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Abstract

Rootknot nematodeseloidogyneincognitg are virulent sotborne parasites found
worldwide in fieldgrown cropsbut also inmany Dutch organic greenhouses. Due to short
crop rotations of susceptible crops, greenhouse producers increase the risk of increasing root
knot nematode (RKN) populations to the point that yield losses can be substantial. Moreover,
implementing nematode ontrol techniques such as soil steaming, biofumigation and
purchasing rootstocks can increase overall production costs. With the increase in energy costs
and the negative impacts on soil ecology, viable alternatives for soil steaming are also
required, andhe use of soil amendments may hold promise as an effective medrikKMor
suppressionThe goaof the study was to analyze the effectsoil amendments compared to
when the soil was not amended placed in peat pot (root containmerkiye different il
amendmentsa\ostoc calicolaamended compaodtokashi, biochar, garlic straw, and qoost)
were applied at 500g/patyvo amendments which weembined (bokashi with garlic straw
and compost with garlic strawPlant performangeand nematode incidencand diversity
were analyzedn Lycopersicoresculentunctyv. Capppricia The results indicated there were
no significant differences (p>0.05) in plant height, stem diaméaf sap analysis (N, K, P,

Ca, NQ, NH4, Mg, Zn, Mo, Cu, Fe, Mo, Se, CI, Al, and Mo), tomato fruit production, and
RKI among treatmentfoot knot index (RKI) values wergexpectedlyow (2) whichseem

to be indicative of relatively low nematode pressure. Significant differences were ohiserved
leaf count, stem final fresh weight, leaf final fresh weight, with the garlic straw treatment
having the highest average means. In terms of total nematode populations, plhisagriic

straw showed the highest values compared to the other treatmkatenly difference in
nematode diversity was seen in bacterivorous nematodesgaiic straw having higher
counts forPanagrolaimidaenematodes. Overall the addition of soil amendments or placing
in root containment showed little impact on plant perfance or lowering the RKI when
compared tacontrol treatmentAdditional research is required to assess treatment responses
at higher nematode pressures in order to identify soil amendmentsetpste less
investment yet caaffectively controlRKN.

Keywords: Meloidogyne incognita, nematodes, organic greenhouse production, organic soil
amendments, nostoc, biochar, bokashi
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1 I ntroduction

1.1 Greenhouse Systems

1.1.1 Conventional Vegetable Greenhouse Production in the Netherlands

The Dutch greenhouse industry in 2010 represented 39% of agricultural production, and
aiding the increasen GDP by accountig for 19% of the Dutch trad@Nieuwenhuijse, 2010)
Success in this industry is not only credited to the mild sea climate, but also the importance of
knowledge sharing and innovation in the field. The use of innovative technology anofgtete
art controlsystems is integral to obtaining high production. Methods such as@i@hment,
artificial lighting, and improved greenhouse coverings support higher yields. Furthermore, most
conventionalproduces use rockwool slabs as their growing medium for protiog, which
reduces likelihood of sclborre diseases. Currently, the total area dedicated to conventional
greenhouse production is 9,490 ha. One half of the total area is devoted to floriculture crops
(4660 ha), and the remainder to vegetable producti88Q  ha). The two main crops with the
largest area of production are tomatoes (1780 ha) and peppers (1160 ha). The average family
farm income per wunpaid average working unit f
estimated to increase by 1,7B0Qros in 2014Bedrijventinformatienet, 2014)

1.1.2 Organic Greenhouse Production in the Netherlands

Organicgreenhousgroductiononly accourd for 3.2% of the total greenhousg®dudng
vegetables in 201(LEI, 2015) The area designated to organic greenhousdygtionis 926
(116 ha) which focuses on vegetable production. The top &etivities includepropagation
material (22.3 ha) and tomatoes (31.4 (@BS-Statline, 2015)However, despite the relatively
small production areapmatoes are ranked third among the highest exported organic product
(Netherlands, 2015)The latest figures show growth in export salesrom 43 to 50 million
Euros from 2008013 (Netherlands, 2015)Exports to international markets such as United
States and Asig@rovide opportunities fofurther growth of the organic greenhouse seei®r
well. Additionally, demand for organic products is slovigreasing within the Dutch market, in
2011 Dutchconsumerspent 817.3 million buthis amounincreased to 934.3 million Euros the
following year (Ecology&Farming, 2014) The increase in demand is linked to consumers
requestingproducts thatprovide benefits in termef animal welfare, human health and the
environment based on useamological techniquethatareconservinghe environment.

1.1.3 Organic Greenhouse Tomato Production

Tomato production accounts for 27% of the total organic greenhagstablesTruss
tomatoesaccountfor the majority oftotal production (26 ha)while cherry tomatoeamount to
10% (3.1 ha) and only 5% (1.6 hig) planted withhandpicked large tomatoe€CBS Statline,
2015) Due to currentegulations ad certification requirementgpmatoes cannot be grown on
soil-less medi, which reduces average yields by 15% compared to-wook production
(Gravel et al., 2010)rhe drop in yields is mainly due to the availability of nutrieartd fertilizer
sources and effect on microbial population actividyowing tomatounder soil conditions also
poses a risk of selborne diseases that reduce yield. To maintain high yields and profit margins,
produces have yearound crop production angery shortfallow periodsbetween crop rotations
(1 day to 1 week)A survey conducted in 20@f organic greenhougaoduces showed thaM.
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incognitastill is being perceive@s the greatest potential threatproduction(van der Wurff,
2010)

Yield loss from RKN ontomatees can range from 50% up to 85% dependion the
tomato cultivar, and may lead to substantial economic (Kasran et al., 2011; Nicol et al.,
2011) The primary cause of this is by second stagenues penetrating the root meristem
causing swelling, which in turn reduces nutrient and water uptake (Nobre et al., T9%5).
long dormancy (30 years) and quick reproductive cycle (30 da35°&) are hard to overcome
without the use of synthetic emicals which is prohibited in organic agricultufEaylor &
Sasser, 1978Winslow et al., 1972) Such restrictions requir@roduces to utilize costly
preventative mesaures to reduce the builgp of rootknot nematodes (RKN). Overallhdre
continues to be a lack of easy applicable eoskeffective methods to lower RKpopulations
whichwill be further discussed in the next section.

1.2 Soil Quality Management

The following section will focus on the different strategies applied by organic greenhouse
produces to protect plants roots from RKN. Many of the techniques rely on preventive measures
as a form or protection. These preventive methods cover a wide range of control approaches and
applicationmeasures throughout tikeop productiorcycle

1.2.1 Steaming

Steaming is quite effective interms ofreducing RKN populations butt also negatively
influences soil biota angoil nutrient dynamics. Sheet steaming veasethod developed in the
Netherlands, and is a common technique used in Dutch organic greenhouses $stause it
allowsproduces to sterilize large aregRunia, 2000)With this methodthesoil is covered with
high-grade plastic to create a sealed environment and steam is then injected underneath the
plastic. The effectigness of steaming relies heavily on the physical properties and moisture
content of the soi(Gay, 2010; Runia, 2000By raising soil temperatures abovegdb5the
survivd of RKN is greatly reducedy inadeasingmetabolic rates and drainineir energy
reserves(Tsai, 2008; K. H. Wang & McSorley, 2008However, steamin@lso negatively
impacts other (beneficial)soil biota by eliminating alorganismswithin the top 16015cm
Additionally, steaming affects nutrient dynamics by releatange amouns of soluble nutrients
(K*, Mn*, NH;), which can cause manganese (Mn) toxicigpecially after repeated
applications(A. Gelsomino, 2010)Both effectsresultin increased production challenges and
extra costsfor producersto restore soils to optimdkvels. The cost of restoration is only
additional to the initial costs of steaming whiobstup to 30,000 euros/h&teaming ratewill
likely risein the future considering the continual raiseylmbalenergy costs.

1.2.2 Biofumigation

An alternative techigjue for controlling RKN is biofumigatigra process which focuses
on incorporating plant biotoxingamilies such as the cruciferae (brassicas) are known to contain
glucosinolates, which are associated with plant protef@iehCarmen MartineBallesta, 2013)
When cells are damaged, glucosinolates leak into the cytoplasm and undergo enzymatic
hydrolysis by myrosinase, which releases ismtj@nates (ITC). ITCs are known to be toxic to
RKN and other soiborne diseaseglLazzeri et al., 2004) Application method requires



incorporation into the soil using a cultivatand the soilcan then be coveredto enhance
efficacy. Biofumigation requires a high attention to detail due to phytotoxic effects that may
occur if plants are transplanted too early; a-dey waiting period istherefore usually
recommended to insure plant saf@itlandiseni, 2009; van der Wurff, 2010)he effectiveness

of biofumigation is still inconsistent due to differdmblogical and environmentdactas that

play a role in the process, notably its application timing, plant type, harvesting time, and if the
material is covered or uncovered.

1.2.3 Rootstocks

The most commonly used plant materials within organic greenhouse production are
grafted tomatoed?roducersare able to choose from a wide selection of rootstocks that fit their
situation; such as saline or drought conditions for exar(tpdestburn, 2010; Schwarz, 2010)
They also have the option of choosing particular varieties witheasedtolerancesandbr
resistance to different pathogens and plant parasites such as(\RiKNder Wurff, 2010)
However, excessive use of similar rootstock may result in the predominance of more virulent
RKN population and possible bredkwn of rootstock resistanc@élbafiez, 2014)Thus, rotating
rootstocks and crops &1 important strategy to reduce th&ldup of parasitic organisms such as
RKN.

