby adversely affecting the 1J
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populations. However, this finding did not suppibi working hypothesis of the current
study that manure application will immediately dssse the 1Js population ofl.
javanica Wang and Chao (1995) reported that the pouitayiure can alter soil physical

or chemical properties that kill or repel the newdat juveniles.

Trophic structure and genera distribution

The higher abundance of Rhabditidae and Cephalediges observed in Fenamiphos
treated plots. This is probably due to the mulktgion of populations which survived in
the soil after the application of the nematicidee3e nematodes were able to exploit the
niche after elimination of other groups followingstirbance by the nematicide. The
large number of bacterivores found in fumigatediplagrees with findings by Yeates,
Bamforth, Ross, Tate and Sparling (1991), who ofeskthat bacteria can survive in
spaces of 2.5 — 6.0 um in diameter, which are g@dgeunaffected by moisture
fluctuations and not penetrated by fumigants. Highleundance of fungal feeders and
bacterial feeders observed in the soybean caks plggests that the increase might be
attributed to the availability of their food subtés. Bacterial feeders are more favored by
low C:N ratio substrates while material with higiNCratio stimulates populations of fungal
feeders. The higher abundance of these guilds ndigate some level of succession in the
soil food web.

After treatment application, the abundance of pr@daand omnivores declined before
increasing towards the end of the experiment. Timeseatode guilds are large-bodied
with the lowest fecundity and the longest life &@mong soil nematodes. They are
generally considered to be susceptible to soilupleation in intensively managed soils
and by pollution of soils with pesticides such asaticides. This can give an insight to
the lower abundances of these guilds in the sdit®eved in this study. Omnivores and
predators are well known for their role to the faweb by feeding on more than one food
source (Coleman, Reid and Cole, 1983) and are ftapdesent only a small portion of

the total nematodes in agricultural ecosystem (Nelmel Campbell, 1996). The higher

abundance before the commencement of the expesngiggested the presence of fungi
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decomposing crop debris of the previous seasonsisaih their abundance towards the
end of experiments is probably indicative of thesgnce of complex substrates available
in the rhizosphere at the end of growing seasomireg fungal activity for their
decomposition. These findings are in agreement Wéfriset al (2001) who reported
that fungal nematodes only become prominent as laghbon labile substrates
accumulate in the habitat as biomass of matures fe@tome abundant in the rhizosphere.
According to Yardim and Edwards (1998) the densitéomnivores and predators may
be decreased by agricultural management duringrh®ing season and may picked up
later due to high population of herbivores and &@ebres along the growing season.
Such observations, partially explain the constaw labundance of predators and
omnivores in the glasshouse experiment. It mightvhs being influenced by fluctuating

populations of bacterivores and some herbivoremduhe growing season.

In the experiment 1, the populations of herbivaxese high acroo the treatments during
the sampling period. This implies they were propatbnnected with increased root
biomass of the growing crop. In this study, domingenera wereHelicotylenchus
ScutellonemaPratylenchus Xiphinema Meloidogyne javanicaand M. incognita and
occasionally Criconemoides Tylenchorhynchys Hemicycliophora Rotylenchulus
Trichodorus These findings on the abundance of the generainaggreement with
dominance of these genera in Zimbabwe as earlparted (Paget al, 1985). Another
study by Kandji, Ogol and Albrecht (2002) reportedt though generielicotylenchus
and Scutellonemare monovoltine species (one generation per yaas) Wwere found to
be dominant in agricultural lands. The higher alauno#@ ofMeloidogynespp. that was
observed in both experiments support findings hyyPe&nd Moens (2006) who observed
that for nematodes with more than one generationypar, populations can increase
tremendously within a short period of time in theegence a of suitable host. Also
findings by Wanget al (2004) hypothesized thiteloidogynespp. andParatrichodorus
spp. nematodes may have been more abundant in-habitats where plant roots might

