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RESUME

La qualité du sol influence fortement la productivitélelea brasiliensigjui est un des plus
grands producteurs de latex naturel. La nécrose de I'écorcéHéecd (Trunk Phloem
Necrosis : TPN) est la maladie de I'hévéa économiquement lamphestante or, a I’heure
actuelle, son origine et les causes de son apparition sont mal cbrerugse I'apparition de
la TPN soit souvent liée a des sylvicultures réalisées dansawlitions extrémes. Cette
étude vise a préciser d’'une part les relations entre légtéstbiologiques du sol et la
présence de TPN, d’autre part a déterminer l'influence de ditEsdypes de management
du sol sur I'apparition de cette maladie.

Une étude a été menée sur une parcelle d’hévéa tres infast@eTPN. Des échantillons de
sols et de faune ont été collectés sous les arbres malggdemii® un arbre malade et un
arbre sain (BH), sous un arbre sain (H) et entre deux arbrss(kid). L'analyse de la faune
du sol a montré que la présence de termites était fortement liée aux aaladssn

Par ailleurs, la nécrose de I'hévéa semble interagir &eetivité biologique du sol
particulierement pendant la saison des pluies. Ainsi, I'étugd@acterités enzymatiques du sol
montre que les polysaccharidases (cellulase, xylanase et samglase) sont plus faibles
sous les arbres affectés par la TPN alors que les astidés au cycle de I'azote y sont plus
élevées.

Les communautés fongiques cultivables des différents types d’éicmen(B, BH, H, HH)
ont été déterminées par culture sur milieu solide de Sabouraud. Bi¢m dpresité fongique
ne soit pas significativement différente entre les différenbegs, il apparait que les espéces
Paecilomyces lilacinugt Trichoderma asperellunsont majeures dans les sols prélevés a
proximité des arbres malades (B et BH). Un dendrogramme dersiénréalisé a partir des
séquences de 28S rDNA fongique montre que les communautés fongiqeesesrésus les
arbres sains sont tres différentes de celles détectéededansnes comportant des arbres
infestés par la TPN. Ce résultat original doit faire I'olgj@tudes complémentaires afin de
déterminer en suivant I'évolution de la maladie sur la parcelléess modifications de
communautés fauniques ou fongiques observées entre les 4 zones (B, BH) Bont
antérieures ou postérieures a I'apparition de la maladie et deflesipourraient constituer
un élément de diagnostic de I'état sanitaire de I'exploitation afin de pré\agmarition de la
TPN.
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Une seconde étude s’est intéressée a I'influence de difféner@isdements organiques sur le
fonctionnement biologique du sol sous hévéa ce qui devrait permettre garaailes
informations données par I'étude sur la plantation infestée denpréapparition de TPN.
Les deux amendements comparés, apport de fertilisant organicquerettare dé’ueraria+
amendement organique, entrainent une augmentation de la croissaadaeesainsi que de
la production de latex, en comparaison avec une plantation sahsafiesti. Ces deux types
d’amendements semblent aussi prévenir I'apparition de TPN.

Les échantillons de sols ont ici été prélevés dans les intexlafire d’avoir la plus grande
homogénéité possible entre les échantillons. Comme précédemmmaiciafaune et les
activités enzymatiques du sol ont été déterminées.

La densité de macrofaune du sol est significativement plusefdidhs les parcelles sans
amendement organique. Le groupe le plus abondant est constitué pawrhais dont les
populations sont beaucoup plus denses dans les zones ayant recu un amendement organique
L’analyse en composante principale réalisée a partir destéstanzymatiques montre que la
plupart des enzymes présentent des activités plus faibles dassldedes parcelles sans
amendement organique. Les sols des parcelles recouvertasedsia ont les plus fortes
activités xylanases alors que l'activité FDase est pluggélelans les sols des parcelles

n'ayant recu que I'apport organique.

L’apport d’amendement organique en améliorant efficacement la teneuatiere organique
du sol, non seulement permet un meilleur rendement en latex maiseauaméliorant le

fonctionnement biologique du sol prévient I'apparition de TPN.



ABSTRACT

Soil quality greatly sustains productivity Beveabrasiliensis which is the important
source of natural latex production. The soil quality may have an inBuenacidence of
trunk phloem necrosis (TPN), which is the currently one of economicagigrtant disease
of H. brasiliensis This study aims to define the impact of TPN on soil biologictVities
and to investigate the impact of different soil management peactin soil functions. The
TPN disease seems to have effects on soil biology, espeanmathe irainy season. Principle
component analysis showing associations between healthy and TPNatrdesoil enzyme
activities revealed that polysaccharidase (cellulase, xylamade particularly, amylase)
activities were lower under soil affected by TPN whefdacetyl-glucosaminidase activity
was higher. Termite density was associated with soil under aieBs. The method of
culturable-dependant was used in order to analyze fungal populations. Althougd
density in soil under trees affected by TPN was not significatitferent from soil under
healthy trees, the fun@laecilomyces lilacinuandTrichoderma asperellurwere abundant in
soil with TPN. The similarity dendrogram of 28S rDNA-DGGE (DMAas extracted directly
from soil) revealed that soil fungal community in healthy tree gaves different from TPN
tree zones. Soil biological activities in soils with differerdmagements including without
external organic input, external organic input &hkeraria cover crop + external organic
input were investigated in order to find out the proper soil managdoreHnt brasiliensis
Principal component analysis showing relationship between differdninaoagements and
soil enzyme activites revealed that most enzyme activites loev in soil without organic
management. Xylanase activity was the highest in soil Ritbraria cover crop + external
organic input whereas the highest FDA hydrolysis activitie veasaeiated with soil under
external organic input. In investigating macrofauna showed that raac@idensity was the
lowest in soil without organic amendment. Ant group was higher abundaneal iwith
organic amendments than soil without organic amendment. The productiigvehtree
including tree growth and latex yield was the highest in plantatitnPueraria cover crop
+organic input, which was also the highest in organic matter andiorgarbon contents in
soil. This study observed that the soil with the lowest fertiltyich indicated in soil without

external organic input, seems to associate with high TPN incidence



THESIS OUTLINE AND OBJECTIVE

The main objectives of this study are i) to investigate impkunk phloem necrosis
(TPN) disease ofl. brasiliensison soil biological activities and ii) to examine the influence
of soil management with different organic practices on soil bickbgictivities in H.

brasiliensisplantation.

Soil biological activities in this study consist of macrofauna roomity, microbial

community and enzyme activities.

In the chapter 1ll.1, discriminations of soil biological activitiedtween TPN affected
trees and healthy trees were reported. This chapter revealst iofpEPN affected trees on
soil biological activities. Some soil physical and chemical prgsewere also assessed to
compare quality of soil between TPN affected trees and headiy. tTo understand the role

of TPN disease on soil biology is an essential component of natural rubber&wosyst

In the chapter 1ll.2, impact of different soil management prestiancluding soils
without external organic input, with external organic input and Wiikraria cover crop +
external organic input on soil physical and chemical propertiess@hdiological activities
was revealed. The selecting organic source is needed to sheuréerm productivity and to

construct long-term soil quality.

The prospective outputs of this research are i) to obtain potenbaillggical
indicators for impact of TPN affected tree on soil ecosystdmsd indicators are useful to
early detection of declining soil quality and ii) to obtain theadase of soil managements on
soil properties. This database contributes to provide the proper swégeraent practice,
which is beneficial to improve soil quality. In addition, increasingjfediility enhances plant
productivity and TPN protection.
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I.1 Hevea brasiliensis and trunk phloem necrosis

I.1.1 H. brasiliensis as economically important tree

Para rubber treeHgvea brasiliensigvitll. Arg.) had been first found in Amazon
basin. This tree is a member of family Euphorbiaceae whichpcaduce natural latex
(Purseglove, 1987). The latex is tapped by excision of external tdswenk (known as
tapping) which contains laticifers (Rudall, 1987). This tree spesiagperennial and humid
tropical tree, the optimal conditions for growthtbf brasiliensisthat are: the temperature is
in range of 22-30C, relative humidity does not exceed 70 to 80 %, and annual rainiall is
between 1500 and 3000 mm. Furthermore, soil properties are also infthengewth and
productivity ofH. brasiliensis Low latex yield was exhibited in soil under condition of acidic
(pH range 4.37-4.54), sandy (75.6-82.6%). Additionally, the higher solil thersitrongly
associated with higher latex yield (Akpah al., 2007). On the commercial plantatiad,
brasiliensistake 5-10 years to reach maturity and the mature trees are 20-30 meters tall

The H. brasiliensisis an economically important tree because its latex ipriheary
source of natural rubber. All of trees in family Euphorbiaceae, theataubber fromH.
brasiliensis is the most elasticity, resilience and toughness. These fatgperties are
efficient to use as raw materials of many products includamgsportation (e.g., tires and tire
products), industrial (e.g., transmission and elevator belts, hoseslss] industrial lining,
and bridge bearings), consumer (e.g., sport goods, erasers, foandeather apparel), and
hygienic and medical (e.g., condoms, catheters and surgical gleects)ss The latex can be
collected around 30 years or over depend on plantation management and $3spengy
After the termination of latex production, the wood of this tree eanded in manufacture of
furniture such as small boards, matches, packing boxes, compressetextdesl and round
arches, and also used for fuel.

There has been reported that the natural rubber production is thenrAsst, Africa
and Latin American, respectively. During 2000-2006, the most natural rubliee world
was produced from Thailand (FAO, 2009). THebrasiliensisis greatly important in socio-
economic fabric of the Southern Thailand and nowadays, it rapidlyndstéo the
Northeastern Thailand (which the soil quality is lower). Howewenrrently, the main
problem of latex production in Thailand is trunk phloem necrosis disddse.disease

directly affects quantity and quality of latex.



1.1.2 Trunk phloem necrosis disease

The H. brasiliensiscan be threatened by several pests and disease (which gause b
biotic and abiotic factors), trunk phloem necrosis (TPN) is one afntbet devastating iHl.
brasiliensis plantation worldwide (especially, industrial scale) because Tiddase is
irreversible syndrome and can obstruct latex production. The TRidsdisvas first found in
commercial plantation in Ivory Coast in 1980s by Nandris et al. (199ha)first stage of
this disease begins in the internal bark of trunk, this stageficuttito detect by naked eye,
and the phloem tissue containing the laticifers is necrotic. ifbestigation of phloem
section of TPN affected tree by transmission electron miopysrevealed that cell walls, the
middle lamella, plasmodesmata and membrane structures wergatiized (Nicoleet al.,
1991). When accumulated necrosis was increased, the external baa&kisd, the cracking
spread from collar towards the tapping panel. Furthermore, thesbigimity of TPN disease
cause of incision drying up and discontinuing latex production (Naetlak,1991a) (Figure
1).

The epidemiology pattern of TPN in the. brasiliensis plantation seems to be
contagious disease causing by biotic pathogen. Since the TPN wagedesl, numerous of
conventional and molecular etiological methods were used to diagnosaubal agents,
however, no biotic causal agents involving fungi, bacteria, mycoplasos &md viroids
were detected (Nandrest al., 1991Db; Pellegriret al., 2007). While, pathogen transmissions
had been also investigated consisting bud grafting, bark implantatippinga knife
disinfection and spatio-temporal modeling of TPN dynamics, but neestdrevealed that
the TPN disease can spread in plantation by transmission of pa{feEdkegrinet al., 2004;
Peyrardet al.,2006).

Because verification of TPN etiology cannot detect the biotihgagens by present
techniques, Nandris et al. (2004; 2005; 2006) who is the first breakthroughMmlisease
conducted that this disease may be caused by a combination of exogedarsdogenous
stresses. The environmental stresses including soil compacticsoéridrtility seem to be
the major exogenous stresses for TPN disease apparition beodus@rgaction directly
affects plant health by reducing soil porosity, soil water lalgdity and plant root
development. Meanwhile, low soll fertility directly influence plafitysiological processes,
this may reduce the resistance of TPN disease. However, endegsinesses are also
component of casual agent. Incompatibility of rootstock/scion cant gt physiological

strength. The tapping systems may, especially, high frequgnihtpand over deep tapping
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may also involve with plant physiological dysfunction. Disruption cdnigle metabolism
may cause of cell death in TPN affected tree (Cheestah.,2004). Hence, productivity ¢f.
brasiliensisdepends on soil quality level. The good soil quality may also indisigtaince of
H. brasiliensisto TPN disease.

Figure 1 Symptom of trunk phloem necrosis of rubber ttdevea brasiliensis



1.2 Soil quality

[.2.1 Soil quality components

Soils are fundamental resource for plants and soil organisms. Magntsitand
carbon are held in the soil surface, especially, 5-10 cm of thersdile, and hence this soil
layer is important to regulate soil functions and processes ({&patlal.,2000). Soil quality
is potential of soil to perform functions that are essential totptanimal and human health.
The definition of soil quality usually refers to three soil propertincluding physical
chemical and biological properties (Table 1), these soil propestiesiderably influence
plant growth development, plant available nutrients and reducing soil enentanstresses
effect on plant (Elliotet al.,1996).

Soil physical propertieas refer to soil structural ability are the greatest itambrto
soil quality because soil structure is the primitive factoraff groductivity. Soil textures
consist of the relation of sand, silt and clay proportions are phmarportant to plant
development, soil organism activities and soil biogeochemistryngy@@hiariniet al., 1998;
Silver et al., 2000; Planteet al., 2006). The soil textures also have effect on others soil
physical processes. Increasing clay content within soil textueatlg influences soil
aggregate stability (Schlecht-Pietseh al., 1994; Amezketa, 1999). Soil aggregation has
positively associated with soil water holding-capacity, soil tamraand soil infiltration
(Mapa and Gunsena, 1995). Soil porosity property is an important part phgsital quality
because porosity levels can indicate the soil compaction which asumeel by soil bulk
density (Abu-Hamdeh, 2003). Increasing soil compaction levels can decrealsty of soil
in respect to reduce Iinfiltration, slow drainage, reduce aeratiastricte plant root
development and increase topsoil erosion (Pabal., 1998; Lipiecet al.,2003; Nevegt al.,
2003; Mandal and Tripathi, 2009). High soil compaction also adverselysaffeittiological
activities such as soil macrofauna community structure (Raefoadl, 2001) and microbial
activities (Dicket al.,1988; Torbert and Wood, 1992; Leeal.,1996; De Neve and Hofman,
2000; Jordaret al., 2003). Hence, the good soail structure is fundamental to soil biological

and chemical processes.

Soil chemical propertieslosely interact with soil physical and biological processes.
Soil pH is a principal component of soil chemical properties beaass®ngly influences
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available nutrients and activity of soil organisms (Skinner and Todd, 1¥@8ardet al.,
2004; Fuente®t al., 2006). Moreover, pH levels in soil also affect soil physical psces
especially, clay dispersion and flocculation (Amezketa, 1999). While,niargaatter
containing in soil is main source to supply energy for soil orgamidrhe organic matter
decomposition processes result in releasing plant available nutnibitis can be absorbed
by plant (Chandeet al., 1998; Warren and Zou, 2002; Faterrigfoal., 2006). Furthermore,
soil organic matter can also enhance soil physical propemrigsding soil aggregate
stability, water holding capacity and soil bulk density. (Amezketa918artens, 2000;
Loveland and Webb, 2003; Tripathy and Singh, 2004). The cation exchange cé&paCiy
which is determination of cation absorbable and exchangeable caphsityl particles is
important for soil nutrient retention. The levels of CEC dependdrexture characteristics
and organic matter levels (Kaiset al., 2008). The CEC has benefit on soil chemical
stabilization by binding nutrient-soil particle together, it igpleed to be a tool for
investigation of soil fertility an nutrient retention capacitagi et al., 2003; Suganya and
Sivasamy, 2006; Vagest al.,2006). Additionally, salinity of soil which can be detected by
electrical conductivity (EC) is a main constituent for disturleant plant growth, soll
microbial community and activities, and soil-water balancenftgaberger and Bingham,
1982; Sinhaet al., 1986; Ramoliyaet al., 2004; Anjumet al., 2005; Wonget al., 2008).
Hence, soil chemical mechanisms are a main factor for plamttlyrdevelopment and soll
biological processes.

Soil biological propertiehave significantly influenced soil fertility and linked to soll
physical and chemical properties. The biological indicatorsspe@ of soil quality mostly
assess the size and diversity of microbial biomass, soilraéispi, available C and N,
enzyme activity and macrofaunal biomass. Soil microbes and thiitias have benefit on
soil structure including soil erosion resistance and water itidtra these properties
positively affect plant growth (Gasperi-Mago and Troeh, 1979; Elkttal., 1996).
Moreover, the soil microorganisms play the major role on soilenitgycling because they
can degrade organic materials and convert the organic matter ilabkevdorm for plant
growth (MclLatchey and Reddy, 1998; Ingrash al., 2005; Schultz and Urban, 2008).
Furthermore, soil respiration is used to assess competency td sodtain crop growth. Soil
respiration is determined by measuring carbon dioxide production lirswdace which
results from plant root, microbial decomposition of organic matterfauntal breathing. The

rate of soil respiration is mostly regulated by organic md#eels, soil moisture, soil
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temperature, and microbial activity (Buchmann, 2000; Eptaa., 2004; Tanget al., 2006).
In addition, soil invertebrates are essential organisms to hightyga&bkoil because they can
comminute and distribute material residues, and improve nutriedalality (Anderson and
Ingram, 1993; Schédler and Brandl, 2005). The role of macrofaunal cotgnwam also
enhance soil structure, soil stability, water infiltration andvaiets of soil microorganisms
(Lavelle, 1988; Léonardt al.,2004; Frouzt al.,2006b).

Hence, numerous soil managements are created to improve the qéiaay for
sustainable agriculture. At present, soil organic managemennceistrated because it can
reduce polluted chemical in soil and maintain long-term soil qualibyvever, efficiency of
soil organic management depends on quality of organic matter. Tleeewli organic

practices regulate soil fertility levels.

Table 1 Soil properties for characterizing soil quality

Physical Chemical Biological

Texture pH Microbial biomass

Infiltration Salinity Solil respiration

Water-holding capacity  Electrical conductivity Labile organic carbon

Aggregate stability Cation exchange capacity Labile organic nitrogen

Soil bulk density Organic matter Key invertebrate
Extractable, N, P, K Earthworms

Total organic C

Source: (Elliott et al.,1996)

1.2.2 Soil quality improvement

The goal of agriculturist is obtaining the good production which depends bty gfia
soil. Soil properties are important determinant for plant growth, gnaugluctivity and
sustainable agriculture (Warkentin, 1995). Several soil managenrentgeated to maintain
and improve soil health in all physical, chemical and biologicabgrties. Additional,
organic matters in the soil are the most important for soil guahprovement because
organic carbon and nitrogen are the main source for plants and soilsongaFurthermore,

organic input can provide the short-term productivity and simultaneouslgirauiong-term
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soil quality. For commercial cropping system in Thailand, theeetwo main agricultural

practices to improve soil efficiency namely organic amendments and copeirg.

Organic amendments

Organic amendments are addition of organic matter sources inttoisanodifying
soil properties. Sources of organic materials include compost, smues, animal manure
and green manure. Soil organic matter levels strongly affekctphysical, chemical and
biological processes. The final product of organic matter decotigyos8 humus (or stable
soil organic matter) which has benefit on soil physical prope@es organic matter levels
can improve soil structure including aggregate stability, wafétration and water holding
capacity (Franzluebbers, 2002; Loveland and Webb, 2003; ehdhb, 2004; Gajicet al.,
2006). The increasing ability of soil infiltration and permeabitgn also reduce excess
salinity accumulation in soil (Milleet al., 2005). Organic matter contributes to soil fertility
because its decomposition processes have released available sfrigiiant growth such
as nitrogen, phosphorus and potassium (Blair and Boland, 1978; Pinamonti,rifa8)dt
al., 2005; Lupwayiet al., 2007; Mukuralindeet al., 2009). In addition, organic matter can
increase cation exchange capacity (CEC). This effect contibst@il chemical stabilization
by binding humic acid-mineral nutrients (Oortt al., 2003; Kaiseret al., 2008).
Furthermore, soil organic matter contents also enhance sodbi@atcommunity. Increasing
microbial activities contribute to soil structure and directfga soil fertility (Wanderet al.,
1994; Nelson and Mele, 2006; Fliessbathal., 2007; Hameret al., 2008). Additionally,
quality of organic materials strongly influence soil macrofguih@ activity of macrofaunas
enhance soil physical properties such as soil hydraulic ¢gpdecreasing macrofaunal
biomass and diversity can contribute to soil microbial activitgl,(L988b; Mando, 1997,
Mboukou-Kimbatsaet al., 1998; Frouzet al., 2006b; Frouz, 2008). Furthermore, organic
matter can reduce soil polluted chemicals because humic acabsarb chemical pollutants
such as pesticides and herbicides (Seetkal., 1995; Beyer and Blume, 1996; Cedlsal.,
1997).

Cover crops

Cover cropping or green manuring is agricultural practice by iggpveeneficial
plants that can improve soil quality in agroecosystem. Seveval crops including grasses,
small grains and legumes are useful to improve soil physib&mical and biological

properties. The leguminous plants are commonly used as cover crop evenspil fertility



11

because they can provide nitrogen into soil by nitrogen fixationgss which arises from
rhizobial bacteria (Frionet al., 1998). Some cover crop species were efficient in recycling
nutrients (Rosolenet al., 2002; da Silva and Rosolem, 2003; Franckinal., 2004). When
cover crops are plowed down or terminated, they release nutrientaeblianisms of
decomposition and this also increase soil fertility. Because @vepping is adding energy
sources of living soil organisms, diversity and abundance of soil ongarase enhanced.
Increasing activity of soil organisms positively influence gpiblity (Boyeret al., 1999;
Cederbaunet al., 2004; Ingelset al., 2005; Blancharet al., 2006; Dineshet al., 2009).
Furthermore, increasing organic matter levels by cover creglues can improve soil
physical properties such as soil structure, and water and nutadlelimg capacity (Patrickt
al., 1957; Robertsoret al., 1991; Arevaloet al., 1998; Mufioz-Carpenat al., 2008). In
addition, cover crop can protect damaging soil productivity by raduer preventing soil
surface from erosion (Greemt al., 1994; Martinez-Rayat al., 2006; Zuazeet al., 2006;
Zuazo and Pleguezuelo, 2008). The networks of cover crop roots are theesduatiaitdt for
soil macrofaunas and also increase soil porosity (Garaf., 2007). Increasing soil porosity
involves water infiltration and soil water storage (Jogtal.,2002). Cover crops can protect
soil water evaporation and increase soil moisture (Hopkinson, 1971]s timgortant for
activity of soil organisms. Additionally, cover crop can protectrdedsplant from pests and
weeds. The growth of weeds and the germination of weed seedappressed by thick
cover crops (Bradshaw and Lanini, 1995; Linatal.,2008). Some cover crops have ability
in destroying plant pests (know as trap crops) or attractingibehénsects and predators of
plant pests, these plant species can be used as biological comtahibpests (Bugg and
Waddington, 1994; Reat al., 2002; Shelton and Badenes-Perez, 2006; Youn and Jung,
2008). Several cover crops can destroy plant disease cycle aerpdpulation of plant
pathogens, and release toxic chemicals affecting phytopathogens imckaling bacteria,
fungi and nematode (Croet al.,2001; Hartzet al., 2005; Blancharet al., 2006; Timperet
al., 2006). Furthermore, cover crops can increase biomass of beneficidblmates and
microorganisms in soil, which theirs activities can also redaitésrne pathogens (Boyet
al., 1999; Abawi and Widmer, 2000).

.3 The role of soil macrofauna
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Soil macrofaunal community plays important role on soil quality ee#s activities
influence soil processes. Soil macrofaunal activities enhance pbgsical properties
including soil porosity and aggregate stability. These soil propepositively affect water
infiltration, drainage, aeration and root growth development (Lawalé Spain, 2001).
Furthermore, soil chemical processes are also regulated byamibfaunal activity. The soil
macrofaunas greatly associate with distribution and protection ahiargnatter, increasing
available nutrients (Lavelle, 1988; Huldhal.,1998; Scullion and Malik, 2000; Warren and
Zou, 2002). The soil macrofaunas are also important in neutralizihgtsgjFrouzet al.,
2006a). However, all of macrofaunal taxonomic groups (Anderson and Ing:!268),
earthworms, termites and ants have been considered as soil @rosggineers because they
strongly influence soil properties and provide the energy souraaiéwoorganism (Jouquet
et al., 2006). These soil invertebrates are important in soil physical pegpecluding soll
porosity, drainage, aeration and reducing bulk density (Lobry de Bng/i€anacher, 1990;
Mandoet al., 1996; Lavelle, 1997; Mando, 1997; VandenBygaaral., 2000). In addition,
these macrofaunal species contribute to soil fertility bec#iusg play important role in
nutrient turnover and soil nutrient cycling (Lobry de Bruyn and Conadi®®0; Lavelleet
al., 1993; Moreet al.,2005).