1.2.4 Crop Rotation

Crop rotation is an important practice utilized by all orgafiaianers of fieldgrown
crops Different crops rotated into the system can improve soil quality by adding nitrogen,
increase organic matter content, and reduce pathqgisiette C., 2012)Although aganic
greenhouseroducersare required to implement a crop rotatiomany greenhousproducers
favor rotating cucumbers, tomatoes and peppers due to their high produptiefitability and
market demand. The drawback of these particular rotation systems is an increase in nematode
pressure in the following yeaf¥erdejoLucas, 2009 Alternatively,producersnay also pactice
an intercropping system by growing two crops simultaneously. Intercropping marigold within the
greenhouse can reduce RKN infections due to them releasing-coiffi@ining compounds that
are toxic to RKN(van der Wurff, 2010; K. Wang, Hooks, C., & Ploeg, A., 200/t, not all
producerscan appy an intercropping system because of limited space and light. Similar to the
previous technique mentioned above, timing and variety are also important parameters that alter
the effectiveness of this optigRiedra Buena et al., 2008; van der Wurff, 2010)

1.2.5 Other (Root Containment)

While growing plants in biodegraldie peatmoss pots is not a new concept, it has been
overlooked as a method to reduce NRKMany organic greenhousgroduces order tomato
transplants grown iigrow blocks where roots are easily accessible to RKN at the start of the
season. Growing tomateen a peatnoss pot provides a boundary layer that can reduce the
number of cysts on newly formed roots. However, more information is nesaasz there is a
lack of information on the effectiveness of thisechniquein terms of reducing root RKN
infection



1.3 Soil Amendments

Using natural solutions to solve soil health issues, including the effective use of soll
suppressivenesghich was discussed apresented byan Bruggen and Semenov (200@)ay
provide a viable alternative for managing RK8bil amendments can alter sqtoperties;
therebythe potential for prevalent sdiorne parasites (such as RKN) within the soikcause
economic damagé commercial cropsnay be decreased. This theory can be explained by
general soil suppressiveness, which has been linked to these different control methods such as
antagonism substrate r{utrien) competition, production of antibodies, enhancement of plant
resistance, and lemase of bietoxic compoundgEastburn, 200; Sullivan, 2004; van der Wurff,
2010) The addition of soil amendmentsopides the soil with nutrient&hile also improving
soil physical propertieGiotis et al., 2009) For this experiment, four different soil amendments
will be considered in greater depth.

1.3.1 Garlic Straw

The bictoxic chemicals mentioned above (such ITCs) can also be producatiumy
sativum The addition of garlic straw directly into the soil lowered RKN damage by 72%
compared to the contrdgGong et al., 2013)In addition to releasing toxins, the application of
garlic straw can modify the sqgihysical propertiesendering itless habitable for RKNvan der
Wurff, 2010) Furthermore, the Netherlands has many garlic producers whimaiag for
outlets fortheir garlic byproducts While greenhouse producers can make use of thetdet
and providesnvironmetal benefitsby effectivelyrecycling nutrients.

1.3.2 Compost

Compost is commonly used by all orgagreenhouse producebecause it enhances soill
physical properties and adds nutrief@arbosa, 2004)Additionally, compost haseenshown to
suppress particular diseases suckRyhium PhytophthoraFusariumandRhizoctoniaHoitink,
1997; Oka, 2010)However, when analyzed for its effectiveness rmgjaRKN, with different
compost types (tomato, rice hull, rice straw, potato, guava, céngscitywaste) allevaluated
materialsresulted in low soil suppression. In most cases, eggplant roots hadkanobdndex
(RKI) of five, which is indicative ofheavy infestationDoaa, 2012) For compost to be an
effective amendment against nematodesty high application rates abrganic matterare
needed, which may hampegsipractichusein greenhouse settinggan der Wurff, 201Q)

1.3.3 Bokashi

Bokashi is the Japanese word for fermentation,kank@dshi produchave been used as a
fertilizer in Japan since 193R.E.A.P.Canada)To produce bokashi, an anaerobic environment
is required with the addition of effective microorganisms or @urt, 2009; Roldi et al., 2013)
EM are naturally occurring microorganisms such as lactic acid bacteria, yeasts, and
actinomycete¢Burt, 2009) The large amount of microorganisms present in the EM solution will
further enhance soil suppressihile they also m@asuppress pathogens such as E. (&uirt,
2009) Different formulations of bokashi havieeen shown to be effective against RKN.
Experiments on tomatoes showed a 72% decrease in galls compared to thgRofdrat al.,
2013) Adding bokashi to bananassulted ina 77% decrease in nematode populations, with only
the addition of 3.8 kg/planiNevarez, 2003)However, similar to composting,dfe are many
forms and preparations of bokashi, which may alteir thiéectiveness in terms of controlling
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RKI.

1.3.4 Biochar

Biochar has also been recognized as a promising soil amendment witlsupighessive
properties The process of bioch@roductionbegins with slow pyrolysis of organic matter in the
inner chamber of a twohamber oven. Adding biochar to the soil stimulates microbial activity
and nitrogen supplpver time(Cloudh, 2010; Lehmann, 2011furthermore, experiments have
shown that the addition of biochar to a grape vineyadiiced the incidence pfant parasitic
nematodedy a factorof eight compared to the conti@dtahman, 2014)

1.4 Biological Control Agents

Specific suppressiomia applying specific (beneficial geredatory) organisnis another
form of controlling soidborne parasiteand this technique may also be referredgapplication
of biological control agent (BCA)Combining BCA, such a3richodermawith carrier agents,
such as compost is currently beinged commercially; but their effectiveness on RKN depends
on soil propertiegHarman, 2000) Furthermore, otheBCAs have been identified that suppress
RKN such as cyanobacteria (blue gredgag. The addition of cyanobacter&rains such as
Anabaenaoryzae Nostoc calcicola, and Spirulingp. all reduced galling of cowpea when
inoculated wih M. incognita (M. Youssef & Eissa, 2014However, they lackcommercial
productionprotocolsthat can be applied to the figldolajjer et al., 2013)

1.5 Knowledge Gaps and Goals

Dutch organic greenhouse production relies h#ywn soil amendments, and some of
which may provide asolution for reducinghe RKIL Currently, new methods of composting
(bokashi, for instance) have gained some attention in reducing plant RKI, but lacks
standardization. Additionally, inoculating congie® with BCA has been tried before with algae
strain Nostoccalicola, but the effectiveness controlling RKN of this BCAwhen added to
compostdirectly has not been evaluatellloreover,different byproducts (such as garlic straw)
are readily available within the Netherlands thair effect on crop growth and suppression of
RKN must be verified unddbutch greenhouse conditions. Lastly, the combination of two forms
of soil amendments carelp shed light on when different composts and plant matter effect plant
development and soil nematode diversity.

The goal of this thesithusis to examinenematode diversity and populatios anfluenced
by soil amendmentMoreover if these potentiallgan lower RKI compared ta noramended
control or when roots are containe8urthernore, the thesis will analyze hothe growth of
tomato plantss affectedby different soil amendments and roobntairment (use ofliffy peat
pots)

1.6 Research Questions amh Hypothesis
Thefollowing questionsre being addressadthisthesis

1. Will crop performance be negatively or positively influenced by different treatments

compared to the control?
2. What are the effects (negative or positive) of different treatments (alone or mixed) on
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nematode populations and diversity compared to the control?
3. How dodifferent soil amendmentsdfect crop mtrient status and plant he&th

It washypothesizd that

1) The addition of soil amendments should positively influence crop performance with an
addition of an amendme(€havarriaC.l, 1998)

2)  Additions of organic amendments aexpected to increase bacterivorous nematodes
compared to when no amendment isetifiThoden, 2011)

3) In the caseof bokashj due to composting process for a nenlef weeks, the high
bacterial populations should increase bacterivorous thnd predatory nematode
populationgBurt, 2009)

4) The addition of BCAs and bitoxic chemicals from garlic straw and cyanobacteria
amended composts showdflecively redue RKN and therefore RKscores(Gong et
al., 2013; Holajjer et al., 2013)

5)  The addition of root containment should reduce RKI compared to the control.

1.7 Thesis Structure

In thesecondsection materials and methods are presentedthiittesection will focus on
the results and discussi based on the data obtainetich is followed bysomeconcluding
remarks regarding the experiment. The final section will proaid@ort synthesis of how these
initial findings mayguidefuture research for organic greenhopseduces in the Netherlarsd



2 Materials and Met hods

2.1 Experimental Design

A randomized complete block design (RCBD) was used for this experiatetite
experimental greenhouse at BioVerbeek B.V. located in Velden, Netherbigl2 (5 6,168 N
1 1 6 9.erhiskhesiswill focus on nine out of thewelve treatments that wenacluded in the
experimented (Table 1). Due to confidentiality teenaining thre¢reatmeng were notincluded.
Treatments were replicated seven timath each of theseven different blocks. To reduce any
borde effects, one or two plants were placed at the end and beginniegcbfrows. The
experimental layout can be found in Appendix A.

Table 1 Experimental treatments tested for this experiment, a thredetter abbreviation and application rate.