have taken up soil nutrients thus resulting in log@l nutrient concentrations.
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Although abundances of dominant genera of plaragiac nematodes were not affected
significantly by treatments, abundanceslgfenchorhynchuandHemicycliophorawere
significantly increased by the NPK fertilizer comgé to the control plots. The genera
Helicotylenchus, Scutellonema, Meloidogyne javamicd M. incognitain that order of
population densities, were observed relatively érgh NPK fertilizer plots. The result
suggests that NPK fertilizer supported higher rdpotion factors for plant parasitic
nematodes than the rest of the treatments. AcaprtinYeates (1987), generally the
density of nematodes increases with plant proditgtand is related to nutritional quality
of plants in terms of tissue-nutrient concentratifingchun and Cheng (2007).
Plowright and Hunt (1994) observed thilt incognita density was influenced by
fertilizer application in upland rice. The nitroganoh seedlings are attractive food
sources for young nematodes (Mattson, 1980) and paréicularly vulnerable to
infestation by nematodes or other pathogens (Maes¢hl995). On the other hand,
mineral fertilizers are known to be the reason gofter plant tissues as carbon and
carbohydrates are diverted to protein synthesigausof cell wall construction (Akhtar
and Malik, 2000), which make plants more susceptiblphytoparasites (Tsiafowt al,
2007). Phosphorus reinforces plant tissues, pgssibhtributing to extensive root
biomass production that provides more food for ppgtasite nematodes (Coyne, D.,
Gorres, M. C. and Amodor, 2004). In a nutrient clefit experiment, Quraishi (1985)
observed that omission of potassium element inveadl associated with lower population
of Pratylenchus zea@ grape vineyards. This suggests that some nelestmay be

more abundant in the presence of potassium elements

Nematode community and food web indices

The MI is a measure of sensitivity of high c-p \ehematodes to physical disturbance.
There was less soil disturbance in the control splittan the rest of the plots that
treatments were incorporated. Reduced disturbammevesi higher values for the
nematodes structural indices than where the salfvesguently disturbed. In Experiment
1, PPI values increased with sampling time and wigaficantly higher in manure plots.

These values are determined by the vigour of thast plants which in turn is determined
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by system enrichment. Consequently, under pooriamiticonditions often associated
with a high proportion of Tylenchidae (c-p), thelues are lower than under enriched
agricultural conditions. This is an inverse resgoas M| to enrichment (Bongesest al,
1997). The plant parasitic index (PPI) is generatipsidered to be higher in the nutrient
enriched conditions because it is affected by thst ltonditionsin the Experiment 3,
higher PPI was observed in the control treatmertiss was not expected because PPI
values are normally higher in soil that has beeicked. The highest El value observed
in soybean cake plots is an indication of the raspoof primary decomposers or
enrichment opportunists like Rhabditidae towardsl#bile organic material (Ferris and
Matute, 2003) that might be associated with appiegbean cake.

The Sl value provides information about the levalstrophic links indicated by the
abundance of high c-p value nematodes mainly omoigand predatory nematodes in
the soils. This study revealed that SI was lesssiBea than El in detecting the
differences among the treatments. Nematode chaatiel NCR indicates predominant
decomposition channels in the soil food web (Bamiyddin, Tomar and Ahmad, 2007).
It was observed that all the habitats had modegragetiched food webs with low Els
ranging from 0.24 to 0.41 with the exception of taemmonia plots that recorded higher
0.56 values. When the field is organic enriched fangivorous and bacterivorous
nematodes exploit the abundant resource (fungilkeuderia), and increase rapidly in
abundance due to their short life cycles and hidgeeundity (Bongers, 1990). Lower
values of NCR indicates slower, fungal-mediated;odgposition pathway (Wang and
Sorley, 2005). It is possible to suggest on theenlaions of this study that; soil nutrients
can influence nematode infestation in tomato prodocand abundance of some

nematode genera can be used as an indicator ofigaénts status.

Influence of treatment on Meloidogyne spp. sexrati

Fenamiphos treatment influenced the abundance & M@oidogynespp. This implies
that the Fenamiphos treated plots created unfaleratndition for the growth and
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development of théleloidogynespp. resulting in more males. This, in turn wowdduit

in the crop being less infected since males arergdg non-infective.

This study found Fenamiphos to be effective morereducing the abundance of
nematodes in the glasshouse experiment than ifigloeexperiment. This might have
been attributed to the micro-climate conditionsrefluced wind speed control from
excessive watering from rains. Field observatisometimes are complicated as the
nematodes have a wide host range and can maintdiaridensities on weeds and even

cut roots (Sikora and Fernandez, 2005)

6.5 Conclusion

Nematode management strategies altered nematodenwdties in different ways.

Management regimes lead to the gradual decline loftoparasites from organic
amendments in favour of bacterivores and fungivoRtant parasitic nematodes were
more in NPK fertizer plots and communities were endiverse in control treatments.
Alterations in the generic structure of the comnymiere also revealed, driven mostly
by the trends of increased in abundanceHeficotylenchusspp., Scutellonemaspp.