The earthworm burrows within soil can increase soil aerationerwiafiltration
(Pitkanen and Nuutinen, 1998). These soil properties can stimulateismbial activities.
For instance, the nitrifying bacteria were higher in lining atteeorm burrow than in the
soil outside burrow (Parkin and Berry, 1999). In addition, microorganisimg lin guts of
earthworms and termites can rapidly degrade components of orgdtec sugh as cellulose
and lignin (Roulanett al.,1988; Roulancett al.,1991; Zhanget al.,1993; Rouland-Lefevret
al., 2002; Hyodcet al.,2003). This result can increase carbon source and mineral nutnients i
soil. Likewise, the activities of earthworms, termites and eautsstimulate microbial activity
(Scheu, 1987; 1990; Binet al., 1998; Holt, 1998; Daube and Wolters, 2000; Scullion and
Malik, 2000; Chaotet al., 2003; Desjadingt al., 2003; Ndiayeet al., 2004; Stadleet al.,
2006). Increasing microbial activities can contribute to soil structure arfersdity.

In addition, the prominent ability of termites is clay transpatatiTermites can
transport clay particles from subsurface horizons to termi(eafl et al., 2001; Jouqueet
al., 2002; Jouqueet al., 2007). The stabilization of soil organic matter was influenced by
binding mineral clay-organic matter (Wattel-Koek al., 2001). Likewise, soil clay can
protect organic molecules by slow mineralization rate (BosatbAgren, 1997; Yanet al.,

2006). Some ants and termites are distributer of organic mattemwecosystem by
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transporting organic matter over long distance (Wood, 1988; Anderson and ,Iia®).
However, combining function of soil macrofauna and soil microorganssimportant to

maintain and to increase soil health.

l.4. Soil microorganisms

l.4.1. Importance of soil microorganisms

Soil microorganisms are greatly important in soil food web and adadqguilibrium.
Microorganisms in soil are significantly relative to healdgyl and healthy plant because
they are a considerable component of soil physical and chemicatspesc The soil
microbial communities can improve soil structure for plant growthebhancing soil
aggregate stability. Bacterial polysaccharides and, fungal hymihanetabolic products play
important role in binding soil particles together (Robertsbal., 1991; Huet al., 1995; de
Caireet al.,1997; Caesar-TonThat and Cochran, 2000). Soil aggregation is necessay f
quality to improve infiltration rate, water holding capacity anaptaot development. Thus,
decreasing microbial biomass and theirs activities are Wt fiesreducing soil aggregation
(Neves et al., 2003; Anet al., 2009). Numerous species of microorganisms including
protozoa, bacteria, fungi and nematode are contained in soil. Howevearidactd fungi
seem to be the most important in soil nutrient cycling becdwesedre the first organisms
degrading organic materials as theirs energy source. Silityfas enhanced by increasing
microbial biomass. Soil microbes strongly influence soil biogeotbal because they
obviously express their ability in organic matter decomposition, nutmémeralization and
nutrient cycling (Barbhuiyaet al., 2004; Ingramet al., 2005; Devi and Yadava, 2006;
Faterrigo et al., 2006; Fosuet al., 2007; Lucaset al., 2007). Furthermore, some soil
microorganisms have potential to degrade or detoxify chemichit@als and pesticides in
soil (Reedet al., 1989; Rhineet al.,2003; Trabuest al.,2006; Zhanget al.,2008). However,
structure of microbial community depend on many factors such asateli moisture,
topography, plant growth, and quantity and quality of substrates (Schii#&2; Alvarezet
al., 1995; Smith and Goodman, 1999; Noetsal.,2002; Barbhuiyat al.,2004; Tilaket al.,
2005; Devi and Yadava, 2006; Waldrepal., 2006). Additionally, soil chemical (e.g., pH
and salinity) and physical condition (e.g., texture and soil-watenpafeare also influence
soil microbial efficiency (Zhang and Zak, 1998; Emmerktgl.,2001; Gleesoet al.,2008;

Wong et al., 2008; Sawadat al., 2009). Hence, soil microbial community composition
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structure can respond to environmental change and it has been rusemhifimring impact of
agricultural practices and ecological stresses on soil h&titler{wertret al., 2002; Potthoff
et al.,2006).

1.4.2. Analysis of soil microbial community structure

The reservoir of soil microorganisms is the pore structure wahoh between soil
particles. The community of soil microorganisms can use as usdfaator of soil quality
and ecological stresses because of theirs adaptation. Beaalusricsobes are greatly
important in agroecosystem, the microbial community structeesament with accurate and
reliable methodology is necessary. The methods for studying swiblial diversity can be
categorized into two major groups: biochemical-based and moldzagad methods (Kirkt
al., 2004).

Plate count is one of common methods that used for analyzing stéribh@and
fungal diversity. This method is a biochemical-based method to enuntleeatgable soil
microorganisms. The viable count has benefit to provide information onadliee,
heterotrophic component of population. This method has been used to evaluatptimse
of soil microorganisms to polluted soil (Thompsenal., 1998; Piotrowska-Segeit al.,
2005; Oliveira and Pampulha, 2006) and agricultural practices (BugeKamfman, 1997;
Willison et al., 1997; Leckieet al., 2004; Zablotowiczet al., 2007; Zhenget al., 2007).
However, many bacterial and fungal species in soil cannot be clitutikee present methods
under laboratory condition (Torsvét al.,1990; Torsviket al.,1998; van Elsast al., 2000).
The molecular-based methods have been developed to study microbialtylive natural
environments because these methods can detect non-culturable microwsganise
denaturing gradient gel electrophoresis (DGGE) which is one of-B&SBd approaches is
mostly used to evaluate microbial community of environmental sarBgleause the PCR
products of environmental sample consisting the similar DNA siaesot be separated by
conventional separation using agarose gel electrophoresis, these &NAeparate and
migrate through a polyacrylamide gel by DGGE technique. Furtherntbe DGGE can
rapidly analyze the large number of samples and is also rehadleeproducible (Lerneat
al., 2006; Nakatsu, 2007; Lianet al., 2008). This approach has been diversely used to
analyzed soil microbial community such as impact of perturbedudtgrial soil (Jensemt
al., 1998; @vreast al.,1998), agricultural practices (Nakatstual.,2000; Vepsalaineat al.,
2004; Starket al., 2007), fumigants (Ibekwet al., 2001), land usage (Bossab al., 2005),
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thermal gradient (Norrist al.,2002) and plant root exudation (Yang and Crowley, 2000) on
soil microbial diversity. However, the accuracy of microbial camity investigation can be
increased by using a combination of culture-dependent and culturesntiéepenethods
(Ellis et al.,2003; Edenborn and Sexstone, 2007; Fetngl., 2007). Furthermore, using soil
microbial community structure combining soil enzyme activity agsaally used to assess
impact of soil environment change on soil health arising from policivedhical (Akmalet

al., 2005; Martinez-Ifigaet al., 2009) and soil managements (Satral., 2004; Starket al.,
2007; Starlet al.,2008) because large numbers of soil samples are rapidly invedtayad it

reveal the real impact.

1.5. Enzyme activity in soil

All biochemical transformations in soil are related to the mes®f enzymes which
are produced by microorganisms (de Caitral., 2000; Starket al., 2008), soil animals and
plants (Gramset al., 1999). Nevertheless, the most of enzymes in soil are originated from
microbes because they have larger biomass, higher metabolityaatidi larger amount of
extracellular than plants and animals. Enzymatic mechanismimaesito soil health, which
is important for plant productivity. Soil enzymes are the greaorance for agriculture
because they are involved in solil fertility (Diekal., 1988; Bandick and Dick, 1999; Hu and
Cao, 2007). Organic materials are degraded and transformed intoblevddams by
mechanism of soil enzyme. Soil enzymes play specific role irygding of nutrients such as
nitrogen, carbon, phosphorus and sulphur (Gianfetdal., 2005; Acosta-Martineet al.,
2007; Chenet al., 2008; Sardan®t al., 2008). The evaluation of integrative activity of
several soil enzymes is greatly efficient to predict theityuaf soil because soil enzyme
activity is closely related to soil physical and chemical piigser and soil microbial
community (Deckeret al., 1999; Anderssoret al., 2004; Roldanet al., 2005; Acosta-
Martinezet al., 2007; lovienoet al., 2009). Furthermore, some toxic chemicals including
pesticides and heavy metals are degraded or detoxified by somher(@ibson and Burns,
1977; Burns and Edwards, 1979; Niesti al., 2009). However, the activity of enzyme
depends on soil texture, temperature, pH, moisture, heavy-metal cortamigaality and
guantity of substrates (Sinsabaugh and Linkins, 1987; Virzo De 88at91993; Rutigliano
et al., 1996; Fiorettoet al., 2000; Kourtevet al., 2002; Hinojoseet al., 2004; Sardans and
Pefiuelas, 2005; Acosta-Martinetzal.,2007).
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The activity of soil enzymes is more sensitive than other sojigsties (Ndiayet al.,

2000) and rapidly responds to soil environmental change due to agricpitactices and
cropping systems (Bandick and Dick, 1999; Kandetal.,1999; Kloseet al.,1999; Acosta-
Martinez and Tabatabai, 2001; Badiatel.,2001; Hinojosaet al.,2004; Hu and Cao, 2007,
lovienoet al.,2009; Jinet al.,2009). In biochemical analysis, using soil enzyme activity to
assess soil quality seems to be elementary whereas obtained resulisetaeddo other soil
properties (Kloseet al., 1999; Ndiayeet al.,2000). Hence, several soil enzyme activities are
useful to early detection of soil quality change and they cawige information on soll

managements or soil ecological stress.

1.6 Soil ecological stress

Soil ecological stress is a result from soil environmeritakses. The stresses of soil
environment including abiotic and biotic factors can disturb soil phygdg chemical and
biological functions. However, capacity of soil ecosystem tistags environment stress was
limited by thresholds of its resistance. When the strength o ttessses was increasingly,
soil ecological changes are caused and declining soil qualitgsulted. In addition, the
environmental stress is considered that as the great damagatefi@aause it affects plant
physiological functions and plant cell death is consequent.

The environmental stress can classify to several categoisasgafrom both natural
and artificial factors such as physical stress, wildfirelupioh, radiation, climatic stress and
biological stress. The biological stress can be resulted $mhmanagements and diseases

and hence, this stress may significantly affect on soil agricultural €eosy

Tillage

Tillage is an agricultural practice which directly affectsml physical and chemical
properties (Hulugallet al.,1997). Tillage practice can obstruct process of soil aggregdte an
is primary cause of soil ecological deterioration over longp tgHornet al.,2003; Williams,
2004). Soil physical properties which affect soil organisms suckvasr content, soil
temperature, soil aeration and mixing of crop residue within sailrixnwere change
(Kladivko, 2001; Clermont-Dauphiet al.,2004). Soil organic matter in 0-10 cm deep layers
which benefit soil microbes and macrofauna was decreased by plo@hengnont-Dauphin
et al.,2004).
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The conventional tillage have reduced soil macrofaunal abundancee(NewlFox,
1998), especially, earthworms which greatly influence on soil pregestich as soil nutrient
cycling, soil fertility and soil aggregate (Lavelle, 1988yvéle and Spain, 2001). Because
the stability of soil aggregates is deteriorated by conventidizge, the soil compaction is
consequence (Shakir and Dindal, 1997). Moreover, the furrows within soil which origgnate b
soil organisms have been also destroyed.

Agricultural soil under reduced tillage and no tillage have astsat with higher
microbial biomass carbon and microbial biomass nitrogen which geriamt in increasing
soil organic matter content, N mineralization in soil and nutriepply to crops (Wrightet
al., 2005). Hence, tillage conservation can maintain soil physical, chkmmd biological
properties (Reeves, 1997; Amezketa, 1999; Shetkid.,2003).

Monocropping

Monocroppingsystem or continuous cultivation is the agricultural practice hvhic
planting the same crop year after year, without practicing cotgtion or resting soil.
Monocropping system may have negative impacts on long-term productugy to
decreasing soil quality. Some plant monocultures decreased sodgatgrstability, soll
organic matter, available nutrients and cation exchange capadtite, acid saturation was
increased (Dalal and Mayer, 1987; Evetlal., 1991; Amezketa, 1999; Buschiazeb al.,
1999). The lower soil microbial diversity and biomass were deteatedhe longer
monoculture (Holt and Mayer, 1998; Kaeat al., 2000; Yaoet al., 2006; Wu and Wang,
2007), the lowering of soil microbes may associate with redusaiigenzyme involving
nutrient cycling (Gajda and Martyniuk, 2005). Soil macrofaunal communitiuding
biomass, density and diversity was also decreased in long-ternmwcmrgi planting (Lal,
1988a; Lavelle, 1988; Dangerfield, 1990; Decagtnal., 1994; Schmidet al.,2001; Gilleret
al., 2005; Sileshi and Mafongoya, 2006). These biological effects can ohdséerioration
of soil physical and chemical properties in the future, and wiloaserjuently led to decline
of plant productivity.

Soil salinity and sodicity

Soil salinity and sodicity are soil which contains excessiveiraatation of salts.
Excess salts in soil cause deterioration of soil quality andudigiral productivity. Although
soluble salinity positively associates with soil aggregatkilgta high salinity can reduce

plant growth, plant yield and quality of plant products (Verma and N&&4,; Abdul-Halim
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et al., 1988; Marosz, 2004; Ramoliya al., 2004; Ramoliyaet al., 2006; Daiet al., 2009).
While, high sodium concentrations or high sodicity can disrupt soil igddyprocesses
including decreasing infiltration, decreasing hydraulic condugti@and surface crusting
(Frenkelet al., 1978; Agasset al., 1981; Painuli and Abrol, 1986; Mamedet al., 2001;
Levy et al.,2005). However, both salinity and sodicity have adversely affectechsoobial
community and biogeochemical processes (Frankenberger and BingB82) Rietz and
Haynes, 2003; Sardintet al., 2003; Tripathiet al., 2006; Wicherret al.,2006; Muhammad
et al.,2008; Wonget al.,2008).



Il. MATERIALS AND METHODS

19



20

[I.1 Experimental site description

The experimental site was the rubbét. (brasiliensi$ plantation in Buri Rum
province, northeastern Thailand (15 18" N and 103° 06" E). This region is tropical
climate. The rainy season is from May to October and theelryas is November through
March. During the 5 year period 2001-2006, the mean annual tempe@tuinesfarea was
26 °C and annual precipitation was 1207 mm (which is very low for rubbetagpian). Three
experimental sites were selected and the description of gackas showed in table 7. All
the sites were sampled during the rainy season (July to @cRil6) and dry season
(December to February 2008).

For chapter 1l11.1, thed. brasiliensisplantation with high incidence of TPN disease
(20-25% of trees affected) was selected. Fhebrasiliensiswas planted in 1997. Before
planting H. brasiliensis the sugarcaneSéccharumsp.) was planted in this area. This
plantation characterized by low input farming.

For chapter 111.2, threé¢leveaplantations were selected by depending different soil
managements as follows: no organic amendment (S1) and amending teitakxrganic
input (S2) and amending withueraria cover crop + organic input (S3). The description of
each site showed in table 7.

[I.2 Macrofauna sampling

In each sampling zones, macrofauna in soil and litter werectedl to analyze
density and diversity. The macrofauna was defined as the invee®lwih body length
greater than 2 millimeters. Litter macrofauna was samplezhiarea of 2 x 2 meters. The
litter was rapidly put into plastic bag and then macrofauna waeefudly collected by hand.
Soil macrofauna was performed according to the Tropical Soil BicddogyFertility (TSBF)
method (Anderson and Ingram, 1993). The block of soil (25 x 25 x 30 cm) wittdienof
litter macrofaunal sampling area was taken and macrofaun@allasted by hand at three
depths (0-10 cm, 10-20 cm and 20-30 cm). The collected macrofauna warvgutes 70%
alcohol, except earthworm was kept in 4% formaldehyde. The ibvatés were determined

taxonomic groups under standard laboratory.
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[1.3 Soil sampling and preparation

In each sampling zone, a block of soil (12 x 12 x 10 cm) adjoining abtiger
macrofaunal sampling was taken using hand trowel. The soil bloclseyasated into three
layers (0-2 cm, 2-5 cm and 5-10 cm). In each depth, sample a®iandried and ground to

pass through a 2 mm sieve. Plant residues and roots were removed.

I1.4 Soil analysis

Prepared soil sample was used to analyze some soil properties. Soil pHasasethe
by pH meter using soil : water ratio of 1:1. Organic carbon wassuaned by oxidizing the
soil with potassium dichromate and concentrated sulphuric acid andrethaining
concentration of dichromate and ferrous ions determined by titrafibe. total N was
measured by micro kjeldahl method. The organic matter was deésirby Walkley and
Black method using wet oxidation. Cations exchange capacity (CECy&tarmined using
double acid (Boric acid and sulphuric acid). Soil texture was pertbroye hydrometer

method.

[I.5 Soil enzyme activity

The soil sample with purified water (1 g/1pl) were incubated at 2% for 48 h to
reactive the microflora. The activity di-glucosidase(EC 3.2.1.21), N- acetyl- p-D-
glucosaminidase (EC 3.2.1.30), amylase (EC 3.2.1.1), celluls8e8.2.1.4) and xylanase
(EC 3.2.1.8) were assayed by a modified procedure described by(200%). The modified
Berthelot reaction (Kandeler, 1996) was used to measure ute@se@.%.1.5) activity. Total
microbial activity potential was measured through Fluoresceiretdisee (FDA) hydrolysis
assay, which hydrolyze colorless fluorescein diacetate andseekeacolored end product
fluorescein (Greeet al.,2006). The enzyme assays were carried out in triplicate touneeas
the activities and Control was simultaneously performed in each sample

Heterosidases
B-glucosidase and N-acet#bD-glucosaminidase activities were assayed uging
nitrophenyl  (PNPB-D-glucopyranoside and p-nitrophenyl (PNP) N-acetyi-D-
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glucosaminide (Sigma) as substrates. Soil (200 mg) was inculia8@d@ for 2 hours with

200 ul of 1% (w/v) substrate and 1Q0 of citrate phosphate buffer at pH 5.8 (Mcllvaine,
1921). After incubation, the sample was centrifuged at 13000 rpm foin5and the
supernatant (25Ql) was placed into spectrophotometer tube (size 5 ml). The oaasts
stopped by adding 3 ml of 2% pEO; (w/v). The absorbance was measured at 420 nm and

the enzyme activity was expressedigNP ¢ h' by comparison with standard curve.

Polysaccharidases

The amylase, cellulase and xylanase activities were dekimusing starch,
carboxymethyl-cellulose (CMC) and xylan as substrates. Soil if&f)Owas incubated with
200 pl of 1% (w/v) substrate and 1Q0 of citrate phosphate buffer at pH 5.8 at°g7for 4
hours with constant agitation. After incubation, sample was cergdfag 13000 rpm for 5
min and 25Qul of supernatant was placed into glass tube. The reducing suganeasured
using the method described by (Somogyi, 1945) and (Nelson, 1944l 5§0Somogyi
solution (diluted with purified water, 1:1) was added and boiled for 2 e sample
solution was immediately cooled using laboratory water. Afteds;a50ul of Nelson
solution was added and gently vortexed. Purified water (4 ad)added and the absorbance
was measured at 650 nm. The result was expressegiglacose g h by comparison with

standard curve.

Urease

The urease activity was measured by determination of ssleasxmonium. Soil
sample (200 mg) was mixed with 4@Dof 100 mM borate buffer (pH 10.0) and pDof 720
mM urea. After incubation at 37C for 4 hours with constant agitation, the reaction was
stopped with 3 ml of acidified 2 M KCI and 1.5 ml of the mixture wastrifuged at 13000
rpm for 5 minutes. The supernatant (1 ml) was mixed with 5 mllofd (v/v/v) mixture of
sodium salicylate/ sodium nitroprusiate reagent, 0.3 M NaOH and distilled Wé&erwards,
2 ml of 39.1 mM sodium dichloroisocyanurate and 9 ml of distilled waése \added. After
agitation in the dark for 30 minutes, the absorbance was meas@&@d mm and the enzyme

activity was express ag) N-NH,;* g* h* by comparison with standard curve.

Fluorescein diacetate (FDA) hydrolysis
Soil (200 mg) was mixed with 28 of 4.8 mM FDA solution and 1.5 ml of a citrate
phosphate buffer at pH 5.8. The sample was incubated 4€C ¥or 2 h with constant
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agitation. After incubation, 2%l of substrate was added to control. The suspension was
centrifuged at 13000 rpm at°@ for 5 min and 75@l of supernatant was taken. The activity
was stopped by adding 750 of acetone. The amount of FDA hydrolyzed was measured as
absorbance at 490 nm and the activity was expressegl faisorescein g h™* by comparison

with standard curve.

[1.6 Soil fungal community

[11.6.1 Soil fungal enumeration and isolation

Enumeration of soil fungi were conducted according to a method adapte®iwom
et al. (2005) using plating dilution method. Soil (5g) was agitated imb0f dispersing
solution for 30 min and allowing soil precipitation for 15 min. The fursgapensions were
decimal diluted in physiological solution (9g/1 of Nacl). Each of &lrajlution with 200ul
was cultured in Sabouraud medium (added 0.005% w/v of Chloramphemiagina)SiThe
assay was performed in triplicate. The numbers of fungal colorees determined after
incubation at 27 °C for 5 days. The differential colony morphotypes vgetated and
purified on Sabouraud medium. The mycelia of selected fungi werereedsat -20 °C for

molecular identification.

[11.6.2 Identification of culturable fungi

The selected fungi were identified the taxonomic position by usoigaular biology
technique. DNA was extracted from mycelium according to Dii®attmethod (Di Battista,
1997). The nucleotide fragment of 650 bp (ITS1-5.8S-ITS2 region) was adptifi PCR
technique using primer set ITS1 (5'TCCGTAGGTGAACCTGCGG 3') di®4 (5
TCCTCCGCTTATTGATATGC 3’) (Whiteet al., 1990). PCR amplification was performed
using Ready-To-Go Taq poloymerease (Pharmacia). The condition ofyR(&R were initial
denaturation at 94 °C for 5 min, 29 cycles of 94 °C for 45s, 60 °C for 45s, & ACnfiin
and final elongation step at 72 °C for 30s. PCR amplification wasrpeztl with a thermal
cycle (GenAmp PCR System 2400; Perkin-Elmer). All PCR produets wvestigated using
5 ul of product by electrophoresis in 2% (w/v) agarose gel in 0.5X TAEb(Biorad) and

ethidium bromide (0.g/ml) staining. DNA sequencing was performed by Genome Express
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(Grenoble, France). The DNA sequences were compared with othersBdliences using
GenBank BLAST searches.

111.6.3 Genetic diversity of soil fungi

Fungal DNA was extracted from soil samples as describétbltgus (Porteowet al.,
1997). The DNA region of 28S rDNA was amplified using primer setf 43
GTGAAATTGTTGAAAGGGAA 3) and 662r (5 GACTCCTTGGTCCGTGTT Biwith 40
bases GC clamp (Sigler and Turcob, 2002). PCR amplification whsped using Ready-
To-Go Taq poloymerease (Pharmacia). Cycling condition weraligiénaturation at 94 °C
for 5 min, 35 cycles of 94 °C for 30s, 50 °C for 1 min, 72 °C for 2 min sradl €longation
step at 72 °C for 10 min. PCR amplification was performed witieemal cycle (GenAmp
PCR System 2400; Perkin-Elmer). The PCR products were investigatdescribed above
and PCR amplicons were determined for different position by D@&aaturing Gradient
Gel Electrophoresis) using DcodeTM Universal Mutation Detectigste®sh (Biorad,
Richmond, CA). For DGGE, 20l of product was loaded onto 8% (w/v) polyacrelamide gel
containing linear gradient of the denaturants urea and formamidmsnng from 35%-60%
(100% denaturant contains 7 M urea and 40% (v/v) formaminde). Gel elecesishaas
carried out at initial 20 V for 10 min then 75 V for 16 h. Gelsemem in 0.5X TAE at
constant temperature of 60 °C. Gels were stained in an ethidiumdarauolution and

photographed under UV transillumination using GelDoc 2000 system (Biorad).