Treatment Code Application rate

1 Biochar BIO 500g/pot

2 Bokashi BOK 500g/pot

3  Bokashi+garlic straw BKG 250g/pot of each
4  Compost COM 500g/pot

5  Compost+Cyanobacteria CYB 500g/pot

6  Compost+garlic straw CMG 250g/pot of each

7  Control NUL 0 g/pot

8 Peatpot PPT 0 g/pot

9 Garlic straw GST 500g/pot

2.2 Crop Management

The tomatoesL{ycopersiconesculentuntv. Cappricia) were grown by GrowGroup in
grow blocks except for thepeat pottreatment. The size of thgrow blockwas 10x10x10cm
(1000 ml)while the size of thepeat potwas 11x10x7.5cm(680m). Plants were grown at the
nursery for four weeks before being transplanted 3AtoPVC containersvith a diameter o6
cm anda heightof 19cmTo reduce cross contamination 30x30cm agriculture plastic was placed
on the bottom along with 250grams of hydroton pellets. The remaining space within the pot
would befilled with 7.5 kg soil obtained from F€lha n d 6 greeahoussat BioViesheek
The soil was steamed the winter of 20122013 afterwardssweet peppewasplanted In 2014
tomatoes were grown and had a RKI of 8 2Zhe end of the growing seasavhich is considered
to benormalvalue by BioVerbeek.Soil type was a sandy soil with 7% clapda pH of 6.8
(Table 2).



Table 2 Soil analysis fromFensland (BioVerbeek B.V.) performed by BLGG AgroExperts.

Unit Value
Nitrogentotal mg N/kg 2870
C:N Ratio 13
P-Al mg P0s/100 g 143
pH 6.8
Organic matter % 6.3
Clay % 7
C-inorganic % 0.14
Calcium Carbonate % 0.6
Clay-humus (CEC) mmol+/kg soil 162

Containers were placed on a plastic guttext waselevated 35cm. Two gutters were
positioned 50cm apart and ran parallel to each other. Every container was placed 40cm apart.
Plants were watered using a spaghetti system with an automatic timer. For every increase of 150
w/m2, plants were watered with 50nger pot. An additional 500mL of water was also given
weekly with a watering hose.

Plants were fertilizedwith organic chickenmanure pellets, a detailed chemical
composition is provided ifable 3. Fertilizer was appliddice; thefirst dose 0fl50g of @mganic
chicken pelletavas applied aR1DAT while 250gwas addedn 56DAT. Tomato plants were
trainedmanually everyweewh i | e | at er alwere Also cemaved(wéelly. Ehe first 0 )
five leaves of the tomatoes were pruned along with the firssaodnd clusteat 56DAT. The
remaining clusterand leavesvere removedtthe endof the experiment.

Table 3 Chemical composition of organicchicken manure pellets analyzed by Agro Experts B.V.

Unit Value
C:N Ratio 8.00
Nitrogen g N/kg 32.7
Phosphorous g P,Os/kg 25.2
Potassium g K,0/kg 22.5
Organic matter g OMY/kg 577

1 OM: Organic matter

To reducepotential pest damage organic techniques were used. Mycotol and Spiderx
(Koppert) wereappliedthree times (7DAT, 42DAT/{0DAT) during the experiment to control of
Tetranychusurticae (red spider mite). Fofutaabsooluta pheromones were placed in delta traps
throughout the greenhouse. Plants were grown for a period of 12 weeks (105 days). All
treatments were grown in a grenouse environment with temperature settings ¢€ Iuring
the day and 1€ during the nightvith no supplemental lightning



2.3 Treatments

An overview of treanentsalongwith treatment codes iprovided in Table 1. A more
detailed description of the spic treatments is provided below.

Control was prepared by first mixing soil from the BioVerbeek greenhouse with shovels three
times to create a homogenous mixtdree mxed soil was then added to the containers.

Compost was prepared by mixing green compaosadefrom greenhouse tomato leaves and
prepared using the windrow method. Compost was rotated six times and reached a temperature
of 70e6C (Appendix B). Compost was applied at 500 grams per pot. The required amount of
compost was mixed thoroughly with soil obtained from BioVerbeek greenhouse with shovels
thenthe mix waglaced in the containers.

Bokashiwas prepared by obtaining fresh tomato leaves tBwWerbeek,which wereshredded

to 510 cm lengthsising a leaf stedder (ATX2000 Bosch, Germanyhe shredded leaves were

then mixed with horse manure at a ratio of 6:4. The final weight of all ingredients wag 10
which was place in 40x60x20cm hole dug with a shovel. The mixture was layered at depth
increments of &m. Between each layer was an application (spread equally) of 12 grams Edasil
clay minerals, 12 grams of Ostrea sea shells, and 30mL of Microfern diluted with distilled water
at a ratio of 1:100mL (total of 60g edasil , 60g ostrea and 150mL of dilutedferity which

were all obtained from Agriton B.V.(http://www.agriton.nl/homeeng.htinlAfter layering, a

plastic sheet was used to covbe freshly mixedookashiin orderto maintain an anaerobic
environnent. The mixture was compressed by adding 15 kg of soil above the plastio film
ensure compactiom.he emperaturenside the heawas also measured every week by placing a
thermometer in three locations of the heap and the average was taken. Holdsewesealed

with tape to maintain the anaerobic environment. Samples were also taken every two weeks and
placed in a freezer kept @t0eC. At the end of the experiment, the samples were removed from
the freezer and were analyzed for their nitrogen angboacontent (%). Ayraph is presented in
Appendix C showng the different temperatures and C:Mtio over the duration of the
composting process. After eight weeks the heap, was uncovered and the material was vacuum
sealed in an impermeable plastic bagtfmee weeks. At the beginning of the experiment the
bags were opened. Bokashi was applied at 500g per pot. The bokashi was first mixed with soll
using shovels three timemnd therincorporated into each potarked for this treatment

Compost+Cyanobacteria Nostoccalicolawere obtained from Culture Collection of Algae and
Protozoan (CCAP http://www.ccap.ac.ul/ Cultures were hen transferred to five 500 mL
polypropylene bottles, which containedmixture of distilled water andaworski's Medum as
advised by CCAP. Algae culture was placed in a metal cuphigindthree fluorescenlights

(TS with ballast Philips, Netherlandspnnected to a timer set to 16hours of light. Daily agitation
was done by hand. Three weeks before beginning ths, talgiae was strained with 1.25 m mesh

to remove contaminants. The remaining algae were diluted in distilled water with a ratio of
25mL: 1gram fresh algae. The mixture was then applied to 6kg of compost at a rate of 10% v/w
with a hand sprayeand the matgal wasthen mixed by hand. The compost was wrapped in
landscape plastic and placed indoors at room temperature. The compost plus algae treatment w
maintained at 25% moisture content for three weeks to insure high amount of algae growth
within the compet, asdescribedoy ElI-Gamal (2011)A total of 500 grams of the compost was
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applied per pot. The compost inoculated with algae was first mixed with soil three times with a
shovel then put into each pot.

Garlic straw was obtained from an organic garlic growttp://www.biologistipootgoed.n).

The straw was delivered by mail and was received after two days. The garlic was put through a
juice mixer until grounded to-10 cm long strands. A total of 3.5 kg (500 g/pot) was measured
and mixed with soil using a shovel three times. fiti¢ure was added to each pot.

Peatpots were purchased from Jif#yref (http://www.jiffygroup.com/en/substrates/tref
go.htm) and used for dmato transplants Tomato seedlingswere plaed in 680mL
(11x10x7.5cm) pots and grown to GrowGroup specificatifinsp://www.growgroup.com/

Tomatoes were then placed into a container similar to the control.

Biochar was purchased from Carbon Gdldtp://www.carbongold.conv A total of 3.5 kg (50
g/pot)wasmeasured and mixed with soil using a shovel three times. The mixtutbevesided
to each poassigned to this treatment

Compost and Garlic strawwas prepared by mixing 1.750 kg of compost and 1.750 kg garlic
straw with a shovel three time¥he mixture was mixed again with soil using a shovel three
times. The final mixture was then placed into each pot.

Bokashi and Garlic straw was prepared by mixing 1.750 kg of bokashi and 1.750 kg of garlic
straw (250g/pot of each treatment) with a shakete times. The mixture was mixed again with
soil using a shovel three times. The final mixture was then added into each pot.
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2.4 Measurements

2.4.1 Non-destructive plant measurements

In this section the nomlestructiblemeasurements are being described that aimed to
monitor the effects of treatments on plant growth through the growing season. Inasest c
measurements were obtainauce a week for each experimental unit (plant). Each measurement
is describedn more dedil below.

Plant Height Weekly measurements of plant height were taken throughout the experiment using
a tape measure.

Stem Diameter Weekly measurements of plant stem diameter were taken 7cm above the soill
using a digital caliper.

SPAD Values Weekly reathgs were taken using the fiffmost recently matured@af counting
from the apical meristem using a chlorophyll meter (Konica Minolta SBAD, Tokyo, Japan).

Leaf number Leaf counts were taken by counting the last leaf until the first open leaf.i@gunt
began after the first five leaves were removed.

2.4.2 Soil amendment analysis

In addition to plant growth measurements the dry matter, nitrogen and carbon cbntent
eachsoil amendmeniveredetermined by the FSBb at Wageningen University and Resdar
The C an N contents were then use to calculat€tNeratia Theresults foreach treatment can
be foundin Table 4.