Seasonal agricultural practices appeared to incincet-term responses of functional

guilds of lower c-p values, and were reflectedlimamatodes indices studied except SI.

Organic fertilizers are expected to favour bacteg and fungivores, since they act via
the microbial soil component. Feeding activity loése groups stimulates decomposition
and nitrogen mineralization in the ecosystem. Gndther hand, mineral fertilizers are
known to be the reason for softer plant tissuesaalsohydrates are diverted to protein
synthesis instead of cell wall construction (Tigdaind Nelson, 1975), which makes

plants more susceptible to phytoparasites
The juvenile: male ratio of thigleloidogynespp. was altered by treatments. More males

were observed in Fenamiphos treated plots. Reakonthe marked increase in the

number of males are unclear, it is more likelyt ttiee relatively greater abundance of
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males in the Fenamiphos plots is indicative ofssteel or resource limited environment to
the juveniles or a change in nutritional qualitydi¢tary substrate (Boag and Thomas,
1977). However, assigning community effect to agleiredaphic factor is uncertain as
Moens and Vincx (2000) commented that studying Isirfgctors did not take into
account the complex interactions between manyeathotic and biotic components of

the cultivars.
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CHAPTER SEVEN

GENERAL DISCUSSION, CONCLUSIONS AND
RECOMMENDATIONS

7.1 General Discusion

This study evaluated the effects of land managémsgstems under varying soil depth
and practices for management of root-knot nematodethe dynamics and composition
of the nematode communities. The relations obsebstd/een nematode communities
and plant inputs increased understanding on tHeeinfe of agricultural intensification
on below-ground agroecosystem properties in genanal nematodes in particular.
Abundance of bacterivores was much higher in thel® cm depth which leads one to
suggest that they were influenced by food availgbiThe observations from the current
study concur with other reports of (Liaegal, 2005) that most nematode families and
genera were abundant in 0 - 15 cm depth, and aédistribution of most nematodes are
influenced by land use and suitability of factausls as temperature, moisture regime and
pore size distribution. Sohlenius and Sandor (198uygested that bacterivoous
nematodes are adapted to stable food supply afedatite in their vertical distribution is
probably caused partially by differences in veltidastribution of their food sources.
Population densities of many nematode trophic gspuparticularly bacterivores,
fungivores and predators correlate positively wathil nutrients (Wanget al, 2004),
while herbivorous nematodes (maifeloidogynespp.) correlate negatively with most
nutrients and are found more in low nutrient soilsvhere previous plant roots might
have taken up soil nutrients (Bouwmetnal, 1993). Some nematodes are susceptible to
environmental disturbances and reside in less rihstu soils at the shallow depths.
Nematodes in guilds Mononchidae, Dorylaimidae argd-bodied, and have the lowest
fecundity and longest life spans of soil nematodésey are susceptible to soil
disturbance and are often absent from disturbedlutpd or intensively managed

environments (Bongers, 1990).
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A relationship between nematode communities’ distion and management practices in
agro ecosystems were observed in this study. Teehinematode abundance observed
in the agricultural soils is consistent with obsgions by Neher and Campbell (1996)
who concluded that bacterial-feeding nematodes agc@Gephalobidae and Rhabditidae,
and plant-feeding nematodes are mostly abundardgnicultural soils. Omnivorous
nematodes such as some Dorylaimidae (Neher and I&dInd996) and predatory
nematodes (Moore and de Ruiter, 1991) make up & poréion of the total nematodes
in agricultural ecosystems but add significantlythe soil food web through feeding on
more than one food source (Colenarel, 1983). In this study, higher bulk density was
observed in ago-ecosystem soils than soils fromamot Gardenss. This result may
reflect the difference in agricultural intensifizat between the soils. Intensive
cultivation in the agricultural ecosystem has re=iilinto compacted soil with reduced
pore spaces that are vital for taking water andfaimeeded by plants for their food
manufacturing. Armendariz and Arpin (1996) noteghleir bulk density of soils in agro-
ecosystems characterized by small pore size disiwib and low water holding capacity.
Lower populations of nematodes were found to camsee damage in a soil with poor
water-holding capacity than in one with good wdtelding capacity (Chen, Chen, and
Dickson, 2004).