[I.7 Analysis of plant growth

In each sampling zone, four trees surrounding the sampling zonegtsrim each

tree at height of 150 cm from base was measured for assessment of trée growt

[1.8 Statistical analysis

The averages of tested parameters in different zones were reohguad statistic
difference was measured by ANOVA-Tukey teB&@.05) using R program version 2.7.0.
The relationship between enzyme activities and sampling zonedatexsnined by principal
component analysis (PCA) using ADE-4 software (Thioulctsal., 1996). A permutation

test was used to check the significance of the groups suggested by PCA.
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For 28S rDNA diversity, the DGGE banding patterns were andlpased on the
band appearance and disappearance using image analysis softwarey @Qran{iBio-rad).
Banding data of DGGE gel were used to evaluate genetiasiyibf fungi among different
four sampling zones. The genetic similarity of fungal 28S rDh&#s measured using Dice
coefficients and similarity dendrogram was created using UR@Whweighted Pair Group

Method of Arithmetic means) through the program, Quantity One orergl.2.1.
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Abstract

Trunk phloem necrosis (TPN) is currently one of the most econognicaiortant
diseases of thélevea brasiliensisinvestigation for etiology TPN revealed that no biotic
pathogen was detected, however, a multidisciplinary study hastlseseiggested that the
disease may be caused by a combination of exogenous and endogersses.sirbese
stresses can affect plat physiology and may also havecatemte on soil biology and soil
biochemistry. In this study, macrofauna diversity, soil enzymeviges, soil microbial
community and soil chemical properties were compared for the wuder trees affected by
TPN and under healthy trees. The impact of TPN on soil biologatalitees seems to be
expressed in rainy season because maybe the trees were cohtistr@ssed by tapping.
The macrofauna analysis revealed that termite density in ittethadnd soil was the highest
in areas with TPN affected trees. Earthworm and ant abundaraeshigh in soil under
healthy trees. Coleoptera abundance and diversity were low inveithkabPN affected trees.
The principal component analysis revealed that polysaccharidelbga®e, xylanase and,
particularly, amylase) activities were lower in soil undees$ affected by TPN whereas N-
acetyl-glucosaminidase activity was higher. Investigatingdliensity in soil showed that
Paecilomyces lilacinuand Trichoderma asperellunwvere dominated in soil with TPN. The
similar dendrogram of 28S rDNA-DGGE banding patterns famering fungal community
composition showed that the community of fungi under TPN was cléaitied from under
healthy tree. These findings suggested that termite density samkti-glucosaminidase
activity are useful as indicators of TPN, while lower valokpolysaccharidase activities in
TPN areas are the consequences of this disease. The imJ@&Nain soil ecosystem was

discussed.
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[11.1.1 INTRODUCTION

Hevea brasiliensigwell know as para rubber tree) is an important source of natural
Trunk phloem necrosis had become a serious problerh brasiliensisplantation system
because this disease prevents latex production. TPN was fcsttekel in the 1980s in Ivory
Cote by (Nandri®t al.,1991a). The first visible symptoms are the necrosis of the béhnk at
collar with thin cracks that extend upward towards the tapping panel. When thphioemn,
which contains lacticifers, becomes affected, the latex produstiafiected and the tapping
panel and incision dry up (Nico&t al.,1991). On-going and completed studies to identify a
biotic causal agent have failed to confirm any biotic caugahi® such as fungi, bacteria,
mycoplasma, virus or viroids (Nandmes al., 1991b; Pellegriret al., 2004; Pellegriret al.,
2007). In addition, several experiments (bud grafting, bark implantatapping knife
disinfection) and the spatio-temporal modeling of TPN dynamies khown no evidence of
pathogen (Peyraret al.,2006).

The first breakthrough on TPN was reported by (Naretrial., 2004; 2005; Nandris
et al.,2006) who concluded that this disease may be caused by a comboiamygenous
and endogenous stresses. In particular, soil compaction which can indwere sivass
affecting the health of the trees and low soil fertility wdreught to increase the risk of the
disease. Furthermore, the non-optimal vascular interface betheemdtstock and scion,
combined with a major physiological dysfunction (cell disrupticar) ad to the release of
the native cyanide in the inner bark, thus causing the death oflkharme the spread of the
necrosis in the phloem (Chersen al., 2004). All these stresses may disrupt physiological
metabolisms of rubber trees and consequently affect the soil bilogicroenvironment
around the tree. However, the real impact of TPN on soil ecology is unknow.

Soil is a basic resource for agricultural production systeBwil quality is
fundamental to the success of crop production systems. Soil qeahigsociated with soil
biological activity. Soil macrofauna, considered to be ecologicginerrs or ecosystem
engineers, play an important role in soil formation, affeconganic matter decomposition
and nutrient cycling. Increasing soil macrofauna diversity témdscrease the density of soil
microorganisms as macrofauna can modify the conditions for microongamidich are
important sources of enzymes in soil (Metaal.,2005). Enzymes are the main mediators of
soil biological process: organic matter degradation, mineraizand nutrient recycling. In

this study, cellulase, xylanase and amylase were seleetedide they are very important in
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carbon-cycle B-glucosidase releases low molecular weight sugars, whehnmgrortant as
energy sources for soil micro-organisms. Urease and N-adatgsaminidase play an
important role in nitrogen-cycle. Fluorescein diacetate (FDAdlysis assay was used to
measure enzyme activity of decomposer microorganisms, whichmgr@tant in forest
ecosystems for mineralization and turnover of organic matter. Betldil microorganisms
and macrofauna can modify the physical and chemical propertibs sbil and can be used
to monitor soil quality in agricultural land. The soil biochemidates has been suggested as
sensitive indicator of soil ecological stress recovery procésssego-ecosystems. Numerous
studies have been published on the potential use of enzyme actisitiegdiators of soil
productivity. Enzyme activities in soil have been used to investigasticide pollution
(Sannino and Gianfreda, 2001), the impact of cultivation (Vepséal&nah, 2001; Acosta-
Martinezet al., 2007) and metal pollution (Epeld¢ al., 2008). Soil enzyme activities have
also been proposed as indicators for suppressive defense againsthagjeps (Nasebgt
al., 1998; Bruggen and Semenov, 2000; Rasmustah, 2002; Leoret al.,2006).

The relationship between plant and microorganisms are an importandf darest
soil ecosystem. Soil microbes are dominant for soil quality because thgneatly important
in soil functioning and fertility (Elliottet al., 1996). Soil microbes can be used as sensitive
indicator of disturbing soil ecology (Dick, 1992; Dilly and Blume, 1998). The
microorganisms play role in soil nutrient cycling, because theraeellular enzymes have
degraded organic matters as their energy source (Pawdradg 1999; Vidalet al., 1999;
Tribak et al., 2002; Khaidet al., 2006). The capacity of microbes in decomposition depends
on type and abundance of organic materials (Salitz.,2005). Some microbes have ability
to convert toxic chemical (such as cyanide) in soil to essemtiglent for plant (Maier-
Greineret al., 1991). The microbes also influence soil physical property, eshediaé
stability of soil aggregation (Harrt al., 1964; TonThat and Cochran, 2000), which benefit
for water movement in soil and plant root growth. Soil microbial dityers influenced by
different factors including soil management system (Luedsal., 2007), climate change
(Freyaet al., 2008) and soil pollution (Kandelet al., 2000), and thus, soil microbial
community structure has been noted as important for understandirgjatienship between
environmental factors and ecosystem functioning.

The effect of different factors on composition of soil microbial samity can be
investigated by both cultivation-dependent and cultivation-independent. Howbher,
methods under cultivation-dependent still have limitation because nummeroe®rganisms

in soil cannot culture in synthetic media under laboratory conditions¢Baanet al., 1996;
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Torsvik et al., 1998; van Elsast al.,2000). To study these microbes, cultivation-independent
methods have been invented for examination of environmental samples. Téeularol
biology techniques are powerful tools to detect the microbial populgir@ssnt in soil both
culturable and unculturable microorganisms. The denaturing gradiergleggtophoresis
(DGGE) has been used widely for investigation of soil micromatraunity. This technique
involves amplifying target-DNA region and PCR products with siméagth are separated
in polyacrylamide gel containing gradient of denaturing conditionsk(l€ir al., 2004;
Nakatsu, 2007). The DGGE technique is reliable, reproducible and rapididyp soil
microbial diversity (Duinevel@t al.,2001; Maarit-Niemet al.,2001). This technique is used
for studying soil microbial community on agricultural practi¢iakatsuet al., 2000; Hagn
et al.,2003; Siddiquest al.,2005; Sekiguchet al.,2008), their degrading substrates (van der
Wal et al., 2006; Cosgrovet al., 2007; Daset al.,2007) and plant genotypes (lkeefaal.,
2006)

The biological indicators in soil under TPN affected tree metiidy. The
determination of macrofauna diversity and soil enzyme activiti@g be useful for obtaining
a greater understanding of the impact of this disease on ssystem functions. The main
objectives of this study were (i) to investigate soil biologicalicators inH. brasiliensis
plantation, which had high incidence of TPN and (ii) to determineaiffierences in such

indicators between the soils under trees affected by TPN and under hesdghy tr
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[11.1.2 EXPERIMENTAL DESIGN

To determine the impact of TPN, TPN affected trees and lyeinéitbs were selected
using the annual tree health survey which carried out by D. Nafi@splots were chosen
and in each plot, samples were taken from four different samptingsz near collar of
affected tree (B), midway between affected trees and lyetakles (BH), near collar of
healthy trees (H) and midway between healthy trees (HH) (Figure 2).

For enzyme assay and microbial culture, the soil samples wigesl msing three
identical sampling zones with depth. For genetically microbialrsiitye the soil samples

were mixed using three identical sampling zones with 0-5 cm and 5-10 cm depths.

O O

EQ@

BH
Figure 2 Sampling scheme in the rubber tree plantation: healthy @getiee affected by

TPN (®). B is near the collar of tree affected by TPN, BH is migWwatween affected tree
and healthy tree, H is near the collar of a healthy tree, Hkldway between healthy rubber

trees.
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[11.1.3 RELATIONSHIP BETWEEN TPN ANDDIFFERENT SOIL PROPERTIES

Soil properties in rainy and dry seasons were showed in table 2.

Soil pH

In rainy and dry seasons, no significant difference in soil pH obagrved for soil
under midway between healthy trees (HH), midway between dffddted tree and healthy
trees (BH), near collar of healthy tree (H) and near collar of TRitafl tree (B).

For each zone, soil are more acidic in rainy than in dry season

Organic carbon

In rainy season, organic carbon was the highest in soil under midivegenehealthy
trees (HH) and was significantly highé?<0.05) than under near collar of TPN affected tree
(B).

In dry season, no significant difference was observed from whole samples.

Total nitrogen

No treatment was significantly different in soil nitrogen in rainy season.

For dry season, the soil in midway between healthy trees (t#3) significantly
higher £<0.05) than in near collar of trees (B and H).

C:N ratio
In rainy and dry seasons, no significant difference of th¢ Katio was observed

between sampling zones.

Organic matter (OM)

The values of organic matter were the highest in soil under midetveen healthy
trees (HH) in both seasons. In rainy season, the OM content iwa®isignificantly lower
(P<0.05) under near collar of TPN affected tree (B) than under midefyeen healthy trees

(HH). No significant different in soil organic matter was observed in dry season.

Cation exchange capacity (CEC)
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The evaluation of cation exchange capacity of soil in rainydapdseasons showed
that the CEC was significantly highelP<0.05) in the soil under midway between TPN
affected tree and healthy trees (BH) than under near collar of heakhiH).

Soil moisture

In rainy season, soil moisture was clearly higher than in égryose For each season,
the moisture under near collars of trees (B and H) was signify lower (P<0.05) than
under midway between trees (BH and HH).

Clay content
In rainy season, soil clay content was higher in healthyae®s (H and HH) than in
TPN areas (B and BH) and was the highest in midway betwe#&hyhtaes (HH). However,

no significant different was observed in both rainy and dry season.
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Table 2 Soil properties irH. brasiliensisplantation under near collar of TPN affected tree

(B), midway between TPN affected tree and healthy trees, (B&dr collar of healthy tree

(H) and midway between healthy trees (HH) in rainy and dry seasons.

B BH H HH
Rainy season
pH 4.29 +0.30 a 4.58 .25 a 4.34 ©.34 a 4.50 .37 a
OC (%) 0.51+40.11 a 0.76 ©.22ab| 0.55496.14 ab 0.78 ©.27 bc
Total N (%) 0.0740.01 a 0.09 ©.03 a 0.08 ©.02 a 0.08 ©.02 a
C:N ratio 7.02 +1.59 a 8.76 2.00 a 7.092.85a 9.958.20 a
OM (%) 0.88 +0.19 a 1.309.39ab| 0.946.24ab 1.340.48b
CEC (%) 3.83 .26 a 5214.46Db 3.830.39a 4.43 9.56 ab
Moisture (%) 11.639091a 17.24 2.21b| 10.62R.94a 16.22 2.30 b
Clay (%) 8.15 .26 a 843R47a| 9.054.79a 9.544.36 a
Dry season
pH 5.02+0.26 a 5.08+0.54 a 5.06 +0.32 a 5.02+0.37a
OC (%) 0.53 + 0.06 a 0.57+0.28 & 0.52 + 0.06 a 0.71+0.20 a
Total N (%) 0.07 +0.02 a 0.08+0.02ab 0.06 +0.01La 0.11+0.08b
C:N ratio 8.17+159 a 744 +3.29a 914+141a 7.68+4.18 a
OM (%) 0.91+0.10a 0.99+0.48 a 0.90+0.11a 1.23+0.3%a
CEC (%) 4.13 + 0.52 ab 494 +1.08hc 3.85+0.48a 5.20+0.86 c
Moisture (%) 1.71+0.93 a 3.18+0.60p 1.57+0.98 a 3.99+0.6bDb
Clay (%) 9.17+1.64a 845+1.75a 876+2.23a 997 +1.31la

Means within the same column followed by contrasting letterssigmaficantly different

among treatment using TukeyHSD td2t(.05) (+ standard deviation, n=9)
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Multivariate analysis

Principal component analysis on soil variables with the resultsnelotan rainy and
dry seasons were constructed (Figure 3). In rainy season, IR@Wed axis 1 and axis 2 for
56.6% and 17.8% of the variance, respectively. In dry season, PCA shawddaaxl axis 2
for 50.7% and 28.2% of the variance, respectively. Testing the isame of groupings
(sites) was carried out on 10,000 permutations and was significastiyntinated (P<0.00)
in rainy seasons. In both seasons, the PCA revealed that the soihaadeollar of trees (B
and H) was associated with the low values of soil variables. Tdgte Jalues of organic
matter, organic carbon and CEC were associated with soil under ynimhivaeen trees (BH
and HH). The total N was associated with soil under midwaydsstwrees (BH and HH) in,
particularly, dry season. The C:N ratio was associated withusdér midway between trees
(BH and HH) in, particularly, rainy season.
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Figure 3 Principal component analysis showed the relationship between sailblgaand
sampling zones with near collar of TPN affected tree (B), nebar of healthy tree (H),
midway between TPN affected tree and healthy tree (BH) addaibetween healthy trees
(HH) during raniy (A) and dry (B) season.
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[11.1.4 TPN AND SOIL MACOFAUNA

[11.1.4.1 Macrofauna density

Litter macrofauna

The litter macrofauna was sampled in rainy and dry seaschsling Coleoptera,
termites, earthworms, Chilopoda, Diplopoda, Arachnida, ants and other inaestéBigure
4). In each season, the macrofauna was the most abundant in area wnelen brete affected
by TPN and healthy trees (BH), followed by under between hetttes (HH), near collar of
TPN affected tree (B) and near collar of healthy tree (H)daumsities were significantly
different only in dry season.

During the rainy season, ants are the major group in the 4 samapimeg whereas
“other group” was the dominate in the dry season. Densities of Adectamid Coleoptera
were quite the same in each zone and for each season. Thekelaguely stable groups.
Termite density was the highest in HH zone during dry seasoniny season, termites are
only present near TPN zones (B, BH). Earthworm was collected canigg rainy season
between tree affected by TPN and healthy trees (BH). Tingtgleof “others” increased more
than ten folds in dry season in comparison to rainy season. This amportrease is due to
an important density of Orthoptera, which does not present in rainy season.

Litter macrofauna

18 mOthers

@ Ants

16 @ Arachnida
® Diplopoda
® Chilopoda
@ Earthworms
 Termites

@ Coleoptera

14

Rainy season Dry eason

Figure 4 Density of macroinvertebrates in litter (individuaPhin the rainy and dry season
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Soil macrofauna

There was great difference in the macrofauna density betsaggnand dry season.
In dry season, macrofauna was found only in TPN areas (B and BN). The deasitotar
of TPN tree (B) was significantly higher than between afte@®@N and healthy trees (BH).
Coleoptera and Chilopoda were only found under between TPN affecéedndehealthy
trees (BH). However, these invertebrates were present imlonbers. Furthermore, termite
and ant were only found under near collar of TPN affected tree (B).

The soil macrofauna in rainy season included Coleoptera, tern@gethworms,
Chilopoda, ants and other invertebrate (Figure 5). The macrofaunthevasst abundant in
soil near collar of TPN affected tree (B). The coleoptera iemgs the highest under
between healthy trees (HH) while no Coleoptera was observaganuader near collar of
TPN affected tree (B). Termite density was higher under d@iBdase (B and BH) than under
healthy tree (H and HH). The earthworm population was lowareas near collr of trees (B
and H) than areas midway between trees (BH and HH). The Chilop=danly found under
between healthy trees (HH). Abundance of ant was the highest imger between healthy
trees (HH). In area near collar of TPN affected tree (B), only tegnitgp was observed.

Soil macrofauna

60 @ Others

@ Ants
— Arachnida

50 @ Diplopoda
B Chilopoda
@ Earthworms

40 .
@ Termites
= Coleoptera

30

20 -

10 i

M - W ﬁ S

B BH_ MW B BH_H _HH
Rainy season Dry season

Figure 5 Density of macroinvertebrates in soil (individuaPhin the rainy and dry season
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[11.1.4.2 Macrofauna diversity

Diversities of litter and soil macrofauna were showed in table 3.

Litter macrofauna

In dry and rainy seasons, the diversity of Coleoptera was thestiginder between
healthy trees (HH) (included Carabidae, Elateridae, Scaraegei®taphylinidae,
Tenebrionidae, Dysticidae and larva). In rainy season, the ¢ethviérsity was the highest
under near collar of TPN affected tree (B) (included two spaméectedAncistrotermesp.
and Macrotermessp.) while Macrotermessp. was only found in litter under BH and HH
zones. In contrary, in dry seasdmcistrotermesp. andMacrotermessp. were found in all
sampling zones.

For the two sampling period, ant diversity was the highest uneigveen healthy

trees (HH) but the species richness of ant was the highest in rainy season.

Soil macrofauna

In rainy season, the diversity of Coleoptera was the highest untieedre healthy
trees (HH) (included Scarabaeidae, Tenebrionidae and larva) sdililender between TPN
affected tree and healthy trees (BH), and near collar othye#lee (H) have only one
Coleoptera species (included larva and Carabidae, respectivelyjerimee Ancistrotermes
sp. andMacrotermessp. were found in all sampling zones. Ant diversity was the kighe
under between healthy trees (HW)drphospeciesp. 2 and larva) while a@amponotusp.
3 andOdontoponerdransverswere observed under between TPN affected tree and healthy
trees (BH), and near collar of healthy tree (H), respectively.

In dry season, Coleoptera Tenebrionidae and Chilopoda were only found under
between TPN affected tree and healthy trees (BH). Howthese invertebrates were present
in low numbers. Furthermore, termitelgdcrotermessp.) and antGalyptomyrmesp.) were
only found under near collar of TPN affected tree (B).
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Table 3 Diversity of macrofauna in soil and litter under near collaaftécted tree (B),
midway between affected trees and healthy trees (BH), ndar oblhealthy trees (H) and

midway between healthy trees (HH) during rainy and dry seasons

Litter Soil
Rainy Dry Rainy Dry
B‘BH‘H‘HH B‘BH‘H‘HH B‘BH‘H‘HH B‘BH‘H ‘HH

Coleoptera

Carabidaesp. * | * *ok | X * *

Cerambycidaep. * * *

Coccinellidaesp.

Elateridaesp. * | *

Scarabaeidasp. * | * ”

Staphylinidaesp. * * * *

Tenebrionidaesp. A T L I I B L * *

Dytiscidaesp. *

Larva * * | % | * * *
Termites

Ancistrotermesp. * * EERERE

Macrotermessp. x| * * B ERERERE

Ants

Odontoponera transversa* | * ' * | * *

Pachycondylap. * | % *

Platythyreasp. * *

Pheidolesp. 1

Pheidolesp. 2 *

Morphospeciesp. 2 *

Myrmecinasp. *

Calyptomyrmesp. *

Paratrechina longicornis * * ok

Anoploepis gracilipes * | * *

Oecophylla longinoda Lo A B

Camponotusp. 1 * o *olx | X

Camponotusp. 2 O R R
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Litter Soll
Rainy Dry Rainy Dry
BH|[H|HH [B [BH [H [HH BH [H [HH |[B [BH [H [HH
Camponotusp. 3 LA * * *
Camponotusp. 4 *
Camponotusp. 5 ok |k
Camponotusp. 6 *
Larva * * *

(Table 3 continue)
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Diversity index

The specific data obtained on the major group were used toatalsaveral diversity
indexes: specific richness, Shannon index and diversity Simpson index (Table 4).

The specific richness considered that only the number of speciesrphospecies
was higher under near collar of TPN tree (B) and betweemhlgagates (HH). However, the
analysis of the Shannon and Simpson diversity indexes showed thatwezenes were
clearly different. The zone under midway between healthy tfidéy was high in both
indexes (1.10 and 0.90, respectively), this indicated that the macrofasmaunity was
composed by species with equivalent population.. For the zone under n@aoic®PN tree
(B), both indexes were low (0.54 and 0.67, respectively). This demauktheatt there are few
species dominated by a great number of individuals whereas otlusspere represented
by few individuals. Thus, the macrofauna community was equilibratearaa of midway
between healthy trees (HH) whereas it was incompletelyile@ied in area of near collar of
TPN tree (B). Thus, the macrofauna community was equilibrateceanairmidway between
healthy trees (HH) whereas it was incompletely equilibratearea of near collar of TPN tree
(B).

On the other hand, the similarity index of Jacquard was construcadde (%) and
showed that the macrofauna composition in condition of identical samglivegs ZH and B;
0.79, and BH and HH; 0.80) was higher similar than in different samptings (H and HH;
0.71, and BH and H; 0.62). This indicated that the influence of conditions pfisgmones

were important more than the presence of TPN disease.



Table 4 Specific richness, Shannon index and Simpson index of macrofauna

Specific richness Shannon Simpson
B 20 0.54c 0.67c
BH 16 0.93b 0.83b
H 15 0.90b 0.83b
HH 21 1.10a 0.90a
Table 5 Jacquard similarity index of macrofauna
B BH H HH
B 1 0.77 0.79 0.78
BH 1 0.62 0.80
H 1 0.71
HH 1

44
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Conclusion

The macrofauna diversity has used as biological indicatasilbflisturbance because
it reflects the impact of environmental change (Nahneasil., 2006; Velasqueet al.,2007;
Yankelevichet al., 2007). In rainy season, most invertebrates were associatechngdb
between trees (BH and HH) more than areas near collareed {B and H). The areas
between trees in this plantation were accumulated with organeriadgs, especially, litter.
The higher food source influences macrofaunal population and diversitynyrsesason, the
difference in Coleoptera abundance between BH and HH was not obvidéstgrdi but the
diversity was the highest in area between healthy treéf. (Hkewise, the earthworm
population was mostly found in soil under between healthy trees (HH). For theltfopesa
the quality of litter has been showed to affect macrofaunal pogulgiou, 1993; Mboukou-
Kimbatsaet al., 1998; Gonzalez and Zou, 1999). The quality of plant materials depends on
chemical component, which is the important factor to regulate tleeofaanal abundance
and diversity. As mentioned above, the TPN affected tree may cdataiims more than
healthy tree. The exceeding tannins can adversely affect samgebrates. Tannins are
binding protein agents, which are able to bind digestive enzymbmitoassimilation in
insects. This has effect on survival and growth of macrofauna. Comslggueacrofaunal
abundance and diversity was low (Loranger-Meragtisal., 2007). However, (Ayrest al.,
1997) suggested that the same tannin had different effect on differentone insects. In
this plantation, Coleoptera gen@erambycidagElateridae Scarabaeidaeand Dytiscidae
were not found in both soil and litter under TPN affected trees\(8#&l). These Coleoptera
genera may be affected by tannins from trees affectedPdy. On the other hand, some
insect species in Carabidae and Tenebrionidae were detectkds@amaling zones. These
macrofaunas may resist polyphenols.