Table 4 Chemical analysis of different treatments prior to adding into soil, analysis was conducted by FS§oup at
Wageningen University and Research.

Treatments %DM %N %C C:N

Biochar 67.5 0.72 458 63.6
Bokashi+G$ 80.1 030 45 150
Bokashi 302  1.82 222 199
Compost 55.9 0.41 101 24.4

Compost+G§ 789 029 45 155
Cyanobacteria 80.1 026 4.1 15.8
Garlic Straw ~ 93.2 1.00 374 374

IGarlic straw
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2.4.2 Destructive measurements

The expernent was terminated &4 DAT by cutting the shootscih above the soll
surface and harvesting the abayreund parts.

Stem and leaf final fresh weightOn the final day of the experiment, all leaves were removed
and weighed on a scale. Stems were cut 7cm from above the soil surface and cut into 10cm
pieces and weighed on a scale.

Fruit production Tomato fruits were harvestesh 54 DAT (cluster 1 and 2) ar@¥4 DAT
(remaining clustersandfruits wereweighed on an UWE electronic scale (H&Q00, Taipei,
Taiwan) Fruit number per cluster and average fruit weight along with total fruit number and
yield were determined as well

Nematode CountFour 200g soil samples were taken from different replicates of each treatment
using a hand soil sampler and placed in paper bags. Nematodes were then extracted using an
Oostenbrinkelutriator in the WUR Nematology labA total of 100 g eil was placed intdhe
Oostenbrink elutriatofOostenbrink, 1960Q)and placed in 100mL glass jars. The jars were left to
settle for one hour before using aspirator Eyela A-3S, Tokyo, Japanyith a glass tip to

remove excess waterh@& nematode solution was then placed in a 10gmaduated cylinder.
Solutions werdoweredto 40,50, or 60mL, depending on the initial amount placed and recorded.
The solution was stirred for a few seconds and 2mL and 15 ml were placed in ayEiuhted

cylinder. The newly diluted solution was stirred for a 10 seconds and 1mL of the stirred solution
was placed on a counting tray and was measured three times using a stereomicroscope at 50x
(Van Bezooijen, 2006)

Nematode functional diversity After counting nematodes, the stock solution was transferred to
20mL glass jars, after allowinfpr the samples to set for one hour. To preserve nematodes,
Formalin wasplacel in wash bottlethen placed in a 7€C hot water bath for several minutes.
First, a small amount of warm formalin was added followed instantly by cold formairevent
nematodesrom getting damaged. Solutions were stirred for a few seconds before a small drop
was placed on a glass slide; this was repeated three times. Using a microscoaaification

of 100x, 150 nematodes were randomly selected from the three differexst(Blidisal, 2014)
Nematodes found were identified to the genus level using the identification Bongérs and
Vereniging (1988) The nematodes were then divided based on functional divelsisges
according toreates (1993)

Root Knot Index Soil was shaken off the roots and rinsed with water to remove ssibndlard
RKI chart was used to determine the severity of the damdgelh can be found in Appendix.D

Leaf-Sap AnalysisOne petiole from the fifth leaf from the apical meristem wagnakom

every replicate angbetioles wereplaced in a zigocked bagat biweekly intervals Leaf sap
analysis waghus determine@very two weeks anthis analysis was conducted bipva Crop
Control (wwwnovacropcontrohl). Leatsap analysis began 14DAThd the last measurement
occurredat 7MAT. The following nutrientsare routinelyneasured by Nova Crop Control: total
nitrogen, phosphorous, potassium, ammonium, nitrate, calcium, magnesium, sulfur, copper, iron,
zinc, aluminum, sodium, chlorine, boron, iyfmdenum, and silicon.
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2.5 Statistical Analysis

Statistical analysis was carried out using SPSS version 20.0.0 (SPSS, Inc., Chicago, IL).
To see if theravere any significant differencemmong the treatments a eway Analysis of
Variance (ANOVA) was conductedxcept for leaf sap analysis. Leaf sap analysis data was
averaged for all the weeks and a tway ANOVA was used. Lastly to check if means were
significantly different a Tukeys Honest Significant Difference (HSD) was carried out. For leaf
fresh weight dower p-value (0.10) was used to find significant difference between the means.
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3 Results and Discussion

3.1 Plant Height

There was a significant differende>0.05) in tomato plant height from ODAT until
21DAT (Table 5). Plants grown jpeat potwere shorter compared to the control during ODAT,
7DAT, 14DAT and 21DAT with differences of 27%, 16%, 12%, and 12%, respectively. Biochar
plants were significantly taller than the control at 7DAT, 14DAT and 21DAT but differed only
1-2%. After 21DAT, theravere noonger anysignificant differences among the treatments when
compared to control.

The results obtained are in contrast with previous scientific findings. Bokashi did not
show an increase in growth as witnessed. &y and Sung (2001yhen two different application
rates (200g/m2 and 400 g/m2) wersed fortomatoes. When garlic straw wapplied as &oil
amendnent in a studyby Gong et al. (2013)t was a reduction inplant height byl0cm
compared to the contrtdeatmentwhen more than 2% garlic straw is added to the ¥dilen
compost that was inoculated with cyanobact®&t@stoccalicola, the lack of a clear growth
response were in contrast witimdings byAl-Khiat (2006) who showed thaaddng Nostoc
ellipsoidum directly into sandy soil at 2% w/ncreased plant heightHowever, inother
instances results matchegports in thescientific literature. Reduced plant height witheat pot
may be explained by the initial pot size that had 32% less volume compared to the growblock.
Poorter (2012hoted doubling the pot size could increase biomass by up to 43%. In the case of
compost, our resudtwere in agreement witArthur (2012) who observed no difference in
tomato planheight between different types of green compost.bimrhar the results were also
similar to Nzanza (2012)who observed no benefit to plant gtb. Inconsistency of results
across studies may be related to differences in nematode pressure which was relatively low in the
current experiment and results will be discussed in Section 3.11.
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Table 5 Tomato height (cm) as influenced by different treatments at different sampling dates.

Plant height (cm)

Treatments 0 DAT 7DAT 14DAT 21 DAT 28 DAT 35DAT 42DAT 49DAT 56 DAT 63 DAT  70DAT 77 DAT 84 DAT
Biochar 45.7 a3 60.7a 82.l1la 100.1a 1111 124.9 138.6 150.1 154.0 166.6 177.0 202.0 213.3
Bokashi 45.7 a 59.7ab 81.1ab 100.9a 1144 125.0 136.6 151.6 161.9 173.9 189.3 209.3 225.0
Bokashi+G§ 443 a 58.7ab 79.4ab 97.7ab 1124 124.9 139.0 156.1 164.3 178.0 193.9 210.9 217.3
Compost 454 a 59.4ab 81.6ab 101.8a 1182 131.2 146.7 158.0 166.2 175.8 189.0 209.2 228.8
Compost+G§ 45.6 a 594ab 8l.1ab 97.4ab 116.0 126.4 140.7 156.3 164.6 178.4 181.7 212.9 224.0
Control 46.1 a 59.7ab 8l1.1ab 99.3ab 114.0 124.0 140.6 152.9 159.3 168.1 184.9 206.9 237.1
Cyanobacteria 46.7 a 60.3a 8l.lab 99.1ab 117.7 127.0 141.6 152.0 157.7 166.9 185.1 200.4 220.4
Garlic Straw 43.0a 571ab 77.7ab 93.6ab 111.6 125.4 139.7 156.0 170.1 187.7 199.7 218.5 2315
Peat pot 336b 50.1b 706D 87.3b 105.1 124.9 137.3 153.0 162.6 172.4 187.9 206.6 218.3
Sig.2 il * * * n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.

I Days After Transplanting

2(#+): P < 0.001; (**) P < 0.01; (*) P < 0.05; (n.s). P > 0.05
3 Lettersindicate that means differed significantly (P<0.05) as established by Tukeys HSD Test.

4 Garlic Straw (GS)
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3.2 Stem Diameter

Tomato stem diameter was only significantly influen¢pd0.05) by treatments at,07
and14 DAT. Peatpot treatments had smaller steam diameter compared tihalitreatmerd
(Table 6). When compared to the contitd stem diameter was 14.5%, 14% and 20% lower on
0, 7and 14DAT, respectively. The small stem diameter for pleat pottreatment is dueotthe
smaller volume in the pot compared to the growblock. These results fimaliciys by Marr and
Jirak (1990)who observed thattem sizewvas reduced when plantvere beingyrown in trays.
There was no significant differen@e>0.05)after 14DAT among all the treatments.

Based on overall numeric valugbhe compost treatments consisttbé thinnest stems
throughout most of the growing season. Although values were consistently lower compared to
other treatments, fierences were not significanthese observationaere in par with those
reportedfrom compost bywWalker (2007) who showed a lower stem diater compared to the
control or the addition of grassy weed residues, barley residues, lucerne pellets, and nholasses.
agreement with the currestudy Lima (2012)alsoreported that use ofbokashidid not affect
stem diameter when compared to the control, or when fertilized with NBWever, esults for
the garlic straw treatment are in contrast with thok&ong et al. (2013Wwho reported a
decrease in stem diameter ¢1.3 mm with an application 3% raw garlic straw compared to the
control. The lack of response @iochar, is in contrast with theesultsof Vaccari et al. (2015)
Moreover, it also appears tocontradict that biochar positively influences nitrogen supply
(Clough, 2010)Despi te the rather high C: N ratiods
material tends to be rather stable and its biological degradation is rather [is)lmain function
may thus be nutrig retention rather #m being biologically readily degradable an providing net
mineralizationas noted byBruun & Luxhoi, 2008)



Table 6 Changes in sem Diameter (mm) of tomato plants as influenced by different treatments.