Nematodes play a significant role in decompositbblerganic matter and mineralization
of plant nutrients (Neheet al 2005). Although abundances of nematode commasnitie
were not significantly different before applicatioof treatments in the tomato
experiments, the abundances changed after thecappii of the treatments. The greater
abundance of bacterial feeding nematodes inTihgetesspp. and manure plots was
related to the organic matter incorporated intogbié Freckman and Ettema (1983) also
observed significant greater numbers of bactegatling nematodes in organic than in
conventional farming systems a month after toma#s wlanted. In this study, in the
Fenamiphos treated plots, bacterial feeding neneatodere dominant at the first
sampling after treatment incorporation; at the Emhpling Fenamiphos plots had the

lowest abundances of nematode communities thameinrganic and untreated plots. The
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observation leads to suggested that the multipicadf surviving nematodes between the
completion of nematicide application and the follogvsampling could have contributed
to the increased abundance of bacterivorous nemstticht was observed. A previous
study by Chavelier and Webster (2006) has showrpaeah population increases for

some opportunist bacterivores only three days #ftetreatment of soils by Fenamiphos.
Yeateset al (1991) observed values of mineral N higher inifyated soils (after 14 days

of fumigation) than untreated soils due to mineatlon of substrates liberated from
organisms killed by methyl bromide, and suggeshed ttheir diversity could provide a

useful medium term assessment of soil ecologicaivibes following major soll

pollution or disturbance.

Findings from the effects of organic amendmentsedrgents were both promising and
inconsistent. In this present study, the effeciTagetesspp on most plant parasitic
nematodes was not consistent. It caused higheodaption factors for the genera
Helicotylenchusand Scutellonemaand lower forMeloidogynespp. These observations
tally with a previous report by Karsen and Moen80@&) that effect offagetesspp. on
populations ofMeloidogynespecies was highly variable. In glasshouses, 1&elénd
Cheifa (1997) reported thdtagetes erectagrown 2.5 months prior to planting tomato,
reduced root-knot density, whereas El-Hamawi andh&need (1990) observed that
planting T. erectatogether with tomato had only a slight effect alligg and had no
effect onM. incognitainfections. French marigold;agetes patulareduced populations
of Rotylenchulus reniformigKo and Schmitt, 1993), whereak erecta increased
populations of these nematodes (Wang, Sipes anchi8cB001). This discrepancy may
suggest that the efficiency of marigolds on plaaagitic nematodes will depend on the
combination of species and cultivar dagetesas well as species and the race of
nematode. Although marigolds help to reduce neneatpdpulations in agricultural
systems, using them as intercrops is discouragee shey compete for soil moisture and

nutrients in young crops (Gnanapragasam and Mo260i5).

General observations based on this study, showetdotiganic amendments stimulated

populations of free living nematodes and were lesssistent on plant parasitic
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nematodes. These results are supported by prevbmesvations by (Viaeret al, 2006)
who agreed in general that organic amendment atlic to soil improves crop
production, primarily through improving soil ferty, and has a significant effect on the
chemical, physical and biological properties of Hwl, and can lead to reduced plant
parasitic nematode densities. However, their effattnematodes can vary with the
nematode species, type of amendment, its contehfieagth of time after application
(McSorley and Gallaher, 1997).

Despite the fact that there are few pests with momahost range, crop rotation with
plants that have narrow host ranges, has provedhpartant component in managing
plant parasitic nematodes (Turner and Rowe, 200&)sta, Roman, Vicente and Sachez
(1991) demonstrated that the yields of tomato ffmtads previously planted with maize
were significantly higher than those from continsidiomato or tomato treated with
granular nematicides. In this study it was obsertred a continuous tomato cropping
system had the highest number of nematodes than avh@mato crop followed a fallow,
whereas the lowest number of plant parasitic nedestovere recorded in a fallow. These
results add to the findings of McSorley and Galtafi994) who observed reduced
nematode population densities and increased ce@tdsyafter land fallowing. Increased
nematode populations in the cropping system tommfio tomato may be the influence of
plant status and phenology than soil propertiesa¢B@z-Morenoet al, 2006). Total
nematode abundance and proportions of plant p&rasématodes increased with
disturbance (Neheat al, 2005) and when a narrow range of crops was g@dbfidesaeger
and Rao, 2000).