The termite density was higher under TPN affected treesn(BBH). Severe TPN
causes the bark to slough off at the collar. As only healthy lwertaicing latex and cyanide
is able to block boring insects, the unprotected wood can be attackedhiigs to become
part of their habitat. Consequently, the zones with the highest @éepojpulation were
strongly associated with areas under the affected trees.

In dry season, soil macrofaunal diversity in dry season was lower than ingasons
The Coleoptera was detected only in soil under between TPNeaffdee and health trees
(BH) but its diversity was very low, only Tenebrionidae was founds Thay be due to
climate condition. The climate is considered to be the most immidetetor in the regulation

of macrofaunal community. In drought circumstance, soil was anl heand because of
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decreasing soil water levels. Soil moisture, which is greatigociated with seasonal
variation, significantly affects soil macrofauna (Sroka andHir2006). In this season, no
earthworm was found in all sampling zones because the earthwaybe mmigrate to deeper
soil layers. In during winter and summer, the earthworms cah r@aepth of 40-45 cm and
was in quiescent stage (Reddy and Pasha, 1993) whereas macnetsuallected in a

maximum depth of 30 cm in this study.



[11.1.5 TPN AND SOIL ENZYME ACTIVITY

[11.1.5.1 Rainy season

These results have been published in Forest Pathology
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Summary

Trunk phloem necrosis (TPN) is currently one of the most economically imporrant diseases of the
rubber tree (Hevea brasiliensis). Investigations of the aeticlogy of the disorder have failed to identify
any biotic causal agents but a multidisciplinary study has recently suggested that the disease may be
caused by a combination of exogenous and endogenous stresses. These stresses can affect plant
physiology and may also have an impact on soil biology and soil biochemistry. In this study,
macrofauna diversity and soil enzyme activities were compared for the soils under trees affecred by
TPN and under healthy trees. Principal component analysis revealed associations between TPN and
macrofauna diversity and soil enzyme activities. Groups of ants and termites were associated with the
soil under healthy and trees affected by TPIN respectively. Polysaccharidase (cellulase, xylanase and,
particulatly, amylase) activities were lower in the soil under trees affected by TPIN whereas
N-acerylglucosaminidase activity was higher. These findings suggested that termire density and
N-acerylglucosaminidase activity are useful indicators of TPIN, while lower values of polysaccharid-
ases activities are the consequence of this disease. The impact of TPN on soil ecosystem was discussed.

1 Introduction

The rubber tree (FH{eves brasiliensis) is an important source of natural rubber. Rubber tree
bark necrosts [Trunk phloem necrosis {TPN)] has become a serious problem in rubber tree
plantations because this disease prevents latex production. TPN was first described in the
1980s in Ivory Coast by NANDRIS et al. (1991a). The first visible symptoms are necrosis of
the bark at the collar with thin cracks that extend upward towards the tapping panel. When
the tnner phloem, which contains the laticifers, becomes affected, the latex production is
affected and the ‘panel cut’ becomes dry {IN1coLE et al. 1991). On-going and completed
studies to 1dentify a pathogen have failed to confirm any causal agents such as fungi and
fungus-like organisms {e.g. Phytophthora, Pythium, Fusariwm), bacterta, phytoplasma,
viruses or viroids {NANDRIS et al. 1991b; PEILEGRIN et al. 2007). In addition, several
experiments (bud grafting, bark implantation, tapping knife disinfection) and the spatio-
temporal medelling of TPN dynamics have shown ne evidence of pathogen transmission
{PEYRARD et al. 2006).

The first breakthrough on TPN was reported by Nanpris et al. (2004, 2005, 2006) who
concluded thar this disease may be caused by a combination of exogenous and endogenous
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stresses. In particular, soil compaction which can induce water stress affecting the health of
the trees and low soil fertility were thought to increase the risk of the syndrome.
TFurthermore, the non-optimal vascular interface between the rootstock and the scion,
combined Wu:h a major phystological dysfunctmon (cell disruption) can lead to the release of
native cyanide in the inner bark, thus causing cell death and spread of necrosis in the
phloem (CHERSTIN et al. 2004). All these stresses may disrupt physiological metabolisms of
rubber trees and consequently affect the soil blOIOgIC&I microenvironment around the tree.
However, the real impact of TPN on soil ecology is unknown.

Soil is a basic resource for agricultural production systems. Soil quality is fundamental
to the success of crop production systems and is associated with soil biclogical activity.
Soil macrofauna, considered to be ecosystem engineers (sensu JoNEs et al. 1994), play an
important role in soil formation, affecting organic matter decomposition and nutrient
cyclmg Increasmg soil macrofauna diversity tends to increase the denSIry of soil
m:croorgamsms as macrofauna can modity the conditions for microorganisms which are
important sources of enzymes in soil (Mora et al. 2005). Enzymes are the main
medtiators of soil biological processes: organic matter degradation, mineralization and
nutrient cycling. Both the soil microorganisms and macrofauna can modify the physical
and chemical properties of the soil and can be used to monitor soil quality in agricultural
land. The soil biochemical state has been suggested as sensitive indicator of soil ecological
stress recovery processes in agro-ecosystems. Numerous studies have been published on
the potential use of enzyme activities as indicators of soil productivity. For example,
enzyme activities in soil have been used to investigate pesticide pollution {Sannino and
Gianerepa 2001), the impact of cultivation (VEPSALAINEN etal. 2001; Acosrta-
MAaRTINEZ et al. 2007) and metal pollution {EPELDE et al. 2008, Li et al. 2009). Soil
enzyme activities have also been proposed as indicators for suppressive defence against
soil pathogens (NASEBY et al. 1998; BRUGGEN and SEMENOV 2000; RasMUSSEN et al. 2002;
LEON et al. 2006).

Biological indicators in soil under rubber trees affected by TPN merit study. The
determination of macrofauna diversity and soil enzyme activities may be useful for
obtaining a greater understanding of the relationship between this disease and soil
ecosystem functions. The main objectives of this study were (1) to investigate soil biological
indicators in a rubber tree plantation which had high incidence of TPN and (it) to
determine the differences in such indicators between the soils under trees affected by TPN
and under healthy trees.

2 Materials and methods

2.1 Field site description

The study was conducted in the 9-year-old rubber plantation in Burt Rum province,
northeastern Thailand (15°16"18'IN and 103°0°6’E). The climate is tropical with the rainy
season occurring from May to October. During the 5-year period 2001-2006, the mean
annual rainfall was 1207 mm (which is very low for rubber plantations) and the mean
annual temperature was 26°C. The soil is sandy loam with 67, 24 and 9% of sand, silt and
clay, respectively. The rubber tree plantation was characterized by low input farming and a
high incidence of TPIN (20-25% of trees affected). The study site was sampled during the
rainy season {July to October 2006).

2.2 Experimental design

Trees affected by TPN and healthy trees were selected using the annual tree health survey
carrted out by D. Nandns., Ten plots were chosen and in each plot, four different
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sampling zones were selected: next to affected trees (B), half-way between affected trees
and healthy trees (BH), next to healthy trees (H) and half-way between healthy trees
(HH) (Fig. 1).

2.3 Sampling design

2.3.1 Sampling of macrofauna

The tropical soil biology and fertility method was used to sample soil macrofauna
(AnDERSON and INGrRaM 1993). A block of soil (25 % 25 x 30 cm) was taken and
macrofauna collected at three depths (0-10, 10-20 and 20-30 cm). The macrofauna were
hand sorted to extract invertebrates with a body length greater than 2 mm. Invertebrates
were preserved in 4% formalin and separated into nine broad taxa (orders or families).

2.3.2 Sampling of soil and preparation

For sampling the soils in each zone, a block (12 x 12 x 10 ¢cm) was taken using hand
trowel. The block was separated into three layers (0-2, 2-5 and 5-10 cm). The samples
were air-dried, ground and sieved to 2 mm. Plant residues and roots were removed.
Three identical sampling zones with depth, samples were mixed for enzyme activity
analysis.

2.4 Soil enzyme activity

To evaluate soil enzyme activity, the soil samples were incubated with purified water
(1 g/150 ul) at 25°C for 48 h to reactivate the microflora. Enzyme assays were carried out
in triplicate to measure activities. f-Glucosidase, N-acetyl-glucosaminidase, amylase,
cellulase and xylanase activities were assayed using a modification of the procedure
described by Mogra et al. (2005). The modified Berthelot reaction (KANDELER et al. 1999)
was used to measure urease (EC 3.5.1.5) activity. Total microbial activity potential was
measured using fluorescein diacetate (FDA) hydrolysis in which colourless FDA is
hydrolysed releasing the coloured end product fluorescein (GREEN et al. 2006).

p-Glucosidase and N-acetyl-glucosaminidase activities were assayed using p-nitrophenyl
p-p-glucopyranoside and p-nitrophenyl N-acetyl glucosaminide (Sigma, St. Louis, MO,
USA) as substrates. Soil (200 mg) was incubated at 37°C for 2 h with 200 ul of 1% (w/v)
substrate and 100 ul of citrate phosphate buffer at pH 5.8. The reaction was stopped with
2% Na,COs (w/v). After centrifugation at 12000 g for 5 min, absorbance was measured at
420 nm. Enzyme activities were expressed as ug PNP released g™' soil h™".

o O O O

® 0 Qo
O O O O

Fig. 1. Sampling scheme in the rubber tree plantation: healthy tree (O), tree affected by TPN (@). B is
near the collar of tree affected by TPN, BH is midway between affected tree and healthy tree, H is near
the collar of a healthy tree, HH is midway between healthy rubber trees.
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Actvities of amylase, cellulase and xylanase were determined using starch, carboxy-
methyl-cellulose and xylan as substrates, respectively. Soil (200 mg) was incubated with
200 ul of 1% (w/v) substrate and 100 ul of citrate phosphate buffer at pH 5.8 at 37°C for
4 h. After incubation, reducing sugars were measured using the method of Somocy1 (1945)
and NEeLson {1944). Absorbance was measured at 650 nm and the results were expressed
as pg ghicose released g~ soil h™ .

For urease activity, 200 mg of soil was mixed with 400 ul of 100 mm borate buffer (pH
10.0) and 50 yl of 720 mm urea. After incubation at 37°C for 4 |, the reaction was stopped
with 3 ml acidified 2 M KCl and 1.5 ml of the mixture was centrifuged at 13000 rpm for
5 min. One millilitre of the supernatant was mixed with 5 ml ofa 1 : 1 : { {(v/v/v) mixture
of sodium salicylate/sodum nitroprusiate reagent (17%, w/v and 0.12%, w/v, respec-
tively), 0.3 M NaOH and distilled water. Finally, 2 ml of 39.1 mm of sodium dichloro-
isocyanurate and 2 ml of distilled water were added. After agitation in the dark for 30 min,
abiorbanci was measured at 660 nm and enzyme activity expressed as ug N-NH,"
g soll h™.

For FDA hydrolysis, 200 mg of sotl was incubated for 2 h at 37°C, with 25 ul of 4.8 mm
FDA solution and 1.5 ml of a citrate phosphate buffer at pH 5.8. After incubation, the
suspension was centrifuged at 13000 rpm at room temperature for 5 min and 750 ul of the
supernatant was taken. The activity was stopped by adding 750 ul of acetone. The amount
of FDA hydrolysed was measured as absorbance at 490 nm and the activities were
expressed as pg fluorescein g h™"

2.5 Statistical analysis

The relattonship between macrofauna diversity and enzyme activities and the different
sampling zones was determined by principal component analysis (PCA) using ADE-4
software (I HIOULOUSE et al. 1997). A permutation test was used to check the significance
of the groups suggested by PCA. anova was used to apply the Tukey test (p < 0.05).

3 Results

3.1 Macrofauna

The soil macrofauna density was higher near the collars of the affected trees (B); it was not
significantly different in between the trees (BH and HH). Near the collars of the healthy
trees (H), the macrofauna density was clearly lower than in the other zones (Fig. 2).

Termites were the largest taxonomic group near the collars of the trees and were the only
macrofauna group near the affected trees (B) and in between healthy and affected trees
(BH). The macrofauna diversity was higher in both zones between trees than near the
collars of the trees (Fig. 3). Although the macrofauna density was low between healthy
trees (HII), the diversity was the highest.

3.2 Enzyme activities

3.2.1 Polysaccharidases

Cellulase, xylanase and amylase activities were lowest in soil sampled near the collars of
affected trees (B) and lower between affected and health trees (BH) than near healthy trees
{H and HH) {Table 1). Xylanase and amylase activities near the collars of the affected
trees {B) were signtficantly lower {p < 0.05) than near healthy trees. The soil under healthy
trees had the highest amylase acuvity, significantly higher than under affected trees

(Table D).
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Fig. 2. Density of soil macrofauna in the four zones (B, BH, H and HH).
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Fig. 3. Macrofauna diversity: proportions of each taxonomic group in sampling zones, number of
species in the taxon.

3.2.2 Heterosidases

p-Glucosidase, N-acetyl-glucosaminidase hydrolysis activities were not significantly
different between soil sampled near affected trees or healthy trees.
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3.2.3 Uprease

The highest values of urease were between healthy and affected trees (BH) and were
significantly higher than for the soil close to both affected and healthy trees (B and H).
There was no significant difference in activity for the samples taken from between trees

{BH and HH) (Table 1).

3.2.4 FDA bydrolysis

Fluorescein diacetate hydrolysis activities of the soil samples collected in the various zones
were not significantly different (Table 1).

3.3 Multivariate analysis

Principal component analysis showed that the soil under healthy trees (H) was assoctated
with the highest amylase activity and the highest density of ants along axis 1 (Fig. 4). For
the soil under atfected trees (B), all the enzyme activities tested were low while the termite
density was the highest. Soil samples with high cellulase, xylanase and amylase activities
were assoctated with healthy trees (H and HH). Multivariate analysis revealed that the
highest N-acetyl-glucosaminidase activity was associated with the soil between affected
and healthy trees (BH). f-Glucosidase, urease and FDA hydrolysis activities were higher in
sampling areas between trees (HI and BH).

4 Discussion

Macrofauna diversity was used as a biological indicator of soil disturbance because it
reflects the impact of ecological stresses (VELASQUEZ et al. 2007). Termite density was
highest near affected trees (B and BH). Severe TPN causes the bark to slough off at the
collar. As only healthy bark containing latex and cyanide 1s able to block boring insects, the
unprotected wood can be attacked by termites to become part of their habitat.
Consequently, zones with the highest termite populations were strongly associated with
the soil under the affected trees.

Principal component analysis revealed that most of the enzyme activities were low near
the collars of the rubber trees (B and H), as these zones did not accumulate leaf litter that 1s
a major source of soil organic matter. Plant litter 1s an importance source of nutrients for
sotl microorganisms (BARDGETT and SHINE 1999; Ruan et al. 2005; ABrRaHAM and CHUDEK
2008) and litter input can increase soil enzyme activity (DornsusH 2007). High urease,
B-glucosidase and FDA hydrolysis activities were found berween the trees (HH and BH

Table 1. Soil enzyme activities (g of product g soil h™") in four different zones; near collar of
tree affected by TPN (B), midway between tree affected by TPN and healthy tree (BH), near collar
of healthy tree (H) and midway between healthy trees (HH).

5- N-Aceryl- FDA
Cellulase  Xylanase Amylase Glucosidase glucosaminidase  Urease  hydrolysis

B 03+05a 08zx16a 23+22a 111+82a 11 +08a 08+03ab31+10a
BH 10 +08ac 28+ 08b 67 +16a 298+286a 12+07a 20+09c¢ 471262
H 07+07ac32+12b229+78¢c 86+58a 09+£08a 07+£05a 34+£10a
HH 15+10bc 38 +11b 129 +29b 322 +326a 13+06a 1.7+£11bcb53+232

Means within the same row followed by different letters are significantly different using Tukey
HSD test (p < 0.05) (#: standard deviation, n = 9).
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Fig. 4. Principal component analysis in four different zones.

zone). These zones accumulated abundant litter and thus the environmental conditions

(such as soil microorganisms, humidity, etc.) producing these enzymes were similar.
Cellulase, xylanase and amylase activities were higher near healthy rubber trees (H and

HH) than affected trees (B and BH) {Fig. 2). Thus, healthy trees were strongly associated
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with polysaccharidases which can break down carbohydrates and release glucose as a
source of available energy. These enzyme activities were rather low near affected trees.
This effect may result from the difference in chemical composition between the leaves
trom healthy and affected trees which could have an impact on the quality of the litter and
consequently on enzyme activities. Numerous studies have shown that [itter quality
influences various enzyme activities, increasing or decreasing the litter decomposition in
the soil (FioReTTO et al. 2000; KoOURTEV et al. 2002; GUsewiLL and FreeEMan 2005). In
the rubber tree plantation in this study, dead plant materials or plant components (such as
bark, branches, litter and latex) were the main source of organic matter for decomposition.
The accumulation of defenstve chemicals in the leaves or plant components of affected
trees may affect soil enzyme activities. Some papers have reported that TPN may be
caused by multiple exogenous and endogenous stresses (INANDRIS et al. 2004, 2005, 2006).
Tapping bark for latex (too frequently, badly carried out or using chemicals for latex
stimulation) contributes to the cumulative stress. Rubber trees can respond to such
wounds or stresses by producing defensive chemicals including polyphenol as tannins
(EvLEs et al. 2004). Tannins can inhibit the activity of extracellular microbial enzymes
(ScarserT 1991) including polysaccharidases such as cellulase and xylanase (GAMBLE et al.
2000; BaraHoNA et al. 2006). Furthermore, high levels of tannins may influence soil
mineralization and humus formation, decreasing soil fertility (BRabpLEY etal. 2000;
Driese and Warraam 2000; Kravs et al. 2004; Nieror et al. 2006; WURZBURGER and
HENDRICKE 2007).

Principal component analysis showed that N-acetyl-glucosaminidase activity was
assoctated with the area between health and affected trees (BH). N-Acetyl-glucos-
aminidase is one of the enzymes involved in chitin degradation (EKENLER and
Tasatrasar 2002). Chitinase has been found in plant tissue such as seed, bark, stems,
leaves and roots {(HERNES and HEDGEs 2004; Kosora et al. 2004; Kraus etal. 2004;
Santos et al. 2004) but are also produced by microorganisms. In plant, this enzyme is
rarely detectable in healthy plants but can be produced in reaction to damage or stress
caused by various biotic or abiotic factors (MavucH et al. 1988). Hevea brasifiensis can
produce chitinases (Bokma et al. 2002) with antifungal activity against several
pathogenic fungi (Parys etal. 1991; Grorpani etal 2002; KanokwIRooN etal
2008). Chitinase activity is high in laticifers producing latex but low in healthy tissues
such as leaves, stems or roots (MARTIN 1991). However, it would be important to
determine the origin (trees or microorganisms) of N-acetyl-glucosaminidase activity
detected in the BH to understand why 1t 1s produced only in this zone.

This study showed that TPN of H. brasiliensis has strong long-term effects on the soil
ecosystem and soil fertility. PCA showed that the soil near affected rubber trees has lower
polysaccharidase activities. This may be the result of secondary metabolites produced by
affected trees. As little i1s known about the relationship berween TPN and defensive
chemicals and the tmpact of these agents on soil enzymes in rubber plantations, research is
required into the secondary metabolites of trees affected by TPN.

5 Conclusion

The PCA carried out in this study showed for the first time that some biological activity
indicators can help to distinguish between healthy trees (H and HH) and trees affected by
TPN (B and BH). This distinction seems to be useful for observing the impact of TPN on
the ecology of rubber tree plantations. Termite density was strongly assoctated with TPN
(B and BH). High cellulase, xylanase and amylase activities were assoctated with
healthy trees and were lower near diseased trees. PCA also indicated that N-acetyl-
glucosaminidase activity was associated with the zone between healthy and affected trees
(BH). It is suggested, therefore, that termite density, polysaccharidase activittes and
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N-acetyl-glucosaminidase activity can be used as indicators of the impact of TPIN on soil
ecology. However, the production of secondary metabolites as a result of TPN must be
investigated. Further research needs to be carried out to assess the biological activities
during the dry season in order to confirm this hypethesis.
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Conclusion

The principal component analysis carried out in this study shdoveitie first time
that some biological activity indicators can help to distinguish éatvmhealthy trees (H and
HH) and trees affected by TPN (B and BH). This distinction seenbe useful for observing
the impact of TPN on the ecology of rubber tree plantations. Teduwitsity was strongly
associated with TPN (B and BH). High cellulase, xylanase anglaae activities were
associated with healthy trees and were lower near diseassd PCA also indicated thisit
acetyl-glucosaminidase activity was associated with the zamee&e healthy and affected
trees (BH). It would seem that termite density, polysaccheeidectivities andN-acetyl-
glucosaminidase activity can be used as an indicator of the imp@&N on soil ecology.
However, the production of secondary metabolites as a result ofnTiN be investigated.
Further research needs to be carried out to assess the biolgiedles during the dry

season in order to confirm this hypothesis.
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[11.1.5.2 Dry season
The expression of soil enzyme activities in dry season was ghoviable 6. Enzyme
activities were higher in soil under midway between tredd &@8d HH) than under near

collar of trees (B and H).

Polysaccharidases

Cellulase and xylanase activities under TPN trees (B anda®f higher than under
healthy trees (H and HH) and were the highest in midway leetW®N and healthy trees
(BH). Amylase activity was the highest in midway betweealthg trees (HH) and was the
lowest in near collar of TPN affected tree (B). However, atissically significant difference

in polysaccharidase activities was observed.

Heterosidases

B-glucosidase activity was higher in soil under midway betwessst(BH and HH)
than under near the collar of tree (B and H). This enzyme activispil under midway
between healthy trees (HH) was the highest and soil undercoksr of TPN tree (B) was
the lowest. However, no significant difference was observed.

The assay of N-acetyl-glucosaminidase activity showed thasdie under midway
between trees (HH and BH) were significantly highe£(Q.05) than under near collar of tree
(B and H). Soil under midway between healthy trees (HH) was highacetyl-

glucosaminidase activity than under midway between TPN and healtby(Bidie

Urease
Soil under midway between healthy trees (HH) showed the highessteuactivity and

it was significantly higherR<0.05) than other zones.

Fluorescein diacetate (FDA) hydrolysis

Soil under midway between TPN and healthy trees (BH) was tjieedti FDA
hydrolysis activity and was significantly highé?<0.05) than under near collar of trees (B
and H).
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Table 6 Soil enzyme activitiesufy of product g soil b in H. brasiliensisplantation under
four different zones; near collar of tree affected by TPN if@)iway between tree affected
by TPN and healthy tree (BH), near collar of healthy treeafit) midway between healthy
trees (HH) during dry season

B BH H HH
Cellulase 2122a 24%.6a 2.00.6a 1.8t.5a
Xylanase 0.9t5a 1.2t+.2a 0.00.1a 0.8t.0a
Amylase 2.12.7a 41t.4a 3.9b9a 5.6t.7a
B-glucosidase 10.0#6a | 25.126.4a | 14.419.2a| 34.027.0a
N-acetyl-glucosaminidase 3.48a 6.920b 264.5a 7220b
Urease 1.2865a 2.08.6a 1.56.3a 3.2t.4Db
FDA hydrolysis 0.88.2 ab 1.38.4c 0.76.3a 1.26.5 bc

Means within the same column followed by contrasting letterssigmaificantly different
among treatment using TukeyHSD td3t(.05) (+ standard deviation, n=9)
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Multivariate analysis

PCA showed axis 1 and axis 2 for 55.3% and 17.5% of the variance, tresgec
(Figure 6). Testing the significance of groupings (zones) wasedaout on 10,000
permutations and was significantly discriminated (P<0.002). The fe@&aled that the soil
under near collar of healthy tree (H) was associated witHothieexpression of all tested
enzymes. The high values of urea@@lucosidase, amylase, N-acetyl-glucosaminidase and
FDA hydrolysis activities were associated with soil undedway between trees (BH and
HH). The soil under midway between TPN affected tree andhyeakes (BH) had the

highest expression of xylanase and cellulase.

p-glucosidase

Amylage Axis 1 (55.3%)

N-acetyl-glucosiminidase

FDA hydrolysis

Xyvlanase

% " =20
Cellulase Axis 2 (17.5%)

(P<0.002)

Figure 6 Principal component analysis showed the relationship between sginenz
activities and sampling zones with near collar of TPN affeiresxl(B), near collar of healthy
tree (H), midway between TPN affected tree and healthy(Beg and midway between
healthy trees (HH) in dry season.
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Conclusion

In contrast with rainy season, in dry season, PCA showed that sglana cellulase
activities in soil with TPN affected trees (BH and B) evbigher than with healthy trees (HH
and H). This indicated that soil enzyme activities may be re#tly affected by tannins. At
the time of taken samples, the brasiliensisshed leaves and is not collected latex, the trees
are not stressed by tapping and thus, the tannins may be notagttnuh addition, the
concentration of soil tannins in dry season may be not enough to iaehiyime activities
because tannins, the water soluble polyphenols, are readily leachddpersed into soil by
rainfall (Hattenschwiler and Vitousek, 2000; Teklay, 2004).
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[11.1.6 TPN AND FUNGAL COMMUNITY

These results have been submitted to “Environmental microbiology”.
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Summary

Trunk Phloem Necrosis (TPN) is an economically important diseabe rubber tree
(Hevea brasiliensis because it obstructs the latex flow. TPN is considered to be a
physiological plant disorder caused by a combination of exogenous dogesious stresses.
Environmental stresses can affect the soil ecosystem andissapeude plant stress. This
study of the fungal community composition was carried out on soil imeryidantations with
a high incidence of trees affected by TPN to obtain better understanding optet ohTPN
on soil fungi. The analysis of culturable soil fungal populations regeilat the fungal
density near trees affected by TPN was not significantfierdifit from that near healthy
trees. The analysis of the fungal diversity using a madecapproach (fungal 28S DNA-
DGGE) with DNA extracted directly from the soil showed thatdal diversity near trees
affected by TPN tended to be higher than near healthy treestiiceure of the soil fungal
community was determined from a similarity dendrogram of ZBEA-DGGE banding
patterns. There were two distinct clusters: near treestaffddy TPN and near healthy trees.
This suggested that there was a significant correlation betwedain fungi and trees
affected by TPN. The effect of TPN on soil fungi is discussed

Keywords: Rubber tree; Trunk phloem necrosis; Plant physiologicsdrder; fungal

community.