Stem Diameter (mm)

1
Treatments ODAT 7DAT 14 DAT 21 DAT 28 DAT 35DAT 42DAT 49 DAT 56 DAT 63 DAT 70DAT 77 DAT 84 DAT

Biochar 27.8 a3 300ab 36.3ab 35.7 35.7 44.3 449 43.4 45.8 46.9 48.0 48.6 48.4
Bokashi 27.1a 209ab 32.9bc 37.3 37.3 39.6 43.2 42.6 45.3 47.1 48.2 48.4 48.5
Bokashi+G§ 269ab 306a 323 ab 35.5 35.5 434 43.2 447 45.1 47.0 48.1 47.2 48.4
Compost 26.7ab 307a 34.3 ab 335 335 35.9 35.6 36.3 37.1 38.1 38.4 39.7 39.9
4
Compost+GS 26.1 ab 308 a 35.7 ab 35.7 35.7 414 41.9 41.7 43.1 44.8 45.3 46.2 47.3
Control 26.8ab 298ab 35.6ab 36.3 36.3 41.7 42.2 41.7 44.4 45.1 46.4 47.0 47.1
Cyanobacteria 27.0ab 30.8a 35.6 ab 34.0 34.0 43.4 43.0 42.8 44.9 455 47.4 46.4 46.9
Garlic Straw 26.0ab 29.7ab 33.7ab 33.8 33.8 43.3 425 43.3 44.0 46.2 46.4 48.4 48.8
Peat pot 229b 255b 28.0 ¢ 28.7 30.1 374 39.4 40.0 411 42.6 435 44.0 44.2
Sig.2 ** ** il n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s
! Days After Transplanting

2(»+): P < 0.001; (*) P < 0.01; (* P < 0.05; (n.s). P > 0.05
3 Letters indicate that means differed significantly (P<0.05) as established by Tukeys HSD Test.
4 Garlic Straw (GS)

1€



3.3 SPAD Readings

Basedon SPAD readingswhich are indicative of leaf greenness (chlorophyll content,
which acountsfor most of the N in leaves), it appears that treatments had no significant effect
(p>0.05)on leaf N content, floughout the experiment (Tablg. A clear increae inchlorophyll
levelsoccurred 23 weeksafter theapplicationof chicken manure pelletslowever, @lorophyll
levels startel to decline again at 4B9AT possibly due tocontinuous growth and dilution of
nutrients in the dry matteBiochar and bokashi were the first treatments to express low
chlorophyll levels 63DAT, thoughlifference wasnot significantly different It may thus be
possible thaavailable nutrients at thaioint in time no longer matched plant growtReadily
available nutrients guch as\min) in thesoil amendment were already taken Eprthermore the
slow release of nutrients from the chicken pellegged behind with crop N demand.

Overall, the rangeof SPAD values observed throughout the study were typically
consistent with SPADralues providedy Fontes and Ronchi (20Q2yvhich ae between 41:6
44.4 However, both starting 63 DAT the obserwsdues in the current studstarted to drop
possiblydue to lack of nitrogen. SPAD readings trend was also comparable to ctaicgdt)
valuessuggested fodifferent plant physiologicastage byFontes ad de Araujo (2006)It is
evidentthat it took approximately 3 weeks for SPAD values to recover after"trapplication
of chicken manure pellets. This underlines that management of (solid) organic amendments is
more complex ah requires timely intezentions.In contrast with the use of chemical fertilizer
where a crop response (greening of the crop) may be observe within one week after fertilizer
application event.
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Table 7 Mean leaf chlorophyll concentrations from SPADB502 as influenced by different treatments.

1
SPAD reading

2
Treatments 0 DAT 7DAT 14 DAT 21 DAT® 28DAT 35DAT 42 DAT 49 DAT 56 DAT® 63 DAT 70DAT 77 DAT 84 DAT

Biochar 51.67 50.77  47.66 48.29 45.67 48.87 53.77 45.53 40.66 26.43 26.57 35.93 35.69
Bokashi 49.81 5341  50.30 48.00 48.36 51.10 53.51 50.24 40.91 25.34 25.29 33.86 35.67
Bokashi+GS  48.40 52.13  48.97 47.11 49.01 52.89 54.03 51.54 39.80 38.80 23.89 28.07 29.71
Compost 47.83 51.99  48.47 47.55 47.38 50.08 52.10 50.75 41.05 29.92 25.98 32.62 34.92
COmpost+G§ 48.93 52.79 4821 45.87 47.57 52.00 51.09 50.44 42.24 29.64 30.60 32.04 31.09
Control 49.07 51.06  49.99 48.54 47.87 49.86 52.90 51.04 40.74 29.26 25.24 33.07 31.67
Cyanobacteria  46.29 4951  48.30 47.31 47.00 53.04 54.07 51.03 42.49 28.60 26.64 33.11 34.67
Garlic Straw ~ 49.33 54.13  48.84 45.61 46.20 52.26 50.55 51.13 39.83 32.12 32.22 35.00 34.58
Peat pot 49.64 50.89  46.56 48.26 45.90 52.23 52.06 51.50 43.10 30.13 26.77 28.91 30.70
(OAVAS 45.D 43.60 41.20 38.8 36.4

Sig.e n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.

1SPAD values measure leaf chlorophyll levels which are indicative of the nitrogen concentration within the leaf.
2Days After Transplanting

3 Fertilizer application.

4 Garlic Straw (GS)

5 Critical Values set bfFontes and de Araujo (2006)

6 (»*): P < 0.001; (**) P <0.01; (*) P < 0.05; (n.s). P > 0.05
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3.4 Leaf Count

Leaf counts per plant were significantly differ¢p&0.05) on 56, 63 and 84DATGarlic
strawwas significantly different during those particular sampling date, but overall it maintained
the highest amount of leaves throughout the experimehile\ithe peat potand Cyanobacteria
treatments had the lowest uak at 63 ad 84 DAT, respectively (Table).8The garlic straw
treatment ha®-10% higher leaf number countmpared to the control (Table 6). Compost, on
the other hand, had a similar leaf counts to the control during the duration of the experiment. The
results obtained are similar to the findings lbgdani and Brutsch (2012Wwho reported that
there were n@ronounce atfor consistentifference in leaf counts between compost and control
treatmentslt was reported thahigher leafnumbers may be related to increased nitrogen as
shown byAloni (1991) for peppers, when nitrogen was increased fre@00 mg litef'. In the
current study it is of fivelyhigh@N tatiot(Tablerdp gadic t h at
straw had the highest leaf counts and also average or-allexege SPAD readings towards the
erd of the growing season. It thus appears that it may decompose relatively easy. In terms of
bi ochar, d elsgh C:N eatioj it ddes not seeny to negatively affect plant growth,
probably because the carbon is mostly in an inert form an therefore withdvece microbial
immobilization(Rondon et al., 2007)

Table 8 Leaf count of Tomato plants as influenced by different treatments at different sampling dates.

Leaf Count (no. /plant)

T
Treatments 49 DAT 56 DAT 63 DAT 70 DAT 77 DAT 84 DAT

Biochar 17.4 19.9 aé 220ab 241ab 25.1 26.0 ab
Bokashi 17.2 199ab 223ab 236ab 25.1 26.7 ab
Bokashi+G§ 18.2 22.0ab 244ab 251ab 26.9 27.6 ab
Compost 18.1 20.3ab 225ab 238ab 26.0 26.2 ab
Compost+Gé 18.1 206ab 224ab 244ab 26.7 27.1 ab
Control 17.3 20.1lab 221ab 240ab 26.3 26.9 ab
Cyanobacteria 17.6 2000ab 219ab 23.7ab 251 251 b
Garlic Straw  19.3 227 a 245 a 265 a 280 293 a
Peag pot 17.3 201ab 211 b 234ab 254 26.2 ab
Sig. n.s. ** ** n.s. n.s. *

! Days After Transplanting

2(#+): P < 0.001; (*) P < 0.01; (*) P < 0.05; (n.s). P > 0.05
3 Letters indicate that means differed significantly (P<0.08stsblisheded by Tukeys HSD Test.
4 Garlic Straw (GS)
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3.5 Nematode functional diversity

In terms ofsoil nematode functional diversityhe biggest differencef<0.05) were
observed inPanagrolaimidacounts which is abacterial feeding nematode (Table Bse of
bokashi plus garlic straw had the lowest resdits to a higher percentageRiabditida.Garlic
straw on alone had the highest percentagePainagrolaimidaewith 94%. The only plant
parasitic nematode found wad. incognita though values were iatively low and not
significantly different(p>0.05)among the treatment®oreover, parasitic nematogepulations
accounted fof.1- 0.3% (106500 nematodes) of thetal observed population counts.

The results obtained were somewhat expected. An increase in bacterial feeders when
adding compost to soil on rye fields walsonoticed byNair and Ngouajio (2012Additionally,
Porazinska (1999%lso noticed an increase in bacterial feeding nematedbsthe addiion of
organic inputsWith the addition of garlic straw the increaséPahagrolaimidaecould be due to
specific food choice, (which was abundant in the garlic straw).