Use of plant host resistance provides an improveddhad of managing root knot
nematode in tobacco production. The populationdefoidogyne incogniteand M.
javanicaable to reproduce on tobacco plants carrying thedgistance gene have been
reported (Ornat, Verdejo-Lucas and Sorribas, 2001¢. durability of resistance has been
shown to be enhanced when multiple genes for eegist are used together to reduce
selection for virulence (Wilson, Gates and PanvZ®01). However, repeated use of

resistant cultivars againsiMeloidogyne incognitaand M. javanica may result in the
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selection of virulent races in these species themsmdering the resistant cultivars
susceptible (Sikorat al, 2005).

In this study, tobacco in rotation with Katamboraodes grass had higher abundances of
most families and genera of free-living nematodhes tother treatments. Supporting the
the same observations, Viaeeé al (2006) reported that grasses and cereals were
generally poor hosts dfleloidogynespp. and were often successful in redudiig
javanica and M.incognita When some of these crops and grasses are inabeganto
soils, they produce or release nematoxic compowpads decomposition, resulting in
biofumigation. Shepherd and Barker (1990) workimgdbacco fields in Zimbabwe also
observed the reduction in population BE. javanica in tobacco intercropped with
groundnuts. The study observed considerable diffsgs in nematode community
abundances when different levels of ethylene dilsiemvere used in the experiment.
Low nematode abundances were recovered in the migtmaticide dose i.e. 3.0 kg
a.i./ha than in the 1.5 kg a.i./ha plots. It is gatly accepted that the currently
recommended doses usually inhibit nematode a&sviti the soil or roots for a limited
time period, and at the end of season the finaljadjpns are often equal to the levels
attained without chemical treatment (Siketaal, 2005).

Fertilization is reported to influence the popuatiabundance and composition of
microbials in soils. This outcome may be a restifaotors such as fertilizer quality and
guantity (Neher and Barbercheck, 1999). High repctidn factors ofMeloidogyre,
Tylenchorhynchusind Hemicycliophoraspp. were observed in the NPK fertilizer plots.
The same observations were reported by Verhoef Bodsaard (1990) who found
addition of potassium in soil to be associated wittreased reproduction rate of several
nematode species, such a&Bylenchorhynchys Pratylenchus Meloidogyne and
Rotylenchulusand excessive potassium facilitated the penetraif juveniles into host
plants (Yingchun and Cheng, 2007). In this studhg population of thévl. javanica
predominated oveiM. incognita in most experimentsMeloidogyne javanicawas
reported to be dominant and more abundant thars rathkl. incognitabecause of its

greater reproductive efficiency (Khan and Haide@91). More adult males of
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Meloidogynespp. were observed in the Fenamiphos treated ploitsh suggest that the
nematicide stressed the nematode communities implttse. These observations add to
previous findings by Karssen and Moens (2006) that proportion of males in a
population varies according to plant host and tngrenmental conditions. Food supply
may be an important factor as males are more almtinsh@er adverse conditions. Under

such conditions, male juveniles can become aduotislzese are generally non infectious.

Nematode community structure indices reflect chanige soil conditions, and have
promise for monitoring the ecological condition swils (Neher and Campbell, 1994).
The current study recorded higher maturity indexX)(M less disturbed soils, concuring
with Bongers (1990) and Bongeet al (1997) who reported that Ml decreasd with
increasing disturbance i.e. cultivation, nutritimnd chemical application. Plant parasitic
index (PPI) is comparable to MI but only computed plant parasitic nematodes. The
values were low under poor nutrient conditions Whgan inverse of the response of the
MI to enrichment. A high structural index (Sl) isdied nematode communities rich in
predators and omnivores, trophic groups associattdlow stress and low disturbance
environments, according to Ferasal (2001; 2004). The study observed the enrichment
index (EIl) to vary inconsistently with differeneatments suggesting that it was related
to the varying levels of disturbances and enrichtrmegimes in the different nematode

management strategies.

During decomposition of organic matter with a lowNCatio, populations of enrichment-
opportunist bacterivorous nematodes i(Bguild) increased rapidly in response to
additions of low C:N substrates. Nematode chamagb (NCR) selected bacterial
dominated decomposition pathways which is charaet@rby rapid nutrient availability
for the crop. In pots where higher C:N ratio sudists dominated, NCR selected fungal
dominated decomposition pathways, thus a sloweeralization rate but a longer lasting
supply of nutrients to the soil, that is more daslie (Wang and McSorley, 2005).
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7.2 Conclusions

The broad interest of this study was to identifynaigement practices for nematode pests
affecting tomato production in Zimbabwe with spéciaterest on evaluating and
promoting strategies and tactics that are centréhe¢ir management thereby resulting in
sustainable agro-ecosystems. This study has iretaasderstanding of specific ways in
which environmental factors within human managemesgimes altered nematode
communities while suppressing root-knot nematodedifferent tomato production
systems. Use of soil nematodes and the indiceveatkrirom the analysis of their
community structure have demonstrated that changesoil management are either

beneficial or deleterious to the soil ecology.