Introduction

The rubber treeHevea brasiliensjsis an important source of industrial rubber.
However, rubber tree trunk phloem necrosis (TPN) has become a majuderpras it
prevents latex production, which has had a serious effect on the ecor@iys €onsidered
to be a plant disease caused by a physiological disorder agtologists have reported that
it was not possible to detect biotic pathogens using either convdr(fReyeiardet al., 2006)
or molecular methods (Pellegrat al.,2007). Exogenous and endogenous stresses may cause
this syndrome (Nandrist al., 2004) and stressed trees may also affect the soil ecosystem.
Interaction between plants and microorganisms is an important opaa forest soil
ecosystem. Soil quality depends to a considerable extent on sodbescwhich are of
fundamental importance for soil functioning and fertility (Ellia#t al., 1996). Soil
microbiological parameters can, therefore, be used as indicators of distitbasoil ecology
(Dick, 1992; Dilly and Blume, 1998).



67

Fungi are heterotrophic organisms which play a role in soil nutrigling, because
their extracellular enzymes degrade the organic matterstita¢ source of nutrients for them
as well as for plants (Khaiet al., 2006; Pavarin&t al., 1999; Tribaket al., 2002; Vidalet
al., 1999). However, the decomposition capacity of fungi depends on the typbuartthace
of organic materials (Salihat al., 2005). Some fungi are able to convert toxic chemicals
(such as cyanide) in soil into essential nutrients for plantse(Mareineret al., 1991). Fungi
can also regulate soil physical properties as the stabilityoil aggregates is affected by
fungal hyphae (Harriet al., 1964; TonThat and Cochran, 2000): this can assist water
movement in soil and encourage root growth. Soil fungal diversity iseinfed by various
factors including the soil management system (Lueasd., 2007), climate change (Frega
al., 2008) and soil pollution (Kandelegt al., 2000). The structure of the soil fungal
community is, therefore, considered to be important for understandingelgonship
between environmental factors and ecosystem functioning.

The effect of various factors on the composition of the soil micra@oigmunity can
be studied using culture dependent and culture independent techniques. Howlawer, c
dependent methods still have limitations because many microorganishessoil cannot be
cultured in synthetic media in laboratory conditions (Borneetaal., 1996; Torsviket al.,
1998; van Elsagt al., 2000). Culture independent methods have been developed to study
these microorganisms in their environment. Molecular biology technigreegffective for
detecting both culturable and non-culturable microorganisms in thebratmpopulations
present in soil. Denaturing gradient gel electrophoresis (DGG&)bban used widely to
study the soil microbial community. This technique involves amplifyiine target-DNA
region and PCR products of similar length are separated in pdametdy gel containing a
gradient of denaturing conditions (Kidt al.,2004; Nakatsu, 2007). The DGGE technique is
a reliable, reproducible and rapid method for studying soil microloraksity (Duineveldet
al., 2001; Maarit-Niemiet al., 2001). This technique is used for studying the soil microbial
communities associated with agricultural practices (Hatgal., 2003; Nakatswet al., 2000;
Sekiguchiet al., 2008; Siddiqueet al., 2005), degradation substrates (Cosgretval., 2007;
Daset al.,2007; van der Wadt al.,2006) and plant genotypes (Ikeetaal.,2006)

There is currently no information on how the soil fungal community responds to TPN.
However, an examination of this process would be useful to show hovaffeeted by TPN
influence soil fungi as this may have a long-term effect on emmlogy. This study was
designed to provide information on the fungal community structureilimsder rubber trees

affected by TPN, using both culture dependent and molecular approaches.
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2. Methods and materials
2.1 Field site description

The field site was a 9 year-old rubber plantation in Buri Rum preyinorth east
Thailand (15° 1618’ N and 103° 06" E). The plantation was planted with trees of variety
PRIM600 and had a high incidence of TPN (20-25% of trees affected). The dbrrafgical
with a mean annual temperature of 26°C and mean annual rainfall 12¢¥emyntow for a
rubber plantation). The soil was sandy loam (67% sand, 24% silt anda§yowsth low
organic matter content (0.88-1.34%).

2.2 Soil sampling design and preparation

The soil samples were collected during the rainy seasontQldgtober 2006). Trees
affected by TPN and healthy trees were selected usingnimeal tree health survey carried
out by D. Nandris. Ten plots were chosen and samples were takefofrodifferent zones
in each plot: near to trees affected by TPN (B), half-vatyveen affected trees and healthy
trees (BH), near to healthy trees (H) and half-way betvwealthy trees (HH). In each zone,
a block of soil (12x12x10 cm) was taken and separated into three (@2 cm, 2-5 cm, and
5-10 cm). The soil was air-dried, ground and sieved to 2 mm. Pladuessand roots were
removed. The samples were prepared for fungal analysisxXggsoil from the same depth

in three identical zones.

2.3 Soil fungal enumeration and isolation

The soil fungi were counted using a plate dilution method adaptedOrout et al.
(2005). The soil (5g) was agitated in 50 ml of dispersing solution (@g/sodium
pyrophosphate and 1.2 g/l of bactopeptone) for 30 minutes and allowed ifptgtedor 15
minutes. The fungal suspensions were diluted to 10% in a physiolegicaion (9g/1 of
NaCl). 200 ul of each diluted fungal sample was cultured on Sabouraud medium (with
0.005% w/v of Chloramphenicol — Sigma). The assay was performeaglicate. The size of
fungal colonies was determined after incubation at 27°C for 5 daysdiStiect colony
morphotypes were isolated and purified on Sabouraud medium. The mycelia ofiskiegte

were conserved at -20 °C for molecular identification.

2.4 |dentification of culturable fungi
The taxonomic position of selected fungi was identified by madedniblogy. DNA

was extracted from the mycelium using the method described [Baflista (Di Battista,
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1997). A 650 bp nucleotide fragment (ITS1-5.8S-ITS2 region) was aetphly PCR using
primer sets ITS1 (5TCCGTAGGTGAACCTGCGG 3) and ITS4 (5
TCCTCCGCTTATTGATATGC 3’) (Whiteet al., 1990). PCR amplification was performed
using Ready-To-Go Taq poloymerease (Pharmacia). The PCRescykre initial
denaturation at 94°C for 5 minutes, 29 cycles at 94°C for 45 seconds, 6(2& $econds,
72°C for 1 minute and a final elongation step at 72°C for 30 seconds usmgnBe’CR
System 2400 (Perkin-Elmer). All PCR products were fingerprintegldstrophoresis using 5
ul of product in 2% (w/v) agarose gel with a 0.5X TAE buffer (Biorad) and ethidium bromide
(0.5 ng/ml) staining. DNA sequencing was performed using Genome Exf@Grssoble,
France). The DNA sequences were compared with other DNA sspi@ising GenBank
BLAST searches.

2.5 Genetic diversity of soil fungi

Fungal DNA was extracted from soil samples as descripé&blieus (Porteowst al.,
1997). The 28S rDNA region was amplified wusing primer sets 403f (5
GTGAAATTGTTGAAAGGGAA 3’) and 662r (5° GACTCCTTGGTCCGTGTT Bwith a
40 bp GC clamp (Sigler and Turcob, 2002). PCR amplification was pedousieg Ready-
To-Go Taq poloymerease (Pharmacia). The cycles were idewéturation at 94°C for 5
minutes, 35 cycles at 94°C for 30 seconds, 50°C for 1 minute, 72°C for Zmand a final
elongation step at 72°C for 10 minutes using a GenAmp PCR Systen{P&l@h-Elmer).
The PCR products were fingerprinted as described above and PCR amplieons
determined for different positions by DGGE (Denaturing GradsmitElectrophoresis) using
the DcodeTM Universal Mutation Detection System (Biorad, Richmond, CA). ForEH@G
ul of product was loaded onto 8% (w/v) polyacrelamide gel with arigesadient of urea and
formamide denaturants increasing from 35%-60% (100% denaturantnsoit® urea and
40% (v/v) formaminde). Gel electrophoresis was carried out at @0Y0f minutes then 75V
for 16 hours. Gels were run in 0.5X TAE at a constant temperatid@°Gf The gels were
stained using an ethidium bromide solution and photographed under UV traimstiom

using GelDoc 2000 system (Biorad).

2.6 Statistical analyses

The mean soil fungal densities in the four different zones wenepared and the
statistical difference was measured by the ANOVA-Tukay tsing the R program version
2.7.0. The 28S rDNA DGGE banding patterns were analyzed based banith@ppearance
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and disappearance using image analysis software QuantityBianeafl). Banding data from
the DGGE gel was used to evaluate the genetic similarifyragi from the four different
sampling zones. The genetic similarity of fungal 28S rDNA wasasured using Dice
coefficients and a similarity dendrogram was created using UPGM#v¢ighted Pair Group

Method of Arithmetic means) and Quantity One, version 4.2.1.

3. Results
3.1 Soil fungal enumeration and selected strains

The fungal community was evaluated using a plate dilution methodnudrber of
culturable fungal strains in zone H were higher than in zone B bugmifiant difference in
fungal density was observed. However, the number of fungal strarme BH was slightly
higher than in zone HH but, again, there was no significant differendéengal density
(Table 1).

Five fungal strains were selected based on their abundance in the soil reefer t
affected by TPN (B and BH). The selected fungi were ifledtiby comparing the DNA
sequence with the Genbank database using the Blast program. eVe@led that
Paecilomyces lilacinusand Thielavia hyrcaniaewere dominant in zone BH while

Trichoderma asperellurmandCorynascus kuwaitiensigsere dominant in zone B (Table 2).
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Table 1. Number and density of fungi in soil in near the collateees affected by TPN (B),
midway between diseased trees and healthy trees (BH)theeaollars of healthy trees (H)

and midway between healthy trees (HH).

Sampling zones Number of fungal Density (Logo CFU/g of dry weight soil)
strains
B 25 3.46 ©.22 a
BH 22 3.330.27 a
H 30 3.550.22a
HH 19 3.400.20 a

Means within the same row followed by different letters agaifcantly different using
Tukey HSD test (P<0.05) (standard deviation, n=9)

Table 2. Proportion of each selected fungal strains out of thlentamber of fungi and their

taxonomic position by matching ITS regional sequence in GenBank

Proportion of total

Strain  number of fungi (%)* Referenced in GenBank Similarity (%)
B BH H HH

P 27 32 0 14 Paecilomyces lilacinugAB103380) 100

C 4 0 1 0 Corynascus kuwaitiens{#\J715483) 90

Th 3 12 0 0 Thielavia hyrcaniadAJ271580) 99

Trl 13 0 0 0 Trichoderma asperellufEU280110) 91

Tr2 12 4 0 0 Trichoderma asperellufEU280110) 99

*The proportion of selected fungi near the collars of diseased (B)esnidway between
diseased trees and healthy trees (BH), near the collars bfiyhézes (H) and midway

between healthy trees.

3.2 Genetic diversity of soil fungi
The total DNA was extracted directly from the soil under ruliees and was pure
enough for PCR amplification of 28S rDNA fragments using pism&3f and 662r. The

PCR products were separated by DGGE so that the genetic givierssoil near trees
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affected by TPN (B and BH) and healthy trees (H and HH)dcbalcompared. The DGGE
banding patterns were obtained by migrating PCR products in gel. Gi&EDpatterns in

each soil layer showed that the fungal diversity differeghtlly between the zones (Fig. 1).
The DGGE profiles of soil at a depth of 0-5 cm showed thatéhetg diversity of fungi in

zone B (37 bands) was higher than in zone H (33 bands). The fungal zoiteénBH (31
bands) had greater genotypic diversity than in zone HH (27 bands) (figrhea DGGE
profiles of soil at a depth of 5-10 cm revealed that the gedetgsity in trees affected by
TPN (34 bands in zone B and 30 in zone BH) were higher than in heaésy(28 bands in
zone H and 29 in zone HH) (Fig. 1b). The DGGE profiles of soil at depths of both 0-5 cm and
5-10 cm showed that some bands of PCR products had migrated a distdace in all

zones, indicating the presence of soil fungi common to all zones.
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Fig. 1. Denaturing gradient gel electrophoresis (DGGE) bandinggwafflfungal 28S rDNA
from soil at a depth of 0-5 cm (a) and 5-10 cm (b) near the colldrses affected by TPN
(lanes 1-3), midway between diseased trees and healthy tnees 4l&), near the collars of

healthy trees (lanes 7-9) and midway between healthy rubber aves (10-12).
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Fig. 3. The similarity dendrograms of the 28S rDNA-DGGE bandingfiles of four

different zones (B: near the collars of trees affected b 8RAd BH: midway between
diseased trees and healthy trees, H: near the collars diyheaés, HH: midway between
healthy trees) at a depth of 0-5 cm (a) and 5-10 cm (b). The deadr®gvere constructed
using Dice’s coefficient and clustered by the unweighted pair gratpod using arithmetic

averages (UPGMA).
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3.3 Structure of soil fungal community

The cluster dendrogram was created by UPGMA using 28S rDE&E banding
patterns. The dendrogram was used to describe the similaritieedmethe soil fungal
communities in four zones (B, BH, H and HH). The fungal communites trees affected
by TPN-trees were closer to each other than they were to ttemehealthy trees. The
similarity dendrograms clearly showed two distinct clustersoil at a depth of both 0-5 cm
and 5-10 cm. The UPGMA dendrogram showed that the fungal community ineswito
trees affected by TPN (B and BH) was distinct from that tedealthy trees (H and HH)
with 0.67 similarities for soil at a depth of 0-5 cm and 0.72 anitiés for soil at a depth of
5-10 cm (Fig. 2). Clustering indicated that the composition of sagydl communities near

healthy trees was dissimilar from that near to trees affected by TPN.

4. Discussion

This is the first study on the composition of fungal community it isorubber
plantations with a high incidence of TPN. The soil fungal communitg wsed as a
biological indicator of ecological change because it respondavicoemental disturbance
(Dick, 1992; Dilly and Blume, 1998; Housta al., 1998; Kaselat al.,2008; Lodge, 1997;
Persianiet al., 1998). The fungal communities in soil at a depth of 0-10 cm undéhyea
trees (H and HH) and diseased trees (B and BH) were compdreduiigal populations in
each zone were analyzed using the culture-dependent plate-countingdmalthough
fungal diversity was highest in zone H, the density was not signifiy different from that in
other zones. This may be due to the propagation capacity of fyregaés. Some fungi such
as Paecilomycessp. andTrichodermasp. can produce propagules rapidly and easily. The
method of fungal enumeration used in this study may include thebdisin of mycelia or
spores and thus overestimate these species by comparison wigh Hitveever, in this case,
the fungal diversity in areas with a low abundance of organic reso{Bcand H) was higher
than in areas with a high abundance of resources (BH and HH). Bes@lsvith abundant
substrates (litter or dead plant materials) influencesatialr growth by providing nutrient
sources, microbial populations with high growth rate and activitycoonize quickly more
than microbial populations with low growth rate and activity. In theeace of litter or dead
plant material, some soil microorganisms have a high potential for seekithgHor instance,
some fungi of thdPaecilomycegenus are nematophagous (Betaal., 2009; Carneiro and
Cayrol, 1991) (Gasparet al., 1990; Hewlettet al., 1988). Many studies have reported that

some of the Trichoderma genus are parasitic on nhematodes an@&aigand Kapat, 1999;
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Nagayameet al.,2007; Sharomt al.,2007). Fungi with a low colonization capacity and low
activities may, therefore, be difficult to detect by thehndtused in this study. As the soil
with lower resources was not adequate for microbial growth, theemdke of fast growing
fungi was less and so it was easy to detect fungal divefsieysame fungal diversity pattern
was also found using the biological molecular approach.

The fungal diversity was analyzed using PCR-DGGE on DNA diregtracted from
soil, amplifying the 28S rDNA region (approximately 260 bp). The 2BSIA-DGGE
fingerprints revealed that the diversity obtained by detectingyplestwas higher than that
obtained by detecting morphotypes. Some authors have reported thedeteanculturable
fungi using DDGE (Bates and Garcia-Pichel, 2009; Bougoure ande€yaiz005; Gaet al.,
2008; Liet al.,2008; Merothet al., 2003). However, the results obtained using PCR-DGGE
to study community complexity depends on the primer used (Gtegin 2004; Marshalkt
al., 2003; Zuccarolet al., 2003). For evaluating soil fungi, using 28S rDNA as the target
gives a higher diversity than 18S rDNA (Dioet al., 2005) and may provide higher
resolution for DGGE (Bonanonet al.,2008; M6hlenhofet al.,2001; Zuccaret al.,2008).

The structure of the fungal community in soil (0-5 cm and 5-10 epth)l obtained
from similarity dendrogram of 28S rDNA-DGGE fingerprints shdvtleat the fungal groups
near healthy trees (H and HH) were clearly separated those near diseased trees (B and
BH). This indicated that some fungal strains in trees affeloyed@PN were different from
those near healthy trees. The soil microbial community withiretlsystem may be affected
by many stresses including changes in environment under abiotic ooaditid changes in
quality resources (Brussaagtlal.,2005). In this study, determining factors for the soil fungal
community structure may arise from root exudates or litter componeneef Reot exudates
are chemical compounds produced by plant roots which secrete intourttmeinsling
rhizosphere. Root exudation can regulate the soil microbial commBaiyg €t al., 2006;
Walkeret al.,2003). The type and quantity of root exudates depend on many faatbras
the plant species (Stroet al., 1994; Zhanget al., 2007), the plant varieties (Huarg al.,
2008; Rae and Castro, 1967) and the plant development stage (Auklkl2001; Mougekt
al., 2006). The chemicals released by plant roots affect the soilf@ognmunity by both
increasing and decreasing the abundance of fungal speciesklBrget al.,2008; Kumaret
al., 2007). The root exudates from trees affected by TPN may induce sem fungal
species in the rhizosphere. However, the differences in chenmorapotinds of root

exudation from healthy trees and diseased trees have not yet been demonstrated.
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The analysis of plant chemical components can identify plansetreMany woody
plants respond to stresses by producing secondary metabolitessstacinias (Hernes and
Hedges, 2004; Yu and Dahigren, 2000) which are water soluble polyphemeulséget al.,
1988). Tannins can be induced by several factors including abiotic f4Qarteret al.,
1999) and human factors (artificial xylem injury) (Eyktsal.,2004). A recent study showed
the effect of TPN on soil enzymatic activities: polysacaase activities including cellulase,
xylanase and amylase were lower in soil under trees effdey TPN and suggested that
tannins affect extracellular microbial enzymes by disruptiegy tactivities (paper in press).
Because TPN is a plant physiological disorder which may beedaog multiple stresses
(Nandriset al.,2004), a tree affected by TPN may produce tannin in at ée&sof its parts,
such as bark, leaves or roots. Tannins do not reduce soil fungal populBamtistet al.,
2008) but the high tannin concentration produced by some plants can inhibit Jumgth
(Nichols-Orians, 1991). However, this biochemical plant defense magengew strains or
abundance of fungi in soil under trees affected by TPN that gnadketannin, indicating a
difference from soil under healthy trees. The soil microb@hmunity composition was
found to be correlated to the concentration of tannin in the soil andthaidghave the ability
to degrade tannin can adjust easily to a high concentration of phendal €Bhh, 1997;
Gambleet al.,1996; Makkaret al., 1993; Mutabarukat al.,2007; Pintcet al.,2001). It has
also been reported that some fungi in soil, such as fungal spedmeesPaedcilomycegenus
(Battestin and Macedo, 2007; Guedegibeal., 2008 ; 2009; Mahendraet al., 2006) and
Trichoderma (Bajpai and Patil, 1996; Bajpai and Patil, 1997) can produce enziomes
degrade tannins. These genera were dominant in soil near tfeetedafoy TPN possibly
because of their ability to tolerate the secondary metabolitdsseased trees. Furthermore,
the area round diseased trees had a greater accumulation of woatk&drhark which also
had a predominance #faecilomyces, Trichoderma, Thielavaad Corynascusthese fungi
being able to degrade plant residues (Egtyral., 1975; Gerberet al., 1997; Kluczek-
Turpeinenet al., 2003; Lopezet al., 2006; Maheshwaret al., 2000; Martinezt al., 2005;
Ryckeboeret al.,2003) and also to resist or degrade polyphenol.

This study suggested that TPN affected the soil fungal contynurtie similarity
dendrogram of 28S rDNA-DGGE explained the structure of the fumgahmunity
composition indicating that some fungi were positively correlatethe soil round trees
affected by TPN. The secondary metabolites produced by distassdmay affect fungal

populations. Little is known about the interaction between biocherpiaat defenses and
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diseased trees and soil fungal populations. It would be useful to studgetomdary

metabolites generated by rubber trees affected by TPN.

5. Conclusions

The fungal UPGMA dendrogram of 28S rDNA-DGGE gel showed that tistec! of
fungal populations in soil under trees affected by TPN was digtimtt that under healthy
trees. Although the fungal density in diseased trees was guificantly different from
healthy trees, the number of fungal strains in diseased Beépsa@s slightly higher than in
healthy trees (HH) using both culture-dependent and molecular appsoaThis may
indicate that some soil fungi in diseased trees were ditfédrem those in healthy trees.
Some fungi includind?aecilomycesp. Thielaviasp. andTrichodermasp. were dominant in
soil under trees affected by TPN. These fungal species magduakas biological indicators
of the impact of TPN on soil ecology. This study suggested thidtri&y have a long-term

effect on the fungal community.
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[11.1.7 DISCUSSION

[11.1.7.1 TPN and soil properties

In this study, organic carbon, total N, C:N ratio and organic matietent were
investigated for indicating status of soil fertility. The soilder midway between healthy
trees (HH) had fertility higher than under midway between E#fidcted tree and healthy
trees (BH). However, no significant difference was observed. mhis occur from the area
under midway between TPN affected tree and healthy treesh®t¢) only one TPN affected
tree among healthy trees and thus, ratio of TPN affected ne@ealthy tree is 1:4. In his
ratio, the expression of impact of TPN disease may be not distinctly. Thus, tlo¢ ahp&N
on soil biological activities and soil chemical properties waseancHowever, the impact of
TPN on soil ecology may express in the rainy season more thlaa dry season because the
trees are continuously stressed by tapping during the rainprse@te TPN, caused of
damaging phloem system, may directly affect translocation sotubbmic materials to all
parts of tree. When the phloem system is dysfunctional, the orgampounds in parts of
tree (especially, litter) may be reduced. The litter qualepends on chemical component in
leave (Bardgett and Shine, 1999; Warren and Zou, 2002; Abraham and ChudekTB068)
the litter quality of TPN affected tree may lower than tigatree and consequently, soil

fertility rather low in area under TPN affected tree.