3.6 Nematode Counts

Different soil treatments showed a significant effeetnematode popations (Table @
The highestiotal nematodeopulation in 100g of sqilwhich was dominated by neparasitic
nematodespccurred with the use dbokashi plus garlic strawin this casgthe nematode
population was 35% higher than the control. Surprisinglthe control had comparable
populations to garlic straw; and higher populations foathe compost, bokashi, cyanobacteria,
compost plus garlic straygeat potand biochatreatmentsThebiochar treatment had 82.5% less
nematodes compared to thghest population achievethd it may be that itontainsbio-toxic
compounds.

In terms of the data, thee results weresomewhatunexpected.In their review of
nematodepopulation dynamicsThoden (2011noted a typical increase inetliving nematode
populations with the addition of soil amendments. Furthermdeéenev (2004)found that
nematode populations, specifically bacterial feeders, explode within the first few days of
incorporationof organic amendments'hey also noted that bacterial numbers are related to
bacterial feeding neatodes growth rate®opulations should have been highest for bokashi due
to thehigh population of bacteriddowever in the case ofombiningbokashiandgarlic straw,
different C:N ratiosnay haveprovided different feeding options for thacterivorousiematodes
(Korthals et al., 2014Moreover, theC:N ratio of the used soil amendmeaiso play a crucial
role in nematode diversity. In thease of biochawith a high C:N ratip Zhang et al. (2013)
observed there was no cige in nematode abundance at different biochar rates. Howeveg, in th
current studythere was a&harpdrop intotal nematodgopulation compared to the control or
compost.
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Table 9 Population diversity of different nematode functional groups in 100g of soil as influenced by different treatments.

Functional Diversity

Bacterial Feeding Fungal Feeding  Plant feeding Predator

Treatments Rhabditida Diplogasteridae  Panagrolaimidae Cephalobidae  Prismatolaimidae  Aphelenchidae M. Incognita Mononchidae Total Pop.
Biochar 11129  (11%) 14119 (14%) 72757 é (73%) 664  (0.67%) 166 (0.17%) 332 (0.33%) 498 (0.50%) 0.00  (0.00%) 65888 b
Bokashi 3614 (5%) 8260  (11%) 65820ab (85%) 258 (0.33%) 129 0.17%) O (0.00%) O (0.00%) 0.00 (0.00%) 97559 b
Bokashi+G§ 70767  (23%) 39933 (13%) 187027 ab (62%) 3538 (1.17%) O (0.00%) 505 (0.17%) 1516 (0.50%) 0.00  (0.00%) 376966 a
Compost 8467 (6%) 16698 (12%) 116417 ab (83%) 235 (0.17%) 706 (0.50%) O (0.00%) 470  (0.33%) 235.19 (0.17%) 101726b
Compost+Gg 11153 (6%) 9392  (5%) 153788 ab (87%) 1174 (0.67%) O (0.00%) O (0.00%) 587  (0.33%) 0.00 (0.00%) 124351b
Control 4217 (2%) 26923 (14%) 161539ab (83%) 649 (0.33%) O (0.00%) O (0.00%) 324  (0.17%) 0.00 (0.00%) 244711 ab
Cyanobacteria 8649 (5%) 21912 (13%) 142137 ab (82%) 1730 (1.00%) 288 (0.17%) O (0.00%) 288  (0.17%) 0.00 (0.00%) 160214 b
Garlic Straw 6166 (3%) 5441  (3%) 20458l1a (94%) 725 (0.17%) 363 (0.00%) O (0.17%) 363  (0.00%) 0.00 (0.17%) 248766 ab
Peat pot 7966 (5%) 19418 (13%) 120492ab (81%) 747 (0.83%) 249 (0.17%) 249 (0.17%) O (0.33%) 248.95 (0.00%) 170637b
Sig.l n.s. n.s. ** n.s. n.s. n.s. n.s. n.s. ok

(). P < 0.001; (*) P < 0.01; (*) P < 0.05; (n.s). P > 0.05
2 Lettersindicate that means differed significantly (P<0.05) as established by Tukeys HSD Test.

3 Garlic Straw (GS)

21



3.7 Stem Fresh Weight

There was a significant differengestem fresh weighamongtreatments (Table 10)se
of garlic straw resulted i20% greater stem fresh weight comparedhe control.Biocharand
cyanobacteria treatments had the lowest weights comparable to that of w@eeed control.

Results that were obtained did not match those from prdyiquilisheddata. When
increasing fertilizing rates on pepper plants under a tunnel house in Bloags (2007)
witnessed aignificantincrease in stem fresh weight. Since bokashi had the highest percent of
nitrogen, it was expected tovethe highest stem fresh weight. In the case of biotfzacari et
al. (2015)documentechn increase iplant growth anddry weight wth the application otwo
different types of biochar that tiaundergone different pyrolysis processemwever, in the
current study use of biochar did muiovidea significant increase in stem growth compared to
the noramended controlDifferences in outme may be relatedo differences in growth
environment as the study B¥accari et al. (2015)vas a field study with processing tomeso
grown ona fertile soilwhere inorganic fertilizer was appliedn this context, use of biochar
enhanced plant available NHK*, andP values via enhancing soil nutrient retentighile also
improving soil moisture supply thus reducing crop water stress. In the cstudyt on the other
hand, plants were grown in a protected environment and under optimal growth conditions
without pronomced water stress while nutrients were applied as organic amendments. It may be
possible that under neaptimal growth conditions benefits of biochar on plant growth may be
less articulated.

3.8 Leaf Fresh Weight

Similar to results for stem weightesh led weight wasincreased with the application of
garlic straw,with values beind2% higher when compared to the control (Table 10). The three
lowest results were obtained by biochar, cyanobacterigpaat pottreatments with numeric
values being aboub% lower compared to the controHowever, these difference were not
significant (p>0.05).

The results obtainedlthough consistent with those for stem weigtitd not match
previous scientific findinggEggplant biomassvas reported to increaséth increasng compost
rates to the soi((Taguiling, 2013) In the case of biochar and throughmataanalysison
processing tomatoe¥accari et al. (2015)ound thatthe use of biochar on tomatoes increased
plant growth compared tihat of noramendedontrolfor processing tomatoeBut this may be
related todifferencesin production environments as discussed in the previous secbamo,
(2013)noted an increase in growth when adding biochar to fertile soils but not under sandy soils.
Plant growth for th@eat potreatmenton the other hand, was expected to be lowurzaf the
initial slower growth due to root constraiand this finding was consistent with reduced initial
plant height and stem diameter (Tables 5 and 6)
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Table 10 Final fresh weights of tomato leaves and stem as affected different treatments at end of the experiment

Treatments Stem (g) Leaf (g)
Biochar 285 b2 176 b
Bokashi 307 ab 204 ab
Bokashi+G§ 341 ab 194 ab
Compost 329 ab 196 ab
Compost+Gg 300 ab 194 ab
Control 302 ab 189 ab
Cyanobacteria 277 b 177 b
Garlic Straw 375a 215a
Peat pot 297 ab 176 b
Sig. * X

T(=: P < 0.001; (*) P < 0.01; (*) P < 0.05; (x) P<0.10; (n.s). P > 0.05
2 Letters indicate that means differed significantly (P<0.05) as established by Tukeys HSD Test.
3 Garlic Straw (GS)

3.9 Fruit production

There were no significant differenc@s>0.05)in tomato fruit countsand weightsfor
none ofthe fruit clusters (Table 112). When comparing treatments based on total production,
there werealsono significant difference, between tofalit number, averagéuit weights and
total fruit yield expressed irkg m”. Garlic straw though not significantly different had the
highest production compared to the control or compost.

The results we achieved were unexpected compared to results obsgnatieb
experiments. In many instances the addition of a soil amendment such as cavagagigorted
by Abbasi (2002)increased total yield of organic grown tomatoes by 10 toflselvanwith
application rates obnly 1215 tons ha& which is low compared to standard practiceDintch
organic greenhousean increase in cherry tomatoes was also seen with the addition of biochar,
which increased production by 64% compatieedontrol(Hossain et al., 2010This was also the
case whenbokashiwas applied aslahja (2002)documentedthat there wasan increasen
productionof 12% with the addition of bokasappliedat 10 ton ha.
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Table 11 Mean number of fruits per plant on different clusters as influenced by different treatments.

Fruit Cluster Number
Treatments No. 1 No.2 No.3 No.4 No.5 No.6 No.7 No.8

Biochar 9.3 10.6 7.3 8.1 6.6 2.1 2.1 0.0
Bokashi 10.3 8.1 7.0 8.7 5.9 3.9 3.9 0.0
Bokashi+G§ 8.3 8.6 8.4 7.7 7.6 4.4 2.7 0.6
Compost 6.7 8.0 7.3 6.1 54 3.6 2.3 1.4
3
Compost+GS 7.4 8.7 8.1 6.9 6.9 3.6 3.3 0.7
Control 7.9 8.1 8.1 7.1 6.0 2.7 3.6 0.0
Cyanobacteria 8.0 8.7 6.4 7.3 4.1 2.4 1.3 0.0
Garlic Straw 8.3 8.0 8.3 8.7 7.3 4.6 51 0.7
Peat pot 6.6 7.7 87 86 59 59 34 2.6
Sig. n.s. n.s. n.s. n.s. n.s. nN.S. n.s. n.s.