Findings from this study revealed that the majoritfy nematode communities are
recovered between 0 — 30 cm depth. This study oded that sampling deeper than the
30 cm used by the current study was a wasted efftrich may be unjustifiable unless
objectives require assessment of deep-dwelling teeea. It was observed that increase
in soil disturbance i.e. cultivation, organic mat@endment supported high abundance
of nematode communities. This could be attributethe increased feeding sites for the
nematodes because many roots are produced by dupgo fertilizer application.
Intensive agriculture that was characterized by eoorpping was observed to support
higher abundance of plant parasitic nematodes eshaced species diversity compared to
the less disturbed soils. This study noted supmessf numbers of plant parasitic
nematodes by composted manure and supported laghedances of free-living genera.
The population of most plant parasitic genera chseng the growing seasons indicating
that none of the treatments affected the populdiighd-up for a long time. This reflects
that the profitable cultivation of the susceptiltiest after organic amendments and
Fenamiphos soil treatments which are some of thategies recommended for
management of root-knot nematode populations isiplesonly for one season with no

advantage of residual effects for the subsequeppang.
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Well-managed crop rotations result in better usaufients, improved soil texture and
control of some of the soil pathogens, nematodesveeeds. For successful nematode
control using crop rotation, the nematode hosteangluding weeds, must be known for
significant reduction in their populations and #om economic production of the crop.
Crop rotation that involves use of non-host plamisst adapt to the practices of the
grower and easily marketable. The principle of omhhg nematodes by leaving fields

fallow is related to the fact that plant parasitematodes populations will decline in the
absence of food. In order for fallowing to be efiee as a nematode control strategy,
farmers need to have sufficient land to enable therfallow part of it for extended

periods. This is usually not a viable option fombiabwe’s smallholder farmers whose

average land holding is about 3 acres.

Tagetesspp. and soybean cake were observed to stimiataliundance of free-living
nematodes in the current study. However, us€agfetesspp. and soybean cake is likely
to be adopted as management strategies for rodtrdermatodes in vegetable Gardenss
by smallholder farmers in Zimbabwe. Large quargitif soybean cake are locally
available annually of which portions can be utidiz@ amend soil to reduce root-knot
nematode infection in vegetables and increase @emuth. Tagetesspp. are readily
available growing in diverse habitats. Smallholgiglosistence farmers often have limited
land on which to grow their crops, inclusion Tdgetesspp. in intercropping to control
nematodes will be a viable option rather than wparotation or relay cropping. Use of
host plant resistance is an important part of nedetnanagement programs, and when
available, is not a universal solution for nematodi@nagement as most examples are
highly specific which can lead to selection pressfmom those not targeted. For
subsistence agriculture, host plant resistancetplare of little significance to farmers
due to their unavailability and costs associatetth Wiem because new seeds need to be

purchased in each season.
Nematicides are applied primarily to limit damageptants by reducing the number of

nematodes invading plant roots. In the currerdysttreatment with Fenamiphos reduced

the abundance of all nematode communities and pbtpos of fungivores and
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omnivores remained the lowest at the last samphngotable population recovery was
observed for bacterivores and plant parasitic nedest The population rise of the
nematodes suggests that there was resilience of sematode communities driven by
their higher fecundity and probably due to suppogssof their natural enemies.
Fenamiphos, a non fumigant which was used in tlhudysproved to have less residual
effect on the soil as populations of nematodes Viered to increase towards the end of
the season. Uses of nematicides needs proper hgraflithe chemical and are toxic to
human and environment. Although either practi@nalimproves yield of many crops,
there are undesirable features associated with pemttice have been outlined. This
observation is necessitating the development ash programme for the management of
any pest with the judicious selection of those labde¢ management techniques which are
appealing to the environment and with overall ecoico soundness the farming
community (Barkerand Koenning, 1998).