[11.1.7.2 Impact of trunk phloem necrosis on macrofauna community

The macrofauna diversity has used as biological indicatasilbflisturbance because
it reflects the impact of environmental change (Nahnetsail., 2006; Velasqueet al.,2007;
Yankelevichet al., 2007). In the rainy season, most invertebrates were associdtear®as
between trees (BH and HH) more than areas near collareed {B and H). The areas
between trees in this plantation were accumulated with organgriadgs, especially, litter.
The higher food source influences macrofauna population and diversihe hainy season,
the difference in Coleoptera abundance between BH and HH was not dpdifiesent but
the diversity was the highest in area between healthy (Hdds Likewise, the earthworm
population was mostly found in soil under between healthy trees (HH). For theltfopesa
the quality of litter has been showed to affect macrofaunal pogulgiou, 1993; Mboukou-
Kimbatsaet al., 1998; Gonzalez and Zou, 1999). The quality of plant materials depends on
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chemical component which is the important factor to regulate ticeofaanal abundance and
diversity. As mentioned above, the TPN affected tree may contaimsamore than healthy
tree. The exceeding tannins can adversely affect some inwaegbilannins are binding
protein agents, which are able to bind digestive enzymes todssitnilation in insects. This
has effect on survival and growth of macrofauna. Consequently, macabfbundance and
diversity was low (Loranger-Mercirist al., 2007). However, (Ayrest al., 1997) suggested
that the same tannin had different effect on different herbivoextsisin this plantation,
Coleoptera genuSerambycidagElateridae Scarabaeida@ndDytiscidaewere not found in
both soil and litter under TPN affected trees (B and BH). Tkiedeoptera genera may be
affected by tannins from trees affected by TPN. On the othet, ldme insect species in
Carabidae and Tenebrionidae were detected in all sampling Zdree macrofaunas may
resist polyphenols.

The termite density was higher under TPN affected treesn(BBH). Severe TPN
causes the bark to slough off at the collar. As only healthy lwertaicing latex and cyanide
is able to block boring insects, the unprotected wood can be attackedhiigs to become
part of their habitat. Consequently, the zones with the highest @éepojpulation were
strongly associated with areas under the affected trees.

Soil macrofauna diversity in the dry season was lower than irathg season. The
Coleoptera was detected in only soil under between TPN affeeeditid health trees (BH)
but its diversity was very low, only Tenebrionidae was found. Wy be due to climate
condition. The climate is considered to be the most important fatttrei regulation of
macrofauna community. In drought circumstance, soil was arid andl tbecause of
decreasing soil water levels. Soil moisture, which is grea#igociated with seasonal
variation, significantly affects soil macrofauna (Sroka andHsir2006). In this season, no
earthworm was found in all sampling zones because the earthwaybe mnigrate to deeper
soil layers. In during winter and summer, the earthworms cah @aepth of 40-45 cm and
was in quiescent stage (Reddy and Pasha, 1993) whereas macnetsicallected in a

maximum depth of 30 cm in this study.

[11.1.7.3 Relationship between trunk phloem necrosis and soil enzyme agty

Principal component analysis (PCA) revealed that most of enagtidties were low
in soil under near collars of tree (H and B). These sampling abdasot accumulate leaf
litter, which is a major source of soil organic matter. Platdrlis an important source of
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energy for soil microorganisms (Bardgett and Shine, 1999; Ruah, 2005; Abraham and
Chudek, 2008) which mainly produce soil enzymes (de @aiak,2000; Starlet al.,2008).
In contrast, most of enzyme activities were high in soil under eydvetween trees (HH and
BH). These zones were accumulated with abundant litter and had higghtijiand thus the
environmental conditions stimulated producing soil enzymes. There hagdpeeted that
the soil with litter addition can increase soil microbial activities (Dash, 2007).

In the rainy season, cellulase, xylanase and amylase adtiviere higher in soill
under zones of healthy trees (H and HH) than under zones of T&itedftrees (B and BH).
Thus, soils with healthy trees were strongly associated patysaccharidases, which can
break down carbohydrates and release glucose as a source dfl@wikrgy for plants and
microorganisms. On the other hand, the polysaccharidase actwéieslow in soils with
TPN affected trees. This result may be due to the differenceemical composition of plant
materials between healthy and TPN affected trees. Thisadiffe may have an impact on the
quality of litter and could, therefore, explain the differenaessoil enzyme activities.
Numerous studies revealed that soil enzyme activities depend oncongani. The litter
quality influences various enzyme activities in litter decompmosiand also results in
increasing or decreasing the litter decomposition in soil ¢Emet al.,2000; Kourtewet al.,
2002; Gusewell and Freeman, 2005).Hnbrasiliensisplantation in this study, dead plant
materials or plant components (such as bark, braches, litter anpdvetiee the main source
of organic matter decomposition. However, TPN affected tree praguce defensive
chemicals and the accumulation of these chemicals in plant companagtaffect soil
enzyme activities. Plant defensive chemicals are secondaapaotiets, which are produced
when plants suffer from stresses, e.g., pathogenic attack, aéveisenmental factors, and
mechanical and chemical injuries.

Some papers have reported that TPN may be caused by multggdenexis and
endogenous stresses (Naneétisl.,2004; 2005; Nandrist al.,2006). Tapping bark for latex
collection (too frequently, badly carried out or using chemitadatex stimulation) can
conduce the cumulative stress of tree. Rubber tree can respond toosunddswr stresses by
producing defensive chemicals including polyphenols and chitinase. Hove®me plant
defensive chemicals, such as tannins, can disrupt enzyme actihiigs occur during the
decomposition of organic input. Tannins are secondary plant metabolites, foingher
plant including woody plants, in any parts of plant such as le¥esrfd Dahlgren, 2000),
bark (Matthewset al., 1997; Hernes and Hedges, 2004) and root (Peteztah., 1999;

Kosolaet al.,2004). Many forest plants produce large quantities of tannin in tee(lttaus
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et al.,2003). Tannins in plants can be induced by many factors and they leavehwevn to
be defense mechanisms against pathogens (Heetledt., 1997) herbivores (Coley and
Barone, 1996; Ayrest al., 1997; Nomura and Itioka, 2002), abiotic factors (Caeteal.,
1999) and human factors; tannin was detected in a wound in eucalypised cay an
artificial xylem injury (Eyleset al.,2004).

Tannins are water soluble polyphenols that can precipitate profesderet al.,
1988). Tannins can inhibit the activity of extracellular microbrayenes (Scalbert, 1991)
including polysaccharidases such as cellulase and xylanas®Il@zral., 2000; Barahonat
al., 2006). Both the quality and quantity of litter tannins can cause enmymigtion or
reduce enzyme expression in soil (Joanetsal., 2007) and high concentration of tannins in
leaves appears to inhibit decomposition (Driebe and Whitham, 2000; Lerehz2000). It
was reported that tannins are readily transferred to the ste@hbiing from litter (Schofield
et al., 1998). Furthermore, high levels of tannins may influence the deconopositisoil
organic matter by extracellular enzymes, soil mineralization, humus formeaatd decreasing
soil fertility (Bradleyet al.,2000; Driebe and Whitham, 2000; Kraetsal., 2004; Nieropet
al., 2006; Wurzburger and Hendrick, 2007).

PCA showed that N-acetyl-glucosaminidase activity was adedciaith area
between TPN affected tree and healthy trees (B¥Hacetyl-glucosaminidase is one of
chitinases that degrade chitin (Ekenler and Tabatabai, 2002). $wmease activity in soll
may be produce by plants as a defensive mechanism. Plant chitasabeen found in plant
tissues such as seed, bark, leaves and root (Albeeaht 1994; Hietaleet al.,2004; Rakwal
et al., 2004; Santoet al.,2004). This enzyme plays role of a chemical defense meahanis
(Mauchet al.,1988) and is rarely detectable in healthy plants but can be produesttion
to damage or stress caused by various biotic or abiotic fa8onse studies have showed
that H. brasiliensiscan produce chitinase (Boknea al., 2002). Hevein, a chitinase frohkh
brasiliensis (Gidrol et al., 1994), has been showed to be an antifungal agent inhibiting
microorganisms (Giordaret al., 2002; Kanokwiroonret al., 2008) and several pathogenic
fungi (Parijset al., 1991). The chitinase level is high in laticifers producing latexvieay
low in healthy tissues such as leaves, stem and roots (Martin, H894¢ver, chitinases in
plants can increase rapidly when stimulated by phytopathogecicarganisms, pest attacks
and abiotic stress such as wounding (Clagkal., 1994; Clarkeet al., 1998; Hietaleet al.,
2004; Rakwakt al.,2004; Hartzt al.,2005).

In contrast, in the dry season, PCA showed that xylanase and seladavities in
soil with TPN affected trees (BH and B) were higher thar witalthy trees (HH and H).
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This indicated that soil enzyme activities may be not gredtbcted by tannins. At the time
of taken samples, thd. brasiliensisshed leaves and is not collected latex, the trees are not
stressed by tapping and thus, the tannins may be not induced. In addition, the concentration of
soil tannins in the dry season may be not enough to inhibit enzymdiestbecause tannins,
the water soluble polyphenols, are readily leached and dispersedoihtbysrainfall
(Hattenschwiler and Vitousek, 2000; Teklay, 2004). Furthermore, thes avéh TPN
affected trees (B and BH) were high in species richness ao@i@ra, termites and ants.
These macrofaunas are epigeic species, which comminute thamatertals (such as litter
and bark). The comminuted materials are readily degraded lanasg¢ and cellulase.
Meanwhile, PCA showed that amylase activity was rather mgboil under healthy trees.
This may depend on plant carbohydrate metabolism, which can be influbpcgtresses.
Several biotic and abiotic stresses can change the concenwhtoanbohydrate in plants
(Jeun and Hwang, 1991; Abdalla and El-Khoshiban, 2007; Matrsy., 2007). In this case,
the TPN may involve with decreasing amylase synthesi$. drasiliensis Moreover, many
fungi in soil can express the amylase activity (Domingues amdlt®e 1993). In this
plantation, the numeration of fungi showed that the fungal diversigoil under midway
between healthy trees (HH) was the highest. This may result in theshaghglase activity in
this sampling zone and the highpailucosidase and urease activities were also included.

This study shows that TPN #&f. brasiliensishas strong long-term effects on the soil
ecosystem and soil fertility. PCA showed that the soil under &ffétted trees has lower
polysaccharidase activities in rainy season. This may be sh# of secondary metabolites
produced by affected trees. As little is known about the relatiortstiween TPN and
defensive chemicals and the impact of these on soil enzymds brasiliensisplantation,
research is required into the secondary metabolites of TPN affected tree.

[11.1.7.4 The influence of trunk phloem necrosis on soil microbial commuity

In this study, the assessment of soil microbial community in sa&son was
concentrated because soil moisture greatly influences miciadiigities and propagation. In
addition, the result of soil enzymes assay indicated that soilrenactivities were greatly
affected by TPN in rainy season.

Soil fungal community has been used as biological indicator of ecaloghange
because it can respond to environmental disturbance (Dick, 1992; Lodge, 199Angdil
Blume, 1998; Houstoret al., 1998; Persianiet al., 1998; Kaselaet al., 2008).In this
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plantation, the fungal community in soil at deep layer of 0-10 crin heglthy trees (H and
HH) and TPN affected trees (B and BH) were compared. Each tten&jngal community
composition were analyzed by cultivation-dependent using plate-cathbch Although the
fungal density between soils under healthy trees (H and HH) aNdaifBcted trees (B and
BH) were not significantly different, the fungal diversity in sailder near collar of healthy
tree (H) was the highest. This result may be involved withssalicity because the sodium
concentration levels adversely affect soil microbial commugitietz and Haynes, 2003;
Wong et al., 2008). The soil under near collar of healthy tree (H) in raegson was the
lowest in sodium concentration whereas the fungal diversity wasighest. In contrast, the
sodium concentration in this zone in dry season was the highest whangal diversity was
the lowest. Furthermore, no significant difference in fungal density be due to capacity of
fungal species in their propagation. Some fungi in soil sucliPaecilomycessp. and
Trichodermasp. can rapidly produce propagules. Thus using method of fungal enemerati
in this study may consider the distribution of mycelia or sponestiee overrating of these
species were observed when compared with others. However, in tlis tbhasfungal
diversity in areas with low abundance of organic resources (B am@sijather high than in
areas with high abundance of resources (BH and HH). The soilalithdant substrates
(litter or plant dead materials) greatly influences microgralvth in sense of theirs nutrient
sources. In addition, soil moisture, which greatly affects micrabgaoduction, was higher
in soils under between trees (BH and HH) than in soil underaodlars of trees (B and H).
The microbial with high properties of growth rate and activity can coloniz&lguiore than
others microbial with low properties of those. Except litter ontptead materials, some soil
microbial has high potential in seeking food. For instance, some fungaéspe genus
Paecilomycesre nematophagous (Carneiro and Cayrol, 1991; &halt, 2009) (Hewlettet
al., 1988; Gasparet al., 1990)which can feed nematodes as theirs nutrient. Several studies
reveled that some strains in genlisichoderma were characterized as parasitism on
nematodes and fungi (Elad and Kapat, 1999; Nagayetna&, 2007; Sharoret al., 2007).
Thus fungi with low capacity of colonization may be difficultdetect by using method in
this study. In addition, slow growing fungi in soil with lower nuttieesources or moisture
may be less affected by fast growing fungi because thecsadition is not suitable for
fungal colonization and consequently the most culturable fungi was easily detecte

In this study, investigation of soil fungal diversity by biologin®lecular approach
using PCR-DGGE technique was also included. The DNA directhaaed from soil and
the region of 28S rDNA (approximately 260 bp) was amplified. The ZESArDGGE
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fingerprints revealed the diversity obtained by detecting riboty@eshigher than diversity
obtained by detecting morphotypes. Some authors reported that uncultunadplevere
detected by DDGE technique (Merathal.,2003; Bougoure and Cairney, 2005; Gaal.,

2008; Liet al.,2008; Bates and Garcia-Pichel, 2009). However, using PCR-DGGE technique
for studying community complexity, the obtained results were vadepend on primer used
(Marshallet al.,2003; Zuccarolet al.,2003; Greeret al.,2004). To evaluate the soil fungal
community, using 28S rDNA as the target had diversity higher thamI8& (Diouf et al.,

2005) and may present the higher resolution for DGGE procedure (Mohlettadff2001;
Bonanomiet al.,2008; Zuccaret al.,2008).

The relationship between fungal community and sampling zones wagigaves
using similar dendrogram of 28S rDNA-DGGE fingerprints. The demdrogevealed the
fungal group in soil (both 0-5 cm and 5-10 cm) under healthy trees@H1H) was clearly
separated from under TPN affected trees (B and BH). Thisatredichat some fungal strains
in soil under TPN affected trees may be different from unddthyeiaees. The soil microbial
community within ecosystem can change by many stresses imgladanging environment
under abiotic conditions and changing quality resource (Brussaatd2005). In this study,
determining factors of soil fungal community structure mageairom root exudates or litter
component. Root exudates are chemical compounds that produce by plaamdgcrete
into surrounding rhizosphere. Root exudation can regulate the soil micomrahunity
(Walkeret al.,2003; Baiset al.,2006). Type and quantity of root exudates depend on many
factors such as plant species (Stréinal., 1994; Zhanget al.,2007), plant varieties (Rae and
Castro, 1967; Huanegt al., 2008) and stage of plant development (Aulathal., 2001,
Mougel et al., 2006). The releasing plant root chemistry can positively and wmebati
influences soil fungal species (Kunedral.,2007; Broecklinget al.,2008). The root exudates
by TPN affected tree may induce some fungal species intlgramd reproduction. For
instance, Paecilomyces lilacinys Thielavia hyrcaniae, Corynascus kuwaitiensad
Trichoderma asperellunwere abundant in soil under TPN affected trees. Nevertheless, the
differences in chemical compounds of root exudation from healthyatrdelTPN-tree have
not yet been demonstrated.

Determination of plant chemistry component has related plargseie Numerous
woody plants can respond to stresses by producing some of secoredabplites such as
tannins (Yu and Dahlgren, 2000; Hernes and Hedges, 2004) which are sehtble
polyphenols(Spenceet al., 1988). Tannins can be induced by several factors including

abiotic factors (Cartest al.,1999) and human factor: making artificial xylem injury (Eyéés
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al., 2004). However, impact of tannins on soil fungal community may beculiffito
conclude. Tannins did not negatively affect on soil fungal populations éBaptl., 2008)
but high tannin concentration, which produced by some plants, can inhibél fgrayvth
(Nichols-orians, 1991). In this study, tannins may influence soil fungtrarsidiscrimination
of fungal community between healthy trees and TPN affected trees vagsabsSome fungi
in soil can degrade tannins and can adjust itself to high contentcd phenol (Makkaet
al., 1993; Gamblet al.,1996; Bhatt al.,1997; Pintcet al.,2001; Mutabarukat al.,2007).
In this study, some fungi in soil have ability in enzymatic produdiordegrading tannins
such as fungal species in genusRafecilomycegMahendranet al., 2006; Battestin and
Macedo, 2007; Guedeglet al., 2008) andTrichoderma(Bajpai and Patil, 1996; 1997).
These fungal genera existed dominantly in soil with TPN affe¢tee. Furthermore,
Paecilomyces, Trichoderma, Thielavaad Corynascusalso have ability in degrading plant
residues (Eslyet al.,1975; Gerbeet al.,1997; Maheshwaet al.,2000; Kluczek-Turpeinen
et al.,2003; Ryckeboeet al.,2003; Martinezt al.,2005; Lopezt al.,2006).

This study suggested that the TPN has influenced soil funganuaaity. Similar
dendrogram of 28S rDNA-DGGE revealed that fungal cluster underaffested trees (BH)
was discriminated with under healthy trees (HH). The secgndeetabolites and root

exudation of TPN affected trees may influence fungal diversity.

111.1.8 CONCLUSION

The soil biological activities il. brasiliensisplantation seem to be affected by TPN
in rainy season because of climate condition. Soil biologicaligctinalysis carried out in
this study showed for the first time that some biologicalvagtindicators can help to
distinguish between healthy trees (H and HH) and treestedfdoy TPN (B and BH). This
distinguish seems to be useful for observing the impact of TPNerdblogy ofHevea
brasiliensis plantations. The principal component analysis showed that High ass|ul
xylanase and amylase activities were associated witlthlyettbes and were lower near
diseased trees. PCA also indicated that N-acetyl-glucosanmenafai/ity was associated
with the zone between healthy and affected trees (BH). In additemrofaunal investigation
revealed that the termite density was strongly associatisddTWN. Soil microbial analysis
showed thaPaecilomyces lilacinuandTrichoderma asperellunwvere abundant in soil with
TPN. Furthermore, soil microbial community structure was invastijasing 28S DNA-

DGGE. The similar dendrogram revealed that fungal cluster df afected trees (B and
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BH) was clearly separated from fungal cluster of heattegs (H and HH). It would seem
that polysaccharides activities, N-acetyl-glucosaminidasevitgctitermite density, and
Paecilomyces lilacinuand Trichoderma asperellummbundance can be used as an indicator
of the impact of TPN on soil ecology. However, the production of seconaetabolites as a

result of TPN must be investigated.



CHAPTER I11.2
IMPACT OF SOIL ORGANIC AMENDMENTS
ON SOIL BIOLOGICAL ACTIVITIES
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Abstract

Soil quality is necessary to sustadieveabrasiliensisproductivity. Soil amendment
has been known to improve soil fertility. In this study, biologicetivites in soil with
different amendments including no organic input, external organic inpuP@aecria cover
crop + external organic input were investigated. The biologi@lsail chemical parameters
measured can separate soils according to their management. idpstes measured were
high in amended soils which had high organic carbon and organic mBtiacipal
components analysis revealed that high xylanase and cellutaggescwere associated with
soil underPuerariacover crop + external organic input. The highest FDA hydrolyass tive
highest in soil with external organic input probably because of comaheanpost added to
soil. Investigating macrofauna community showed that total maerafabundance was the
highest in plantations with organic amendment. Ants, termites, Adehand Diplopoda
densities were higher in plantations with organic amendments thatamtation without
organic amendment. Soil organic carbon and organic matter were Imgherended soils
than in unamended soil and had the highest in soil Ritararia cover crop + external
organic input. The results show that plantation ViAtleraria cover crop + external organic
input had high enzyme activities, macrofauna density and soil cheniistis plantation,
Heveatree had also the highest growth and latex yield. Thus, this stuggests that
Pueraria cover crop + external organic input seem to be proper soil maeageor H.

brasiliensis
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[11.2.1 INTRODUCTION

Heveabrasiliensisor para rubber tree is an economically important tree inlardhi
because its latex can increase public and rural revenue. Thelnatbber fromH.
brasiliensisis used as component of many products, especially, transportatioasstiobs
and tire products. Thél. brasiliensiswas the first established in south of Thailand and
nowadays is extended to northeast. However, many areas in northedand have the
problem in low soil fertility because of soil characterisiibe soils in this region have the
most proportion of sand, which is the low capacity to hold mineral nigreamd moisture
existing in soil. This can affect plant productivity in both quantigaind qualitative. The.
brasiliensisis a humid tropical tree and good soil fertility significandlifects latex yields
(Akpan et al., 2007). Therefore, agricultural practices that enhance soil yj@akt needed
particularly for this region. Improvement of soil quality has th ai enhancing physical,
chemical and biological properties of soil (Lavelle, 1988; Bandick anll, 2999; Ladoet
al., 2004). Enhancing these soil properties can lead to sustairgialtare by increasing
crop productivity and maintaining long-term soil fertility.

Organic amendment can improve soil quality and sustain crop produchyit
increasing organic matter. Organic manures are acknowledged taat use to solve the
adverse effects on ecosystem because it can modify the propérsies to be favorable on
living organisms in ecosystem. Soil organic amendment using elxtegzaic materials and
green manure/cover crop are generally practiced in agriculaystem to enhance soill
fertility. Using exogenous organic materials is increggliversity of organic resources and
consequently, the biological diversities are increased. Studies eae suggested that
organic manure can increase soil organic matter and provide longst@rmproductivity
(Chanderet al., 1997a; Chandeet al., 1998). It has been known that the organic matter in
soil is important source of energy for living organisms in $ail. instance, the diversity and
guantity of organic matter in soil can increase diversity and abuedsnsoil macrofauna.
Under the cover cropping system, the density of cover plant rootagecseil pore sizes and
enhance soil environment to suite for soil macrofauna (Garalf,2007). The macrofauna is
useful to soil fertility and soil structure because its aotigiplay role in soil nutrient cycling,
which result in increasing soll fertility (Lobry de Bruyn a@dnacher, 1990; Lavellet al.,
1993; Moraet al., 2005) Additionally, the macrofauna activity can enhance soil steictur
including soil porosity and soil aggregate stability (Lobry de Brapd Conacher, 1990;
Mando et al.,, 1996; Mando, 1997; Lavelle, 1997a; Pitkdnen and Nuutinen, 1998;
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VandenBygaaret al.,2000). The good soil aeration and water infiltration contribute to plant
root development and crop productivity is consequence. Furthermore, microibiéies
were stimulated by soil macrofauna (Scheu, 1987; 1990; Rihet., 1998; Holt, 1998;
Daube and Wolters, 2000; Scullion and Malik, 2000; Chetoal., 2003; Desjadingt al.,
2003; Ndiayeet al.,2004; Stadleet al.,2006). Some invertebrates in soil associate with soil
microorganisms. For instance, the higher nitrifying bacteria wdetected in earthworm
burrows (Parkin and Berry, 1999). Additionally, some microbial decomposéish can
degrade cellulose and lignin, inhabit symbiotically in guts of eartmwand termites
(Roulandet al.,1988; Roulanctt al.,1991; Zhanget al., 1993; Rouland-Lefevret al.,2002;
Hyodo et al., 2003). Organic amendments not only enhance soil quality but also @ecreas
plant pest levels such as nematodes and weeds ésak@007).