L. P < 0.001; (**) P < 0.01; (*) P < 0.05; (n.s). P > 0.05
2 Letters indicate that means differed significantly (P<0.05) as established by Tukeys HSD Test.
3 Garlic Straw (GS
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Table 12 Average fruit weight on different clusters as influenced by different treatments.

Fruit Cluster Number Total Production
Avg Wt.
Treatments No.1 No.2 No.3 No.4 No5 No.6 No.7 No.8 Count (9) Kg® m?
Biochar 63.0 35.1 33.0 36.5 20.3 1.3 0.5 0.0 46.1 189.7 1.39
Bokashi 65.9 41.4 34.1 39.3 12.0 4.9 0.3 0.0 47.7 206.0 1.50
3
Bokashi+GS 69.3 40.0 375 375 20.8 8.4 0.6 0.0 48.3 2141 1.46
Compost 65.5 32.6 34.1 39.9 18.0 9.8 2.7 0.2 40.9 202.9 1.86
Compost+GS  75.6 33.1 48.1 36.8 22.2 7.6 0.9 0.1 45.6 2245 1.48
Control 60.1 46.5 36.0 44.7 255 3.6 0.4 0.0 43.6 216.8 1.42
Cyanobacteria 77.0 39.1 54.2 33.2 12.6 4.4 0.1 0.0 38.3 220.5 1.46
Garlic Straw 75.8 44.1 47.0 31.6 13.9 0.1 0.2 0.0 51.0 237.8 1.90
Pet pot 43.6 48.7 33.7 32.7 249 4.3 0.7 0.0 434 200.4 1.43
Sig. n.s n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.

T(=: P <0.001; (*) P < 0.01; (*) P < 0.05; (n.s). P > 0.05
2 Garlic Straw (GS)
8 Accounts for all tomatoes and not marketable tomatoes.



3.10Leaf-Sap Analysis

3.10.1Macronutrients

There were no differencesn time-averaged (across the sampling dates) for
macronutrient concentrations in the petiole extracteongany of thetreatments (Table 13).
Specific temporal patterns for each nutrient are providégppendixE.

Total nitrogen leveldn the petiole sap extragtere below thaargetlevelsincluded in
Table 13. These values abased on longerm observations fotomato forthe BioVerbeek
operationthat routinely and frequently monitors plant nutritional status via NGwap Control
petiole sap analysis support prograihe highest nitrogen levels were achieved by bokashi,
thoughvalues werenot significantly differenfrom the othertreatmentsThe Biochartreatment,
on the other handadthe lowest nitrogen levels. Anonmium levels within the plant leaf were
alsonot significantly different among the treatments. Leaf ammonium levelsalsreelatively
low but not béow the set concentration limit.ugorisingly the peat pottreatmentvalues were
relatively high considéng the poor initial start.In the case of nitratell plantswere below the
target level except for bokashi plus garlic straw. However bokashi plus garlic levels were only
slightly above the minimum limit, though it was not significantly different amotiger
treatments.

The results obtainenh the current studyere contradictory téhose published bgnany
otherresearcherdn many cases when tomatoes &taced in a hydroponic system, increasing
the nitrogen application rates correlates viitreasing leaf itrogen levelgHe, 1999; Huett &
Rose, 1988; Wira, 2013)0zoresHampton (2005) also observed higheteaf petiole nitrate
levels with addition of biosolids on field grown tomatoes from 1998However, it may be
possible that withhe addiion of organic soil amendmentequirestime before nitrogenis
releasedhus making nitrogen the most limiting fac{@lark et al., 1999)

In the case of phosphorous leaf concentrations, levels were meldigiat¢hough there
were no differences among the treatments. The lowadse was observedfor biochar which
had 20% dwer phosphorusaluescompared to the control. Potassiconcentrations oaverage
were within the range, amhosttreatments had values between 48000 mg/l.Again, there
were no significant differences among the treatmeaatepughbiochar had the lowest levels
compared to the other treatments.

Phosphorous in organic farmisgstems often can leelimiting nutrient as observed by
Barker (2012)or different soils Furthermore the type of soil amendment usedatsm impact
the effectivity of adding PHowever, in the current study observe@lueswere indicative of
adequate P supply as petiole samsleswed no deficiencyBath & Otabbong, 2013)in the
case of potassiuriVira (2013)also observed an increase uptake with increasing fertigation
concentrations of nitrogen from 1:@20ppm when grown in cogueat mediaOzoresHampton
(2005) observedlower potassium levels when peppers were amended with biosolds.
relatively low P values with biochar are in contrast with report¥/agcari et al (2015) for a
field study with processing tomato where the use of biochar enhanced plant availahl&KNH
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andP values.

Calcium levels were on the lownd of thespectrum of theypically observedtargeted values,

though there was no significant among the treatments (Table 13). The lowest value was achieved
with biocharwhich was 6% lower than theontrol comparedo garlic straw which achieved the
highest value The results d not match findings byHe (1999)who observed that nitrates
compete with calcium uptake. In tbécase biocharelatively lownitrate levels coincided with

a slightly lower level of calcium, the opposite occurred with bokashi, which shoelatively

low levels of nitratewhile having similar or slightlyhigher calcium levels compared to the
biochar.

Magnesium, there were no sigficant differences among treatments (Table 13). The lowest
value was achieved by biochar whichd 10% lowernumeric valuesompared to the control.
All treatments had moderate levels of magnesinrthe petiole sapSimilar to findings byHe
(1999)on calcium, magnesium is also in competition with nitrate uptilein the current study
overalltrendsand correlation appeared to be lelesarand/or inconsistent.

Sulfur also did not show any significant difference between the treatments (Table 13). The
highestnumeric values occurred withokashiplus garlic straw while the biochar treatment
again showed thiewest valueln general, slfur levelsappear to fall in theverage rangor all
treatments.

3.10.2Micronutrients

Copper levels were on the low end of theommonly observedialues, and there was no
significant difference among the treatments (Table 14). The difference between the highest
numericvalueoccurredwith the peat potreatmentwvhile biocharhad the lowest values

Iron levels were similaiacrossall treatments (Table 14yhile the peat pottreatmenthad the
highest numeriwalues that were 27% over the maximum value set. The remaining treatments
had levels that were on the high end ofgheviously observedalues.

Zinc leaf petiole values also showex significant difference among treatments (Table 14). All
treatments hdimoderate levels of zintn terms of numeric valuespkashi had the highest value
of 2.2mg/l, which was 36% higher than the control at 1.4 mg/l.

Aluminum There was no significant differencacross treatmentsfor petiole aluminum
concentrationgTable 14. The highest values werbserved withbokashi, which had a 37%
higher aluminuntoncentratiorcompared to the control.

Sodium levels exceeded the desired values for all treatments, but treatments were not
significantly different (Table 14). The highesilves were achieved by compost, which was 14%
higher than the control. Similar to findings in sulfiirkby (1981) saw no changes in chloride
levels withincreasing levels of potassium.

Chlorine levels were not significantly differer@icrosstreatmers (Table 14). Mean values of
chlorine for all the treatments were between the minimum and maxivbserved valuesThe
lowest values werebserved foipeatpot treatments whictwere 40% lower than the control.
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Results obtained were contradictory to findings Kofkby (1981) who documentechigher
chlorine levés with increasing levels of potassium.

Boron levels were moderate to high but not significantly different among all treatment means
(Table 14). There was a 1mg/l difference between biochar and garlic straw, which had the
highest value.

Molybdenum levels were low to moderate though they were not significantly different (Table
14). Values for lokashi and bokashi plugarlic straw, though not significantly differemiere
30% lower than the highesne which occurred with thgarlic straw angbeat pdo treatments

When relatingdifferent nutrientsthere was a surprising relationship between bidshkw
phosphorous and sulfur levels \éhiresulting in a relativeancreasein molybdenum levels
compared t@ majority of the other treatmer(fBable 14) Alhendawi (2005kaw an increase in
molybdenum levels when sulfate levels decrease. In anotheHmseginkel (1992kaw a direct
relationship between phosphorus deficiencyl anolybdenum increase when grown tomato
under water culture.

Silicon concentrations wersimilar acrosstreatments (Table 14Biochar treatments hadhe
lowest numeric value, although not significantly different from other treatmemtkile the
highest value wasbserved for thpeat potreatment with overall values bei2§% higher than
biochar.
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Table 13 Seasonal averages for petiole concentrations for macronutriensgs affectedby different treatments based on Nova Crop Control leaf sap analysisesults.
Ammonium Nitrate  Soluble

Treatments Total Nitrogen  Phosphorous Potassium (NH,) (NO3) Nitrogen®  Calcium Magnesium Sulfur
Low 1000 200 2500 40 500 540 1000 225 1250
Moderate 1600 400 4250 80 2250 2300 3500 760 1875
High 2200 600 6000 125 4000 4125 6000 1300 2500
Biochar 680 385 4413 58 260 103 1797 657 1714
Bokashi , 788 529 4852 68 478 160 1866 708 1931
Bokashi+GS 727 516 4909 62 508 162 1839 749 1871
Compost+GS 693 490 4960 57 365 126 1938 706 1849
Compost 724 495 4821 64 372 133 1858 730 1718
Control 764 487 4702 62 377 133 1913 727 1898
Cyanobacteria 773 498 4839 69 325 127 1907 731 1776
Garlic Straw 710 483 4724 63 303 117 1979 735 1824
Peat pot ) 763 537 4717 70 400 798 1961 710 1874
Treatment n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
Treat X da;/ n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.