The results of this study supported the objectifeuging nematode communities to
monitor soil health. It is proposed that in monitgr soil health status in agricultural
soils, an entire nematode community has to be dersil as part of the program.
Contrary to the past where strategies for nemapedé management in crops focused on
key plant-parasitic species, in recent years, raaarce of plant health and sustainable
agro-ecosystems has broadened to encompass alhictrggroups of nematode
communities (plant parasites, bacterivores, fungispomnivores, and predators). Thus,
the approach of this study looked at nematode camtres as both pest and beneficial
arthropods. They are pests due to direct damageofs, by promotindg-usariumwilt in
tomato and as vectors of tobacco rattle virus ibatco. Free-living nematodes are
regarded as beneficial because of their roles end&composition of organic matter,
cycling minerals and nutrients, redistribution aharal and nutrients in space and time.
They also influence in detoxification of pollutantsodification of soil physical and
chemical properties and biological regulators obtpspecies by entomopathogenic

nematodes.
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Finally, the future of sustainable management ofistede-pests and agricultural ecology
systems must therefore address general soil haslttell as specific threats from plant-
parasitic nematodes, since they impair the effoyeonf plants to utilize water and
nutrients. The ‘all or nothing approach’ to nematarbntrol, or ‘fumigate them’, is a
thing of the past. We need to improve ‘nematodeagament tactics’ and maintain these
pests at or below threshold levels. Living withrthand managing them to remain at sub

economic crop damage levels is the concept ofithed.

7.3 Recommendations

0] The results of this study supported my objextof the value of using nematode
communities to quantify soil health. | focused nhaion understanding the effect of
different human interventions from natural to irdime managed ecosystems. Further,
investigation on impact of different crops on nemdat communities deserves further

studies.

(i) Emphasize for training in nematology programra@d regular courses to
undergraduate, extension agents and farmers omfevagement of nematode pest while
maintain soil health. Use of soybean cakes, chickanure andagetesspp. should be
encouraged because they showed to support higldabce of free-living nematodes that
are substantial for organic matter decompositiash @ant nutrients cyicling. Nematodes
have to be considered as pest and beneficlabxplored their roles in agricultural

production in this study.

(i) Higher abundances dielicotylenchuspp. andscutellonemapp. were observed
in both land management systems and in all stedeigr management of root-knot
nematode evaluated in this study. Windham (198&yd higher numbers of
Helicotylenchuspp. andScutellonemapp. associated with decline in maize yield, but
Fortuner (1991) considered them as weak and madpathogens of most crops. This
emphasizes the need for establishing the parthoiyenf these nematodes as a priority

of future research undertaking.
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(iv)  Calculation of enrichment (EI), structure (S4nd nematode channel ratio (NCR)
indices is based strictly on free-living nematodéserefore, plant-parasitic nematodes
have been excluded and their inclusion and mayigeavseful information in determing

the magnitude ecosystem functioning.
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APPENDICES
Appendix
3.1

Inrroducrory guide ta trophic groups of soil nematodes

5. Simplified key to common Orders of soil nematodes

When a specimen has been keyed out, please confirm the Order by cross-
checking the with the description and illustration in Sections 2 and 4.

1. Spear or stylet present in mouth cavity (Fig. 5.1)
Spear or stylet absent in mouth cavity (Fig. 5.2)

2. Spear with a conical front section attached to a straight shaft
which usually has basal knobs or swellings visible (Fig. 5.1.a-e) ..._........3.
Spear not so formed; may be needle-like, chisel-shaped or
curved and bristle-like (Fig. 5.1.6-h) c.cu.oiiiniiiienniiinnias e s vnrcce, 4.
3. Spear usually with small basal swellings or smooth
(Fig. 5.1.d).. _— Aphelenchlda
Spear with %mall to well developed knohs (F1g 5 la -C, e] .. Ty¥lenchida
4. Spear usually chisel-shaped; rarely needle-like
(Fig. 5.1.f, h) .. RRRE s . . Dorylaimida
Spear slender, curved zmd brlq[le—ilke (Flg 5 l g) ..... Triplonchida
5. Oesophagus in form of a single tube or in two major parts (a basal bulb
may be present) (Fig. 5.3.e, f; 5.4.b, ¢, f-h) .. R - 1
Oesophagus in three major parts (i.e. anterior a_nd postcrlor sections
separated by a narrow section or isthmus) (Fig. 5.4.a,d, e).. T SO 3
6. Valve plates present in posterior section of procorpus
(Fig. 5.4.¢).. eeereerenrsnennenne. Diplogasterida
Valve plates pre:cnt n basal bulb (th 5 4 a) 7
v Stoma tube-like; not clearly formed from separate rings
of cuticle (Fig. 5.2.a)... T R T =t Rhahbhditida
Stoma clearly formed from -;cpa.rate nngq (F1g 5 2. c] .. Cephalobida
8. Oesophagus with a distinct basal bulb with valve plates
(Fig. 5.4.c) . ... Araeolaimida
Oesophagus Idckmg a chsr.mcl basa] bulb wuh \-d]VC plates
9. Mouth cavity very large and barrel-shaped; armed
with a conspicuous tooth or teeth (Fig. 5.2.£) .ccovvecevevneecennnnn.. IViOmonchida