Organic matter in soil can increase diversity and activitysaf microorganisms.
However, quality of organic materials is an important to enhamitengrobial biomass. The
microbial activity contributes to soil fertility (Wandet al., 1994; Nelson and Mele, 2006;
Fliessbachet al., 2007; Hameret al., 2008) because it can decompose organic matter to
available forms for plants. The soil microbial activity wasnfmeasured using values of
enzymes in soil. Soil enzyme activity is an important to sudttility of soil because it
plays role in degradation of organic materials. The organic decadiopogreatly enhances
available nutrients and cycling of nutrients, which benefit to plaodurtivity (Dick et al.,
1988; Bandick and Dick, 1999; Hu and Cao, 2007). However, values of enzymei in s
depend on quality and type of organic amendment because soil wabtmetly affect soll
biomass and activities (Wandet al., 1994; Starket al., 2007; Starket al., 2008; Liuet al.,
2009). Enzyme activities have important roles in biochemical funatjoaf soil including
decomposition of soil organic matter and nutrient cycling (Gidafet al., 2005; Acosta-
Martinezet al., 2007; Cheret al.,2008; Sardanst al.,2008). Additionally, the potential of
soil degradation can be detected by information of soil enzymétiesti(Trasar-Cepedet
al., 2000). The measurement of integrative activity of several spjyirees is greatly efficient
to predict the quality of soil because soil enzyme expressidagsly related to soil physical
and chemical properties, and soil microbial community (Deekat.,1999; Anderssost al.,
2004; Roldaret al.,2005; Acosta-Martineet al.,2007; loviencet al.,2009). Further, change
in soil quality can be predicted by soil enzymes before it tiectled by other soil analyses
(Ndiayeet al., 2000). Soil enzyme activity is nowadays used to monitor the qualgpibf
under different management because it is sensitive to charsgsl ienvironment (Acosta-

Martinez and Tabatabai, 2000; Acosta-Martimtzal., 2007). In addition, soil enzyme
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activity can be used as sensitive index for soil biologicasst{Garcia and Hermandez,
1997). Therefore, it is useful as early indicators of biological gbar{Bandick and Dick,
1999). Examination of enzyme activities affected by soil organiendments can provide
understanding the progress of ecological interaction betwesh enzymes and
physiochemical properties. This knowledge can be applied for stiityedevelopment for
Heveaplantation.

The objectives of this study were: i) to evaluate the imudctifferent organic
amendments on soil macrofauna community and soil enzyme activitiésveaplantation,
and ii) to examine interaction between soil biological activigesl soil physiochemical
properties in different soil organic amendments. Soil biologicaVvides greatly influence
sustainable agriculture because it significantly associitisssoil fertility. Information of
soil organic amendments bfeveaplantation is important to long-term maintenance of soil

guality and to sustain latex production.
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[11.2.2 EXPERIMENTAL DESIGN

Three Heveaplantations were selected by depending different soil managemaents
described in table.Samples were taken during the rainy season (July to October 2006) and
dry season (December 2008). In plantation without organic amendment (SSgmplng
zones under midway between trees were selected randomly. In iplantath organic
amendment (S2 and S3), each plantation, the 40 sampling zones under micveey lhrees

were selected. The experimental design is an ordered block consisting of 2Geie2f) m

Table 7 Description of three experimental sites with different soil managements

S1 S2 S3
Date of planting 1997 1998 1999
Heveavarieties RRIM 600 RRIT 251 RRIT 251
Before plantation Sugarcane Sugarcane Sugarcane
established
Soil managements
- Chemical fertilizers| 22-78-0 15-7-18 15-7-18
(624 kg/ha) (357 kg/ha) (357 kg/ha)
- Organic amendment 2000-2002

Cover cropping with
Puerariaphaseoloides
(6.25 kg of dry seed/ha)

2003 2003

eucalyptus bark eucalyptus bark residue
residue (62.5 t/ha) (62.5 t/ha)

2003 2003

sugarcane filter cake | sugarcane filter cake (waste
(waste from sugar from sugar production)
production) (12.5 t/ha) (12.5 t/ha)

2003

Commercial compost
(made from eucalyptu
residue) (223.19
kg/ha)

[72)

Latex yield (kg/ha/day)| 13.75 26.9 33.1
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[11.2.3 IMPACT OF SOIL AMENDMENTS ON PLANT GROWTH

The averages of perimeterldéveatree were 46.8, 45.1 and 47.2 cm under plantation
without organic input (S1), with external organic input (S2) and ®utbraria cover crop +
organic input (S3), respectively (Figure 7). THeveagrowth in plantation witfPueraria
cover crop + organic input (S3) was significantly higherQ.05) than in plantation with
external organic input (S2).

70 ~

ab
60 -

40 -

30 +

Perimeter (m)

20 H

10 +

Figure 7 Heveagrowth under different soil amendments; without organic amendment (S1)
with external organic input (S2) and wiBtueraria cover crop + organic input (S3). Means
and standard deviation (n=40 for S1 and n=140 for S2 and S3); bars with tnéetemare

not significantly different aP<0.05
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l11.2.4 IMPACT OF SOIL ORGANIC AMENDMENTS ON SOIL PROPERTIES

Soil properties in rainy and dry seasons were showed in table 8.

Soil pH
The assay of soil pH showed that the soils were more acidainy season than in
dry season. In each season, no significant difference was obsenall forth no organic

amendment (S1), organic input (S2) &hkerariacover crop + organic input (S3).

Soil organic carbon
In each plantation, organic carbon in soil was higher in rainy se&sonin dry
season. In both seasons, organic carbon in soil Rutraria cover crop + external organic

input (S3) was the highest and soil without external organic input (S1) was the lowest.

Total nitrogen
For total nitrogen, there was no significant difference betweers¢hsons or the

amendments.

C:N ratio
In each plantation, soil C:N ratio was higher in rainy seasan ih dry season. In
both seasons, soil C:N ratio was the highest in plantationRuénaria cover crop + organic

input (S3) and was the lowest in plantation without external organic input (S1).

Soil organic matter
In each plantation, soil organic matter was higher in rainyogeidsn in dry season.
In both seasons, soil organic matter was the highest in plantatioPweéraria cover crop +

organic input (S3) and was the lowest in plantation with no organic amendment (S1).

Cation exchange capacity (CEC)
In both seasons, the cation exchange capacity was the highest witlsdfueraria
cover crop + organic input (S3). The cation exchange capacity of asihat significantly

influenced by tested soil amendments or by the season.
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Soil moisture
In rainy season, the soil with no organic amendment (S1) had the thigimesisture
and was significantly higher (P<0.01) than soil wRtlnerariacover crop + organic input (S3)

and with organic input (S2).

Clay content

In rainy season, the clay content was the highest in soil withrgemic amendment
(S1) and was significantly higher (P<0.01) than soil Witlerariacover crop + organic input
(S3). There was no significant difference in clay contentstomples taken from soil with
organic amendments (S2 and S3)

In dry season, the soil clay contents in various plantations wersigmficantly

different.
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Table 8 Soil characteristics in three different soil amendments; gantc amendment (S1),

amended with external organic input (S2), amended fRutbraria cover crop + external

organic input (S3) during rainy and dry season

S1 S2 S3
Rainy season
pH 4.50 (0.15) a 4.45(0.26) a 455 (0.13)ja
Organic carbon (%) 0.78 (0.08) a 1.04 (0.27)|a 1.50 (0.56) a
Total nitrogen (%) 0.08 (0.01) ab 0.08 (0.01) @a 0.09 (0.00) bc
C/N ratio 9.94 (0.54)a| 14.03(453)A 17.22(6.52)a
Organic matter (%) 1.34 (0.14) a 1.79 (0.47)|a 2.58 (0.97) a
Cation exchange capacity (%) 4.43 (0.20) a 4.36 (0.54) a 5.09 (0.96) a
Moisture (%) 16.22 (0.98)a] 9.60 (0.79)¢  11.63 (1.05) b
Clay (%) 9.54 (0.68) bc 8.65(0.35) ab 7.66(0.62)|a
Dry season
pH 5.02 (0.14F 5.41 (0.28f 5.29 (0.31}
Organic carbon (%) 0.71 (0.13) 0.82 (0.08¥ 0.90 (0.27¥
Total nitrogen (%) 0.11 (0.0%) 0.10 (0.02¥ 0.09 (0.01¥
C/N ratio 7.68 (0.99) 8.87 (3.15f | 10.63 (2.68§
Organic matter (%) 1.23 (0.22) 1.41 (0.13) 1.55 (0.47Y
Cation exchange capacity (%) 5.20 (0.08)| 6.82 (0.85) 7.08 (1.39F
Moisture (%) 3.99 (0.58) 4.04 (1.387 2.30 (0.59F
Clay (%) 9.97 (1.113 8.12 (1.097 8.37 (0.55F
n 3 5 4

& Mean within a column followed by same lower case lettenatesignificantly different at

P<0.05 usingfukey HSD.Numbers in parentheses indicate standard deviation.
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Principal Component Analysis

Principal component analysis on soil variables in rainy and dry seasons wasd showe
figure 8. In rainy season, PCA showed axis 1 and axis 2 for 53.8% and 17.3% of the yariance
respectively. In dry season, PCA showed axis 1 and axis 2 for 5n6924.5% of the
variance, respectively. Testing the significance of groupintgsjsivas carried out on 10,000
permutations and was significantly discriminated (P<0.002) in both seasons.

Principal component analysis revealed that, both seasons, shilnaitorganic
amendment (S1) was clearly separated from the amended soils (S2 and S3)idpyasiesoil
clay content and moisture. In the dry season, the highest totesNassociated with soil
under no organic amendment (S1). Furthermore, the highest value® afii, organic
matter and organic carbon were associated with soil uPderaria cover crop + external
organic input (S3), particularly in rainy season. High values tbrtaexchange capacity
(CEC) in soil were associated with plantations with organicnaments (S3 and S2 for the

rainy and dry seasons, respectively).
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A
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P=0.02

Figure 8 Principal component analysis showed the relationship between dalblgarand

organic managements during rainy (A) and dry (B) seasons
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l.2.5 IMPACT OF SOIL ORGANIC AMENDMENTS ON MACROFAUN A
COMMUNITY

[11.2.5.1 Macrofauna density

For eachHeveaplantation, macrofauna abundance in soil was higher than in litter,
except macrofauna abundance in plantation without organic amendmenh (@¥)season
where macrofauna cannot be detected (Figure 9). The highest derssiils was due to the
large numbers of termites and ants.

The determination of macrofauna in litter showed that in each pantant group
was the largest taxonomic unit, except for S1 in dry season Wbtrers” (particularly
hemiptera) is the most abundant group. Except this plot, the literofiauna was not greatly
different: ants, Arachnida and termites densities were the stighglantation independently
of the season.

The investigation of soil macrofauna showed that macrofauna in foberstavith
organic amendment (S2 and S3) was higher abundant than in plantation withauic
amendment (S1). Moreover, no macrofauna population in plantation without organic
amendment (S1) was observed in dry season. Each plantation, proportionstef snt and
Coleoptera were greater than others. Earthworms were collaatedh rainy season and the
most abundant was in plantation without organic amendment (S1).

The analysis of macrofauna by combining results between diig soil macrofauna
revealed that the macrofauna density in plantations with orgamndment (S2 and S3) was
higher than in plantation without organic amendment (S1), the higlesity was in
plantation withPuerariacover crop + external organic input (S3) in rainy season. For S2 and
S3 plantation, termites, ants, Coleoptera and Arachnida were tlestlaagonomic groups.
Coleoptera, earthworm and “others” populations were the most praseliantation without

organic amendment (S1).
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Figure 9 Macrofauna densities (individual#hin litter and soil under plantation with no
organic input (S1), with external organic input (S2) and Witleraria cover crop + external
organic input (S3)



102

[11.2.5.2 Macrofauna diversity

Macrofauna diversity in each plantation was investigated by congpirgsults of
litter and soil macrofauna obtained during the two seasons (Tal¢a8itations with organic
amendment (S2 and S3) were the highest macrofauna diversity.

Coleoptera, termites and ants were the most abundant groups and fouridlittelbot
and soil, these were studied separately. The level of genus, podsibdpecies was
determined. The Coleoptera diversity showed that six genera deméfied in plantation
without organic amendment (S1) and with organic amendment (S2), $e%&n The genus
Cerambycidaevas not found in S1 and S2 thBiytiscidaewas not observed in plantation
with external organic input (S2). For termite, two genéuacistrotermesandMacroterme}
were observed in all plantations.

Concerning ant diversity, 11 species were identified in plantatitimout organic
amendment (S1), 18 in plantation with external organic input (S2), l6airiaibn with
Pueraria cover crop + external organic input (S3). Tk&dontoponera transversa
Paratrechina longicornisAnoploepis gracilipegsOecophylla longinodaCamponotussp 1,
Camponotussp 3,Camponotussp 5 andPachycondyla spwere found in all plantations.
Hypoponerasp 1,Hypoponerasp 2,0dontomachusp 1 andCamponotusp 2 were detected
in plantations with organic amendment (S2 and S3).Mbhospeciesp 2 was only found
in plantation without organic amendment (S1fctatomma Odontomachussp 2,
Odontomachusp 3,Camponotusp 4 andCamponotusp 6 were only detected in plantation
with external organic input (S2pheidolesp 1,Morphospeciesp 1 andMorphospeciesp 3

were only found in plantation witRAuerariacover crop + external organic input (S3).
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Table 9 Diversity of macrofauna under different soil organic managemeatsrganic input

(S1), external organic input (S2) afuerariacover crop + external organic input (S3)

Litter Sail
Rainy Dry Rainy Dry

S1]|S2| s3] S] S?2 S3 S1 $2 B3 [s1 [s2
Coleoptera
Carabidaesp. * N R I I * x| *
Cerambycidasp. *
Coccinellidaesp. * *
Elateridaesp. * | *
Scarabaeidasp. * | x| % * | * *
Staphylinidaesp. * * x| % *
Tenebrionidaesp. * x| % x| x [x x| |x x|
Dytiscidaesp. * *
Larva * | x| % * | * * *
Termites
Ancistrotermesp. x | % | % | %
Macrotermessp. L R A R L *
Ants
Odontoponera transversa* | * | * K
Hypoponerasp. 1 * * *
Hypoponerasp. 2 * * * *
Ectatommasp. *
Odontomachusp. 1 * | * * | x *
Odontomachusp. 2 *
Odontomachusp. 3 *
Pachycondylasp. * | x| % x| *
Platythyreasp. *
Pheidolesp. 1 *
Morphospeciesp. 1 *
Morphospeciesp. 2 *
Morphospeciesp. 3 *
Calyptomyrmexsp. * * | *
Paratrechina longicornis| * | * | * *
Anoploepis gracilipes L I * | e *  |*
Oecophylla longinoda L R * | *
Camponotusp. 1 o ox | % * |k * *  |x
Camponotusp. 2 L I I * | *
Camponotusp. 3 LI T T S I S N * * |
Camponotusp. 4 *
Camponotusp. 5 LI I
Camponotusp. 6 *
Larva * * * * * * * *
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Diversity Index

The specific data obtained on the major group were used toatalsaveral diversity
indexes: specific richness, Shannon index and diversity Simpson index (Table 10).

The specific richness, which considers only the number of specrasrphospecies,
was higher in plantation with soil organic managements (S2 andh&@B)im plantation
without organic management (S1).

Shannon and Simpson indexes indicated that the repartition is more drmusgn
S1 and S3 than in S2, which the macrofauna community was dominated by few species.

Moreover, this investigation notice that the species composition ohalceofauna is
closer between S2 and S3 (55% common species) than between $& &nd bdther plots
(39 % for S2 and 43% for S3 respectively).

Table 10 Specific richness, Shannon index and Simpson index of macrofaudavea
plantation without external organic input (S1), with external orgampat (S2) and with

Puerariacover crop + external organic input (S3)

Specific richness Shannon Simpson
S1 19 1,10a 0,98a
S2 26 0,82b 0,67b
S3 25 0,98ab 0,95a
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I11.2.6 IMPACT OF SOIL ORGANIC AMENDMENTS ON SOIL ENZY ME
ACTIVITIES

The expression of soil enzyme activities from samples iry r@ml dry seasons was

showed in table 11.

Polysaccharidases

Cellulase activity is nosignificantly different between the different plots nether in
relation to the season. Xylanase activity is higher during raeagan and is in soils with
organic amendment (S2 and S3). The amylase activity is also higltamy season but

activity was not significantly different in soils without organic ameadn{S1).

Heterosidases

The B-glucosidase activity in soil without organic amendment (S1) wasfisiantly
higher £<0.05) than in soils with organic amendments (S2 and S3) in rainy and dry season.

N-acetyl-glucosaminidase activity is higher during the dryseeabut it was not

significantly between the plots.

Urease

Urease activity was higher in dry season than in rainy periodalfothe plots.
Plantation with external organic input (S2) had the highest ureasgtyaand it was
significantly higher (P<0.05) than plantations witberaria cover crop + organic input (S3)
and without organic amendment (S1). In rainy season, urease actastyighest in soil
without amendment (S1) and was significantly highe«Q.05 than in soil withPueraria

cover crop + external organic input (S3).

Fluorescein diacetate (FDA) hydrolysis

In each plantation, FDA hydrolysis activity was higher in raegson than in dry
season. However, the significantly higher difference (P<0.05) oaserved only in
plantation without external organic input (S1). In each plantation, Ripolysis activity

was not significantly different among plantations.
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[11.2.7 DISCUSSION

[11.2.7.1 Solil quality and plant productivity

Soil quality is generally used to evaluate sustainable larmhagement in
agroecosystems (Carter, 2002). Soil organic matter is an importacator for agricultural
soil (Lal and Kimble, 1997). Soil organic matter is efficient afy@r for available nutrients
(such as C, N, P and S) and it can improve soil properties, gdityffend crop production.
Thus, improving soil organic matter can improve soil quality (Ree¥897; Freixcet al.,
2002). However, soil organic matter is influenced by agriculturalagament (Livet al.,
2006). In this study, the parameters for assessing soil qualitiding organic carbon, C:N
ratio and organic matter were higher in soils with organic amemign{€2 and S3) than in
soil without organic amendment (S1). This indicated that unamende® $pihéd the lowest
soil quality. The lower carbon and organic matter contents in unamended soil (S1) niay due
lower organic materials in soil (Golchiaet al., 1995). In contrast, addition of organic
materials to soil can increase the level of soil organic engi€Carteret al., 1998).
Furthermore, low residue inputs have caused rapid losses of sailicorgatter (Lal and
Kimble, 1997) while plant residue additions can increase soil carbomt¢Btessuytet al.,
2002). In this study, the quality of organic materials in both amerale(62 and S3) may be
higher than in unamended soil (S1). It has documented that qualingafic residue can
influence the quantity of soil organic matter (Juma, 1993).

Principal components analysis revealed that soil amendedPwétaria cover crop +
organic input (S3) was associated with highest organic carbon and ongattér. Studies
suggested that cover crops can increase organic carbon and nitrogasebamounts of

organic residue in soil were increased (Mc\&yal., 1989; Kuoet al., 1997; Seo and Lee,
2008) It has been reported that the legume has high aboveground bionthsésliar N

content (Agamuthu and Broughton, 1985). Cover crop also increases soil orgdigc due
to increased plant residue addition to soil (Saétjal.,2000).

However, using legume cover crop need long-time for improving soiltguia this
study, Pueraria cover crop was terminated whetleveacanopy was close (approximately 3
years). Studies have reported that the long-termphaseoloidegmore than 10 years) cover
crop significantly affected soil organic C and N. (Dineshal., 1999; Dineshet al., 2004;
Dineshet al.,2009). Wander et al. (1994) reported that the legume cover cropped soil with 10
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year-period significantly increased in soil carbon and organidtemacompared to
conventional soil. It has demonstrated that continuous legume coveramrgmprove soil
organic matter and sustain crop yield (Saiejual., 2002; Seo and Lee, 2008). Hu et al.
(1997) demonstrated that short-term cover crop affected transiémhisoobial dynamics
and nutrient availability. Several studies have documented that maikrbiomass and
nitrogen mineralization were rapidly increased in first fewveeks after cover crop
incorporation and then returns to pre-incorporation (Wylendl., 1996; Lundquiset al.,
1999; Jackson, 2000; Suagal.,2008).

Increasing soil organic matter and soil organic carbon have affiesbil properties
and increasing available nutrients and consequently, crop yield is indpf®gezsenyet al.,
2000; Onemli, 2004). In this study, the growthH#veatree was evaluated using perimeter
estimation. Thédeveagrowth from plantation witfPuerariacover crop + organic input (S3)
was significantly higher (P<0.05) than from plantation with orgamput (S2). In addition,
latex yield under plantation witRueraria cover crop + organic input (S3) was the highest. It
has been documented that e phaseoloidedias ability in N-fixation (Vesteragest al.,
1995). In addition, legumes foliar generally have high abundance ofrattreents such as P,
K and Mg (Franchinet al., 2004; Njunieet al., 2004; Armecinret al.,2005). Therefore, the
legume cover cropped soil contains the available nutrients for plaetogenent. Studies
have been reported that legume cover crop can increase crop yidddsl-Beki and
Teasdale, 1993; Armeciet al., 2005; Venkateswarlet al., 2007). Under plantation with
Pueraria cover crop (S3) in this study, tie phaseoloidesvas planted as cover crop in the
interspaces of plantation in the early establishment of plantatientrées in the early stage
may be positively affected from ability of legume in N-ftioé process and releasing
nitrogen forms after its decomposition (Lundquedt al., 1999; Jackson, 2000). It has
demonstrated that cover crop can provide nitrogen source affectinggotamth at early
stage (Sungt al., 2008). Additionally, when the legume was terminated, it can eeltuses
nutrients by microbial decomposition. This can greatly contributegtbesth of tree. The
perfect development of trees in the early stage may hgn#icant effect on long-term plant
productivity. In this study, plantation with organic input (S2) was tlderolhan plantation
with Pueraria cover crop + organic input (S3) bdeveagrowth rate and latex yield were
lower. In addition, principal components analysis showed that most eszgsted were high
in soil under plantation witlPueraria cover crop (S3)This may supply nutrients available

for Heveaproductivity.
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This study observed that plantation without organic amendment (S1h&ddwest
latex yield. This may due to high incidence of trunk phloem necroBi)in this plantation.
Trunk phloem necrosis is the main constraint of latex production (Netalke, 1991; Nandris
et al.,2005). High incidence of TPN may due to coarse quality of soihdNset al., 2004;
2005) concluded that TPN disease may cause by low soil fewthiigh increasing the risk of
the syndrome

This investigation suggests that organic amendment can incredhsguality and
usingP. phaseoloidesover crop in the early stage ldéveaplantation positively affect soill

fertility and potentially increase tree growth and latex yield.

[11.2.7.2 Impact of soil amendment on macrofauna community

The principal components analysis revealed that systems withiorgaendments
(S2 and S3) were clearly separated from system without orgar@adment (S1) in both
rainy and dry seasons (Figure 10). Most macroinvertebrates alemdance in plantations
with organic amendments, this due probably to the quality of organierialatadding to
system. This study observed that the total macrofauna density was the imghest season.
It had been reported that the increasing organic matterrig pariod positively influenced
macrofauna community by given new opportunities in colonization, refungk foraging
(Callistoet al.,2002). Furthermore, plantation wiltueraria cover crop + organic input (S3)
had the highest macrofauna density. It has been documentetighad plantation with
continuousP. phaseoloidesover crop soon restores suitable conditions for soil macrofauna
(Gilot et al., 1995). In this study, the highest of macrofauna density under plantation
Pueraria cover crop-organic input (S3) in rainy season including, especéally termite,
Diplopoda and Coleoptera may be an integral part to sustain the grotibadsiliensisby

improving soil structure and removing organic materials into deeper soil.
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Figure 10 Principle component analysis on soil macrofauna and soil variables in rainy (A

and dry (B) seasons

Among macrofauna taxonomic groups in this study, ants and termitesmanly
abundant organismPensity of ants was higher in plantations with organic amendni8ats
and S3) than in plantation without organic amendment (S1) in both aachgry season. In
addition, ant diversity was higher in plantations with organic amendments (S2 andrS8) tha
plantation without organic amendment (S1). These may result fromigher quantity and
quality of organic matter present in these plantations. The abundaaog isfbeneficial to
soil structure because it can enhance soil porosity, aeratiotratindth and drainage (Lavelle

and Spain, 2001b). This is important for plant root development and consequetitly, b
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plant growth. Furthermore, ant density was the highest in plantatibfPugrariacover crop

+ organic input (S3) in rainy seasdraossi et al. (2008) suggested that some legume species
significantly affected ant density but it did not influence densftother fauna grouprhis
investigation found that diversity of ants under all plantations de&seased in dry period.
However, some ants species includiddontomachuspl. andCamponotuspl. were only
found in plantation with organic amendment (S2 and S3) in both rainy arsgasgn. It has
been reported that, the number of species of ants depended on thgiriralbéproductive
maintenance and adaptation on unfavorable environment (Bruyn, 1999). In addition,
Anoploepis gracilipeand Oecophylla longinodavere found in all plantations in both rainy
and dry season but they were not found in plantation without organic amen@git dry
season. These specie®dpntomachusspl., Camponotusspl. Anoploepis gracilipesand
Oecophylla longinodamay strongly associate with quality of organic amendments.