L(**): P <0.001; (**) P < 0.01; (*) P < 0.05; (/) P<0.10; (n.s). P >
2 Garlic Straw (GS)
% Soluble nitrogen is calculated by addingNN, and NNG;
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Table 14 Seasonal averages for petiole concentrations for micronutrientss affected by different treatments based on Nova Crop Control leaf sap analysisesults.

Treatments Copper Iron Zinc Aluminum  Sodium Chlorine Boron  Molybdenum  Silicon
Low 0.5 1.5 1 10 425 25 0.25

Moderate 0.8 25 25 105 1200 37 0.5

High 1.1 35 4 200 2000 5 0.75

Biochar 0.48 35 1.2 1.2 210 1144 3.6 0.32 18.0
Bokashi 0.59 35 2.2 2.2 221 1102 4.0 0.25 21.9
Bokashi+GS 0.54 3.3 1.4 1.4 213 1137 4.2 0.26 215
Compost+GS 0.57 3.7 14 14 252 963 4.2 0.31 21.9
Compost 0.57 3.7 1.3 1.3 223 1120 4.2 0.32 21.6
Control 0.54 3.6 1.4 1.3 216 842 4.0 0.28 21.4
Cyanobacteria .59 3.2 1.5 1.5 230 1037 4.2 0.33 215
Garlic Straw 0.59 3.6 1.6 1.6 219 959 4.6 0.36 20.5
Peat pot 0.62 4.8 2.1 2.1 236 691 4.4 0.36 22.6
Treatment n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
Treat x day n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.

L) P < 0.001; (**) P 9.01; (*) P < 0.05; (/) P<0.10: (n.s). P >0
2 Garlic Straw (GS)
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3.11RKI

Soil amendments did not reduce the RKI when compared to the contn@over, here
was no significant difference ¥p.05) acrosgsreatments (Table5). The mean for all treatments
was an RKI of twowhich isindicative of low incidenceof parasitic nematodedhe results
obtained were surprisings the soillat was used for the experiment has not been steamed for
two years and even with the presenéeR&KN. Results observed from garlic straw were not
similar to findings fromGong et al. (2013who observed reductions of up to 50% compared to
control. Nostoc calicolahas shown gall reductions on cow peas up & 89 M. M. A. Youssef
and Ali (1998) which may suggest that incubation with compost did not work correctly. The
findings from biochar weralso not similar to results obtained Bhang et al. (2013)who
noticed a decrease of up to 50% in plant parasitic nematode counts. In the case for compost,
results were similar to findings byalker (2007)who observed an insignificant difference-of
0.6 between the controln light of these consistently contrasting results, it may be
possible that effects of soil amendments will only be evident at intermediate high (e.g.
RKI=3-4) values. In the absence of high enough nematode numbers, the beneficial
effects of soil amendment on nematode suppression thus may be less articulated and
differences among treatments in terms of RKI which is a sgumailitative measurement
thus may bdess pronounced.

Table 15 Root knot Index (RKI) values based on a visual assesmenf different tomato root systemsas affected by
organic amendments

Treatments RKI

Biochar
Bokashi

2
Bokashi+GS

Compost

N N N NN

Compost+GS
Control 2.2

Cyanobacteria

NN

Garlic Straw
Peat pot
1

Sig. n.s.
1(%): P < 0.001; (*) P < 0.01; (*) P < 0.05; (/) P<0.10; (n.s). P > 0.05

2 Garlic Straw (GS)

4 Concl usi on

Several of he proposedhypothess that vere stated earliethus cannobe affirmed (Table
16). In the case of adding soil amendments, pimawvth wasnot positively enhanced compared
to the control. Only in someases and for a femeasurements theveere significantifferences
compared to the control. The only distinctfelience was between the leaf counts and stem/leaf
fresh weights. The additions of garlic straw positively influenced those particular parameters
compared to compost or bokashi.
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One of the most significant differences on crop performance was found jpe#bepot
treatment. The smaller pot sibampered plant especialtjuring the first few weeks. However,
within a few weekspeat pothad similar heights and stem diameters as other treatments,
indicating a higher growth rate possibly due to lower light conditions. Overall, the use of soil
amendments, or the use of root containment, did not positively influence growth parameters
did it reduce the RKI of tomatoes.

When considering if plants were deficientterms of either macro or micrautrients there
were nopronounced visuatlifferences that could be spaltevhen comparing the treatments
Based onSPAD readings crop nitrogen status was relatively similar acrossall treatments
throughout the experimenilthough nitrogensupply may have been rather low around the time
of the second application as shown by declining SPAD values arouii@ BAT for all the
treatments, still there were no significant differenceamong treatmentsPhosphorus and
potassium levels were adequate and there was no sign of any differences between the treatments
either. Overall, biochar had the lowest values for majority of the nutrients that were analyzed

In terms oftomatoproduction, there waghanysignificantbenefit gained from the addition
of any of the included soiamendments. The control treatment did fairly waiice it was
supplementedvith chicken manureHowever,addition of garlic straw shosd some benefits as
numerically it hadhe highest production compared to all the treatmdriterefore, it may hold
promiseas asoil amendmengspecially since itan easily be found locally.

In the case to nematode population and diversityhyipothesis stated in the introduction
was truein some cases sincedre was a positive effect with the addition of certain treatnoents
nemetode diversity Main effects were only seen among nematode bacterivores. The addition of
bokashiplus garlic strawincreasedRhabtidiaspp.populations anchematode populatiorsbove
other treatmentdnterestingly enoughhe control treatment had relativellfigh total nematode
numberswhich relates to their quick reproductive behavior. When garlic straw was ddded a
it increased the amount &fanagrolaimidaespp, which may have positively influenced plant
performance. However the hypothesis regarding an incrieagpeedatory counthad to be
rejected.

Lastly, there was no effect seen in reducing the RKI. vidiges for all the treatments were
similar with little or no nodulatiorbeing observed through the visual assessment method that
was being employedThe time frame(incubation period)may have been too short for the
nodules to fully developr alternativey may be the initial nematode pressure may have been too
low. The use of algae was also not effectiveeducingRKI values while it also appears to be
difficult to inoculatdarge volumes o€ompostwithout proper lightingAs was discussed before,
it may well be that effects of different soil amendments may be more pronounced when the
incidence of nematodes (parasite pressure) is greater and in that case potential effectiveness and
benefits in terms of crop performance may be more articulated as well.
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Table 16 Hypothesis set prior to experiment and the outcome.

Hypothesis Outcome

1  Soil amendments should positively influence crc .
Rejected

performance

2 Increase bacterivorous nematodes compared tc

when no amendment &lded Not Rejected

3 Higher number of predatory nematodes within

bokashi treatment Rejected
4  BCAs and bietoxic chemicals should reduce RK Rejected
5 Reducing RKI when using root containment Rejected

5 Recommendati ons

The use of soil amendments for adding vital nutrients and stimulating soil biota is crucial to
Dutch organic greenhougeoduces. In regards to theurrent study antteatments thawere
evaluated it appears thgarlic straw and bokashi, although sbbwingsignificantlyincreases
in crop growth and nematodeppressionstill may hold promiseasa viablealternatives tase
of standarc&compostmaterial. The benefits tproduces of using garlic straw are that it can be
purchased locallyat a low pice since it is a byproduct. In the case of bokashi, due to the
anaerobic environment less labor is needed to turhahpand it requires only seven weeks to
fully ferment. Interms ofgrowing plants in peat potsdil containmen)t stronger pots mayeb
neededvhich are infused witlhematocidaproperties that are slowly releasBde use opeat
pot mayrequire more attentiodue to the smaller pot volumespecially whegrowing tomato
transplants dedicated to productiédditionally, the width of thevall mayalso be altered to
modify thelife spanof the physical barrier it providesithin the soil, andhis should be tested
duringsubsequent studieBased on the current studiigtuse of biochatoes noappeato be
beneficial toplantgrowth nordid it show benefits in terms of enhancirrg nutrient status.
Moreover,with the applicatiorof biocharsmall amounts ofgycyclic aromatic hydrocarbons
(PAHs)may be released the environmentThese compoundsriginate mainly from
incomplete combustion dbssil fuels, and pose a significant human health(fklliam et al.,
2013) Thesmall amounts of carcinogertiochemicas may be releasedavhich could cause
some problem#h terms of perceived health benefits associated with organic protastsy
inoculating compost wh cyanobacteria will bdifficult to implementon a large scale due to the
amount of energy required toltivatethe algae. Overall many of these treatments require more
research to clarify the results found i tturreniexperimentat higher concentrains of RKN
nematodes
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7 Appendi ces

Appendix A Experimental layout
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Figure 1 RCBD layout of nine different treatments.
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Appendix B 2013 BioVerbeek Compost Temperatures,@@d Rotations
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Figure 2 Change in temperature and CO2 and the number of rotations for compost produced by BioVerbeek
2013.
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Appendix C Bokashi Temperature and R:ratio over 7 weeks
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Figure 3 Graph | represents the change of C:N of bokashi during the amposting phase
Graph | represents the change in temperature during the composting process.
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Appendix D RKI Chart

Figure 4 RKI chart use to determine the level of incidence on tomato roots. Taken froman der Wurff (2010).
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