Mouth cavity inconspicuous, shallow; maybe cup- shaped

but not armed with prominent teeth (Fig. 5.2.d, e) ... 10.

10. Oesophagus well developed and cylindrical (Fig. 5.4.b); body

not unusually slender and with truncate head . Mlonhysterida
Oecsophagus indistinct; narrow anteriorly and then b]lghtly
expanded posteriorly (Fig. 5.4.1); body unusually slender ......-..... Alaimida

March, 2000

Source: Hunt, D. J. (2005)
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Appendix 3.2

Trrocluctary puidee do dropdic g e S0 el e s

Form of spear
(ot 1 gcahn)

peco: Tylenchida; d: Aphelenchida; : Derylaimida

~Triplonchida; b Longidoridae

Source: Hunt, D. J. (2005)

162



Appendix 3.3

Introductory guide 1o trophic groups of soil nemgtode.s

Form of stoma
(not to scale)

a, b: Rhabditida; c: Cephalobida; d: Diplogasterida
e: Monhysterida; f: Mononchida

March, 2000

Source:Hunt, D. J. (2005)
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Appendix 3.4

{riol 1o seala)

Source:Hunt, D. J. (2005)

164

st pn for sdniuE g og apd Asoupeiaur



Appendix 3.5

Introductory guide to trophic groups of scil nematodes

Form of oesophagus in free-living soil nematodes

(not to scale)

monhysterid araeolaimid cephalobid

rhabditid

dorylaimid mononchid

alaimid

diplogastid

March, 2000

Source:Hunt, D. J. (2005)
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Appendix: 4.1
Survey Questionnaire Form

Section A: Area Introduction

Location NAME......coviie e, Date........coovvvennnnn.
F M Br NAME. .. e e e e e e
Village Name. .. ...
Type of agro-ecological ZONe....... ...

Section B:  Land Use and Management History

Main Crop(S) GroWN......o.vvvevenerieeie e eeneneeen
Land management system practices:
0] Fallow........oooiiii
(i) Crop rotation..........coveeviv i e
(i)  Farmyard manure.............coooeveineennnns
(iv)  Continuous CroppiNg .......ccceveeeeererennnnn
(v) Conventional cropping..........cccevvuevnnnn.
(vi)  Commercial farming..............c.ccceunen.
(vil)  Subsistence farming...............ccoeevnen.
(viii) Land preparation Methods
Hand hoe..........................
Tractor........oovvviiniennnn,
No-till practice..................

Section C: Nematode Pests Management practices ifato
What are the different nematode management pradtieg you have practiced?

Use of resistant or tolerant tomato varieties......... o ou. ...

(@1 ] o I o] =1 1o o
Destroy sources of infection seed treatment.....................
Trap Crop Or CatCh CrOP.....v vttt e e e e e
Chemicals. ...
Others (SPEeCIfY). ...

Thank you for your valuable time spent in answeringhese questions
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Appendix 6.1 Plant parasitic nematodes

Plate 6.1.1

Meloidogynespp. (Female)

Plate 6.1.2

Pratylenchusspp.
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Plate 6.1.3

Hemicycliophoraspp.

Plate 6.1.4
Xiphinemaspp.

168



Plate 6.1.5

Tylenchorhynchuspp.

Plate 6.1.6

Trichodorusspp.
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Appendix 6.2  Free-living nematodes

Plate 6.2

Bacterivore

Plate 6.2.1 Fungivore
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Plate 6.2.2

Omnivore

Plate 6.2.3

Predators
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Plate 6.2.4

Meloidogynespp. (Male)
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