Termites were most abundance in soils with organic amendmenen(S33). Few
species of termites had been observddcrotermessp. was constantly associated with
amended soils (S2 and S3). In additidecrotermessp. was not found in soil without
organic amendment (S1) in dry season. This indicated that quality ofiorgatter in soils
with organic amendments (S2 and S3) may sustain this termiteespedn addition,
Ancistrotermesp. was found in all soils in rainy season but it was not found isehgon.
The decrease of soil moisture in dry season may negativalgnté this species. However,
the reason for termite distribution is not clear.

The rarity of earthworms and Coleoptera were found in this studigad been
reported that organic matter was necessary to keep an eartippputation (Gilotet al.,
1995). Earthworm community in soil is positively correlated withghality of mulch cover
(Edwards and Lofty, 1982). During rainy period, density of earthwamoh Coleoptera were
the lowest in plantations with organic amendments (S2 and S3). Itioaddliversity of
Coleoptera was the highest in plantation without organic amendi@&ht The eucalyptus
bark, which is one of organic matter sources in amended plantations (S2 and S3) in this study
may be weakly palatable for macrofauna. High lignin and phenofigpounds contents of
eucalyptus may be important factor in control of macrofauna populé@anihar, 2003).
Phenolic compounds, particularly, tannins are known to be defense mechagaimst
herbivores (Coley and Barone, 1996; Ayetsal., 1997; Nomura and lItioka, 2002). It has
been shown that among tested tree plantations, eucalyptus plantatiohehbmvést in
abundances and biomass of soil macrofauna (Warren and Zou, 2002). In addition, |

palatability of Hevealitter may negatively affect occurrence of epigeic earthwspecies



112

(Chaudhuriet al., 2003). Several studies have reported that the quality of organériaha
significantly effects earthworm populations (Edwards and Ldf882; Zou, 1993; Tiarmt
al., 1995; Gonzalez and Zou, 1999). Additionally, low earthworm population in plantations
with organic amendments (S2 and S3) may have resulted from coompetith termites
(Gilot et al., 1995). Furthermore, each experimental site in this study, sa@ilohassified as
sandy. (Mboukou-Kimbatset al.,1998) found that the sandy soil had very few earthworms.
In contrast, during dry period, the earthworm density was the tawgsantation without
organic amendment (S1) in dry season. (Lobry de Bruyn, 1997) suggestaketfalacious
results on earthworm density due to sampling at inappropriate titdesiever, Lobry de
Bruyn (1997) has been reviewed that earthworms were not conviscedieators of soll
sustainability because identical management practice can baveesulting in different
response to earthworms.

In this study, density and diversity of Coleoptera were variedgghbetween seasons
and between organic amendment systems. The distributions of Colesmgtéreterogeneous.
Studies have been reported that Coleoptera abundance can alter bggarse(Hollandet
al., 1998), within fields (Thomaet al., 1998; Hollandet al., 1999) and between fields
(Hanceet al.,1990).

The Diplopoda was presented in plantation wwheraria cover crop + external
organic input (S3) in both rainy and dry seasons while it was not foupkamtation with
external organic input (S2) in dry season and was not found in plantatioout organic
amendment (S1) in both rainy and dry seasons. It has been repottdtetBaplopoda is
probably associated with greater organic matter received fronr cowp (Merlimet al.,
2005). Vohland and Schroth (1999) reported thgphaseoloidestter had a favorable effect
on Diplopoda abundance. Furthermore, it has documented that Diplopoda |georefalr
soil with higher polyphenol (Lavelle and Spain, 2001a). The polyphenol contaiming
eucalyptus bark residues in this study may had effect on Diplopadapl&ntation with
Pueraria cover crop + external organic input (S3), the large numbers opediis may be
due to higher substrate palatability (Warren and Zou, 2002). Stediealed that Diplopoda
is an important factor to increase nutrient mineralization (Atezsal., 1983; Andersoret
al., 1985). This study observed that Diplopoda density under plantatieraria cover crop
+ external organic input (S3) was greatly lower in rainy aedban in dry season. This
probably is affected by ant and termite predators, which are hmh@ndance in rainy

season.
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Principal components analysis showed that Arachnida was the most ad®rnda
plantations with organic amendments (S2 and S3). This group may bieghpsissociated
with quality of organic amendments. It has been reported that spedeity was higher in
organic farming system than in conventional farming system (Fetbal., 1998). Spider
community structure is depended on habitat differences (Bultmanetnd1982; Marc and
Canard, 1997; Bontet al., 2002). Studies have been revealed that soil organic matter had a
significant influence on some species of Arachnida population (Bérdgd Cook, 1998).
Arachnida can contribute to decomposition and nutrient cycling by poaitsg fungal
propagules (Heneghaat al.,1999), comminuting organic matter (Seastedt, 1984) and mixing
plant debris (Bardgett and Chan, 1999). In addition, spiders can be a gaadandroup of
ecological quality because they sensitive to ecologicaksystuch as vegetation structure
and disturbance (Jocgegal.,2005).

When both organic amendments (S2 and S3) are compared, individual deisities
main macrofauna taxonomic groups were not greatly different batydantations with
organic amendments (S2 and S3). Since environment is one of impoctans fzontrolling
macrofauna community (Lavelle, 1997b; Nahmahnial., 2006; Velasquezt al., 2007;
Yankelevich et al., 2007), environmental condition in these plantations may be not
outstandingly different. In addition, studies have been documented thatfaumer density is
strongly affected by resource quantity (Vohland and Schroth, 1999; Letoalsj 2008). At
the time of sampling, the amount of organic materials addibgtto plantations (S2 and S3)
may be similar.

Furthermore, macrofauna communities in this study were Jegyge between rainy
and dry seasons. For example, most macrofauna groups had the highégt weter
plantation with Pueraria cover crop-organic input (S3) in rainy period but they had the
highest in plantation with organic input (S2) in dry season. Sroka and Finch (2006) faund tha
droughty condition greatly affected macrofauna. It has been suggestdalldwous results
can be obtained when macrofauna was sampled in improper period. (Ldbryyte 1997).
However, the period for usinBueraria cover crop in this study may be insufficient to
significantly increase macrofauna communitiéhas been revealed that long-term legume
fallows had positive impact on the diversity and functions of soil iebeasite (Sileshi and
Mafongoya, 2006a).

In this study, macrofauna distributions were patchy. Soil propeaty Ime a cause of
patchy distribution. It has been documented that low level of nudriensandy soils is a

limiting factor for macrofauna (Mboukou-Kimbatsa al., 1998). The macrofauna cannot
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readily respond to environmental change due to low fecundity, the igtiipn of data were
difficult because their distributions were patchy (Lobry de Bruy097). Additionally, the
knowledge concerning effect of environmental factors on their distitgitvas not enough.
It has been suggested that the measurement of macrofauna shouldabedapeshort-term
events (weeks to months) because macrofauna are active for siawt jpé time (Anderson,
1995).

Furthermore, macrofauna populations in this study were very lovihadt been
reported that most macrofauna populationdHgvea plantation were decreased after five
years because the quality of litter due to ageing of the {(eist et al., 1995). However,
chemical quality of organic materials (eucalyptus bark sughrcane filter cake) needs to

obtain for understanding the role of organic materials as substrate pajatabilit
[11.2.7.3 Impact of soil organic amendment on soil enzyme activities

Numerous studies have been reported that enzyme activities sreiasesd with
increase in soil organic matter, organic C, total N contentk(Bial., 1988; Chandeet al.,
1997a; Pascuatt al., 1999; Acosta-Martineet al., 2007). Analysis of different enzyme
activities together can provide information of the status of soilggs®s (Acosta-Martinet
al., 2003).This investigation, activities of enzyme tested were genehnailyer in soils with
organic amendments (S2 or S3) than in soil without organic amendmentT{&&lhigher
activities in the soils with organic amendments (S2 or S3)lmeagjue to addition of organic
materials. The quantity and quality of organic substrates irfisnil microbial processes,
which are the contributing factor in increase of soil enzymigities (Chandeet al., 1997b;
Chandeet al.,1998).

Enzyme activities were strongly associated with microbiaamiggns, which are the
main source of enzymes in soil and act important role in organic decomposition (Badthuiya
al., 2004; Ingramet al., 2005; Devi and Yadava, 2006; Faterrigbal., 2006; Fosuet al.,
2007; Lucast al.,2007).Since expression of enzymes is microbial processes, the quantity of
enzyme can generally indicate the levels of soil microbial ptipalaThe FDA (3,6 -
diacetylfluorescein) is hydrolyzed by different enzymes suchpraseases, lipases and
esterases. The ability to hydrolyze FDA can provide correlatfmmmation on amounts of
microbial decomposers and activities (Brunius, 1980; Ingham and Klein, $8B&jirer and
Rosswall, 1982; Gaspat al., 2001). Numerous studies revealed that higher soil microbial

activity caused by addition of exogenous source of organic m&sdfighaet al., 1989;
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Garcia-Gilet al.,2000; Nilssoret al.,2005; Starlet al.,2007). Principal component analysis
showed that the highest FDA hydrolysis activity was assocwatitd amended soil with
external organic input (S2). This indicated that population of microorgamsas the most in
soil with external organic input (S2). The highest population may duadthtion of
commercial organic compost to soil. This compost may have largeberamof
microorganisms. The FDA hydrolysis activity was decreased yjn sgxason, probably,
because this season is unfavorable for stimulation of microbial gexeklowever, this
enzyme activity was significantly higher (P<0.05) in soilswatganic amendments (S2 and
S3) than in unamended soil (S1). This indicated that the higher quiatitganic matter may
associate with amended soil (S2 and S3) because it can protect loss of microbssgsoc

Cellulose is an important carbon source for microorganisms ioudtgirial soil and it
is degraded into glucose, cellobiose and high molecular weight dligemades by cellulase.
In addition, hemicellulose is a component of plant cell wall areldegraded into glucose by
xylanase, as the important carbon source. Principal component amalyssded that high
cellulase and xylanase activities were associated with gsoder organic amendments (S2
and S3). High activities may due to accumulate the cellulodytdt xylanolytic materials in
soil matrix, which derived from adding exogenous organic residuethermore, xylanase
activity was consistently the highest under soil vidtieraria cover crop+ organic input (S3)
in both rainy and dry seasons. This result may duRuteraria cover crop as the organic
material. It has demonstrated that legume residue can incsedlsexylanase activity
(Rodiguez-Kabana, 1982).

The B-glucosidase is predominant in soil and it play important role in girayi
carbon source for microbes in soithis enzyme hydrolyses cellobiose and varifds
glucosides present in plant materials (Martinez and Tabatabai, TBI®ig).investigation
showed that soil without organic amendment (S1) had the higtgbstosidase activity. This
result may due to decomposition rate of organic matter, whichbaayigher in soils with
organic amendments (S2 and S3). The fast decomposition in orgadiesemay have lead
to a decrease in available substrate for fflggucosidase activity (Kourteet al., 2002).
Likewise, this study found th@tglucosidase activity was increased in dry season. It has been
reported thap-glucosidase is very sensitive to change in pH (Acosta-Martinez and Tabatabai
2000). Increasing pH in dry season may result in incregsigigicosidase activity in this
study. SinceB-glucosidase is sensitive to pH change, it can be used as micehéndicator

for determining changes in ecology causing from soil acidification.
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The a-amylase is produced by plants, animals and microorganisms. iysne
hydrolyzes starch to glucose which is the carbon source for gahliving soil organisms.
The amylase expression is influenced by different factons as@gricultural practices, type
of plant, and environmental (Fioret&t al., 2000). This study, amylase activity lacked
sufficient resolution to discriminate the differences in soil mgan@ents because values of
amylase activity in soil without organic amendment were in eetwsoils with organic
amendments (S2 and S3). Furthermore, soil Witleraria cover crop (S3) had the highest
amylase activity in rainy season while it had the lowest in dry season.

N-acetyl-glucosaminidase is one of chitinolytic enzyme. This mezinvolve in C
and N cycling in soil because it degrade chitin to amino sugars which easdgalize into C
and N in soil (Ekenler and Tabatabai, 2008)this study, N-acetyl-glucosaminidase activity
cannot discriminate between soils with organic amendments (S&Z3ndnd no organic
amendment (S1) because values of this enzyme of soil without oegaemmdment (S1) were
in between soils with organic amendments (S2 and S3). The highesetyl-a
glucosaminidase activity in soil amended witheraria cover crop + organic input (S3) in
rainy season may associate with highest soil organic carbon ahdNtobntent. It has been
reported that higher N-acetyl-glucosaminidase activity wasocsted with higher soil
organic carbon and total N content (Acosta-Martieeal., 2007). In contrast, in dry season,
N-acetyl-glucosaminidase activity was the lowest in amendgdvgh Pueraria cover crop
+ organic input (S3). This season, the total N in soil Witlerariacover crop + organic input
(S3) was the lowest and this may be one of reason for thestovalues of N-acetyl-
glucosaminidase in this soll.

Urease is an enzyme that catalyzes the hydrolysis of aré&Ht and CQ. This
enzyme is produced by large numbers of microorganisms in soil (ilaioleé Hausinger,
1989). This investigation, urease activity was the least in sthl Rueraria cover crop +
organic input (S3) in both rainy and dry seasons. High urease aati\styil with external
organic input (S2) may due to addition of commercial compost, whichpassibly contain
high urease. It has been reported that urease enzyme gtes m the soil amended with
composts than amended with fresh materials (Pastuwal, 2002 ).Furthermore, this study
found that urease activity was increased in dry season. Thi®eoay form soil pH because
urease activity is influenced by pH (Byrnes and Amberger, 19883. study, the increase in

soil pH in dry season may positively affect urease activity.
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Principal component analysis on soil enzyme activities with teelteeobtained in
rainy and dry seasons were constructed (Figure 11). In raingmrsd2G8A showed axis 1 and
axis 2 for 65.1% and 15.4% of the variance, respectively. In dry seaSansiwed axis 1
and axis 2 for 45.7% and 28.3% of the variance, respectively. Tdébgngignificance of
groupings (sites) was carried out on 10,000 permutations and wascsigttyfidiscriminated
(P<0.00) in both seasons.

Principal component analysis showed that, in each season, the soil without
amendment (S1) was characterized by low enzymatic activiiesyme activities were
generally high in soil amended witPueraria cover crop + external organic input (S3) in
rainy season and were generally high in soil amended with extegeatic input (S2) in dry
season. This indicated that enzyme tested could vary according to the season.

For example, soil withPueraria cover crop + external organic input (S3) had
significantly higher (P<0.05) in amylase and N-acetyl-glucosalase activities than soil
with external organic input (S2) in rainy season while, in @égsen, it had significantly
lower (P<0.05). Bandick and Dick (1999) suggested that obstacle of usinmgitabl
measurements as part of an index probably occurs from seasoatbna. They found that
in the legume cover crop sitg;glucosidase activity changed significantly between seasons
whereas FDA hydrolysis did not change. Collins et al. (1992) obseahatdmicrobial
biomass C increased in Fall and decreased in Spring. Moseatalli(2005) also suggested
that time is the factor mostly affecting soil biological properties angemis availability.
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Figure 11 Principal component analysis showed relationship between soil enzyiviges

and different organic managements during rainy (A) and dry (B) seasons

The Pueraria phaseoloides a leguminous and it can use as cover crop to enhance
soil microbial biomass (Dinestt al.,2009). Studies have revealed that the soil with legume
cover crops can increase soil enzyme activities sug¢hghscosidase, cellulase and urease
(Bandick and Dick, 1999; Dinestt al., 1999; Dineslet al., 2004). In this study, soil with
Pueraria cover crop + organic input (S3) were lower in these enzymeatigstithan soil
with external organic input (S2) in both in rainy and dry season. pet®d of soil
amendment may be one factor as possible to explain this resuiis Btudy, period of using

Pueraria cover crop (approximately 3 years) may be inadequate to secreacrobial
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activities greater than other soils (S1 and S2). It has beertedgbat the soil with legume
cover crop over 12 years was significantly increase in enzyrmetias and microbial
biomass (Dineslet al., 2004; Dinestlet al.,2006). Bandick et al. (1999) found that enzyme
activities were higher in soil with 6-year legume cover ctban soil without organic
amendments.

The investigation of different enzyme activities together cawige information of
status of soil processes (Acosta-Martieeal., 2003). The assay for cellulase and xylanase
activities can be used as indicator to discriminate betweémwitlbiorganic amendment and
soil without organic amendment. Xylanase activity may be used to monitor @ffegeraria
cover crop because it was consistently high under soil Ritbraria cover crop (S3). In
addition, FDA hydrolysis activity can applied to be indicator for iotgd external organic
materials used in this study.

However, the monitoring enzyme activity over time need for invdsimaactivity
change and eliminate problem in seasonal change. This can potaintial of enzyme

activities to be early indicators of soil management.
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[11.2.8 CONCLUSION

The biochemical and macrofaunal parameters measured can seqmliataccording
to their management. Principal components analysis revealed thaémgmes tested were
higher in soil with organic amendment (S2 or S3) than in soil with@#anoc amendment
(S1). The quality of external organic materials may effedtigher enzyme activities. In this
study, xylanase and cellulase activities were high in stiil Rueraria cover crop + external
organic input (S3). This indicates that these enzymes probablyiassadth quality of
Puerariaresidue and they may be used as indicators for consequeaerafia cover crop.
In addition, especially dry season, most enzymes tested|owveee in soil without organic
amendment (S1) than in soils with organic amendments (S2 and ®3prddnic materials
used in this study probably maintain microbial processes.

The macrofauna in this study was scanty and patchy. This mayp doé property as
sandy or quality of organic materials used as unpalatable forofaana. However, ants,
termites, Arachnida and Diplopoda were higher in plantations with orgamndments (S2
and S3) than plantation without organic amendment (S1). The infedilijmamended soill
may have effect on macrofauna abundance or diversity. These mactebrates may
sensitive to quality of soil and thus, they probably used for indicafoesganic materials
used in this study.

Since most enzyme activities and macrofauna densitieshigiran plantations with
organic amendments (S2 or S3), organic matter and organic carbon santsoil were
high. However, soil witHPueraria cover crop + organic input (S3) had the highest organic
matter and organic carbon. These properties of soil may [aithet highestHevea
productivity when compared with other soils (S1 and S2).

This study suggest that usiig phaseoloidess cover crop combined with organic
materials can increasdevea productivity and sustain long-term soil fertility because of
higher diversity of organic materials. TReieraria cover crop may stimulatdeveagrowth
at the early stage because of ability in N-fixation. Furtstedies are recommended to
investigate organic materials chemistry and soil microb@hrounities as interacting
controls on decomposition rate. These researches can obtain aibd#estanding of role of
macrofauna and microorganisms in organic materials decomposition.eiffootie, to
characterize the synchronization between nutrient availabilibygznic materials andevea

nutrient demand may provide.
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General conclusion

This dissertation demonstrates that trunk phloem necrosis (EeNjssto have effect
on ecosystem ofleveasoil (Chapter lll.1). The biological activities in soil werelpably
affected by TPN under rainy season, which is important period ffan@ms and plant
growths. Enzyme activities were distinguished between sdil metalthy tree and with TPN
affected tree when it was analyzed by principle component adBSA). High cellulase,
xylanase and amylase activities were associated witlthiyettbes and were lower near
diseased trees. The lower values of polysaccharides in soil unbleafldeted tree may be
due to increase in plant defensive chemistry, especially polyphehmh accumulated in
plant component of TPN affected tree. Under dry period, polysacchauttiggies may be
not inhibited by plant defensive mechanism becé&isesatrees were not induced the stress
by tapping, and therefore higher cellulase and xylanase weressed in soil under TPN
affected tree (B and BH). PCA also revealed that N-&ghiigosaminidase activity in rainy
period was associated with soil under midway between TPN edfécte and healthy trees
(BH). This may be also affected by plant defensive processetiaglucosaminidase is one
of chitinases and many plants can produce when they are in stressed situation.

Investigation of macrofauna revealed that termite group was the abasdant in
soils under TPN affected trees (B and BH). Higher populationrwiitiee under zones of TPN
probably associated with higher accumulated barks, which were shreddeddseditack.

Determining numeration of fungi showed th&aecilomyces lilacinusand
Trichoderma asperellunwere abundant in soil with TPN. The mechanism in tannins
degradation may affect on the distribution of these fungi. Thetsteuof soil microbial
community obtained from similar dendrogram of 28S rDNA-DGGE shotkat fungal
cluster under TPN affected trees (B and BH) was cleaggraéed from fungal cluster under
healthy trees (H and HH). The root chemical exudates, which prdduaem diseased trees
and healthy tree, may influence microbial community.

In investigating the soil organic amendment (Chapter IIl.2), seuezabls were
observed. Cellulas@;glucosidase, urease and FDA hydrolysis activities in soil uddeea
plantation with organic input (S2) were higher than ViAtreraria cover crop+ organic input
(S3). Higher expression of these enzyme activities may b&doager-period accumulation
of exogenous organic materials, which added into plantation. The xylactsgy was
consistently high in soil under plantation wRieraria cover crop + organic input (S3). The

macrofauna community was varied by season variation. Macrofauna abendaacthe



123

highest under plantation withueraria cover crop + organic input (S3) in rainy period but it
was the lowest in dry period. Coleoptera and Diplopoda abundances sessndata with
cover cropped plantation (S3). The investigation of soil properties legivélaat organic
carbon, organic matter and CEC were higher in soil under plantatibrcewier crop-organic
input (S3) than with organic input alone (S2). The productivitHelreatree including
growth rate and latex yield appears to increase under plantattooaver crop-organic input
(S3). The capacity in Nfixation of Pueraria cover crop probably strongly influenced the
trees growth at the early stage, which positively affected lamg{egex production.

The organic carbon and organic matter content in soil were thestioweler
plantation without organic management (S1) compared to plantation witmiorga
management (S2 and S3) and were significantly lower than ptantaith cover crop-
organic input (S3). This fertility parameters of soil may inisahat the high apparition of
TPN was associated with lower solil fertility. Therefore, gtisgdy can sustain the hypothesis
that lower soil fertility is a partial determinant of TPNcident. Hence, this study is
beneficial forHeveagrower and institute both of government and private. The obtained
information from this study can be used as practical knowledge f@lapeaent ofHevea

production and protection of TPN apparition.

This study succeeded in the objectives and can conclude as follows:

1. The TPN disease &¢i. brasiliensishas effects on soil macrofauna, soil enzyme
activities and soil microbial community in the rainy season. Tdve polysaccharidase
(cellulase, xylanase and amylase) activities and higledtyeglucosaminidase activity seem

to be used as biological indicators of TPN.

2. Soil organic amendment usiRgeerariacover crop + external organic input (which
uesed in this study including eucalyptus barks and sugarcamecéike) positively associate
with high organic matter and organic carbon content in soil and has igfie@nce on

productivity ofH. brasiliensisincluding tree growth, and latex yield

3. The lower soil fertility, which indicated by lower soil cheatigproperties and

biological activities, associate with high incident of TPN disease.
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Future perspectives

The further investigation which would be appropriate to pursue as follows:

1. Determination of role dfleveasecondary metabolites and root exudates.

The data presented in this study showed that reduction of pdhgsatase activities
in rainy season were strongly associated with soils underaffésted trees. The secondary
metabolites produced by TPN affected tree may be a considefadil® to inhibit
polysaccharidase activities. The tapping in wet season may ineectotproduce defensive
chemistry. In addition, obtained data from fungal genetic analysealed that some fungi
probably related root chemical exudation of TPN affected treestigation of secondary
metabolites and root exudates compared between TPN affectedntiekealthy tree can

verify the findings reported in this work.

2. Investigation of chemical component of organic material.

Agricultural residues are the important source of energy foosganisms. Chemical
compound of organic material have a great potential in regulation @igital activities in
soil. Knowledge of organic residue characteristic added into plantatill give a better

understanding about macrofauna and microbial communities in the ecosystem.

3. Investigation of dynamic soil enzymes.

Soil enzymes are sensitive to change in biochemical componergarfiomatter and
organic carbon but their activities were controlled by severbrfs. Investigating soil
enzyme activities before and after organic material additiorgdufition, evaluating soil
enzyme activities over time (week or month) will clarify teéect of soil organic
management. Long-term study may warrant the determinatiocotdgecal consequences of

changes in enzyme activities and microbial community

4. Determination of microbiological role in soil.

Microorganisms have greatly efficiency in organic degradation mmésaha
Determining the role of microorganisms in the biogeochemicdlngyof organic material
would provide information to support the soil chemical property in this wiaskdetermine
the specific microbial populations affected by both soil organic agement and TPN
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disease, and how these microbes associate with the rate of Cceaeting, it will be helpful

to study microbial community composition and function.
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