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CHAPTER |

INTRODUCTION
Petroleum hydrocarbons are naturally occurring chemicals used by humans for a
variely of activities, including the fueling of vehicles and heating of homes. Diesal ail,
natural gas, crude oil, lars and asphalls are types of petroleum hydrocarbons ultimately

composed of various proportions of alkaigs (g.g.. methane, ethane, propane), aromatics

(e.g. benzene, loluene, ethylbgnzén lectively known as BTEX), and
polycyclic aromatic hydrc . phenanthrene, anthracene,

op has resulted in an ever-

. . . h .
a significant number of silg@Ww Ul Lelieua P "‘x Qyproducts.

benzolalpyrene). During

increasing reliance on pels ed in the contamination of

Diesel oil pollutang -__..- ative effects on the plant
and animal community#Bothfirge! Sontagri 1. effects by interactions of
the diesel aill pollutants \- ants of soil (Bossert et al.
1984). It has been recogni stituents commonly found in

ential which associated with

ng and Bartha, 1994).

diesel oil have some carcig
polycyclic aromatic hydrocarbon. ‘&

Recently, hej go , ment regulation effort

lo cleanup the cofisf ,rw.ﬁ' tment to responsible
stewardship of our h‘mi natural Salsle us: 5s. Today, environmental
managers can choose Fﬂim &variety of appraig'les to remediate diesel conlaminated

soil. These aﬁﬁ.ﬂ éggﬂnﬂ WWiquﬁ to natural

attenuation, a “Hgnds-off” approach retymg entirely on nalurat pmcessas to remediate

~RTASTTIALAI ANLALL. ..

certain plants for a specific site. In essence, phytoremediation employs human initiative
to enhance the natural altenuation of contaminated sites and, as such, is a process thal
is intermediate between engineering and natural attenuation. Because phytoremediation

depends on natural, synergistic relationships among plants, microorganisms and the



environment, it does not require intensive engingenng techmques or excavation, Human
intervention may be required to establish an appropriate plant-microbe community al the
site or apply agronomic techniques (such as lillage and fertilizer application) to enhance
natural degradation or containmenl."-prcl:esaes. Phytoremediation has been used
effectively to remediate inorganic and organic contaminants in soil. The application and
effectiveness of phytoremediation depend on the nature of the compounds to be

remediated.

pose a limited range of hydrocarbon

Certain plants have been fol \‘
compounds in soil. Planting_alfalis : soil were reported lo reduce
concentration of kerosene-DS58e o 5 months (Karthikeyan el al.
1999). Various varieties gais : i (e ), v T ) capable of reducing crude
il contamination in the
diesel fuel in soil after &
faba) has been reportec

weeks compared to 33 %

1997). Broad bean (Vicia
6 % of crude ol within 12

Furthermore, inffodigtiogh of ' tizers i ants nnated, nonvegetated soll

has been shown to enhand€ 1 degfatin -+ s via bioslimulation (Venosa
et al. 1996). The main pofEntigl absticid c8d to be overcome to improve

¥

phytoremediation systems are._ ,_":,*, he pollutants due to adsorplion to

soil particles (Cunpisgiiam el al 19981 andiack #udle microbial aclivilies

(Armishaw el al. 19 '!r':-) .._.Lh' g

rhizosphere with much
greater adaptability forQfowth on different Carbon sources if€luding pollulants than non-
rhizosphere microflora {ﬁcﬂna et al. 199807In addition, cerain legumes supporl

symbiotic rhizﬁlalu& Ql%ﬂ%ﬁ%ﬂ ﬂ:@ the nutrient status

of a cnniaminal&i soil and enhance thg degradation &peshcid&s {Andwn etal. 1994),
QR IUHAVI R B B
establiding symbiosis of plants and arbuscular mycorrhiza resulted in reciprocal
transfer of phosphorus from the fungus to the plant in exchange for carbons from the
plant to the fungus (Ezawa et al. 2002). Dual inoculation of legumes with rhizobia and

arbuscular mycorrhiza can increase plant growth (Mosse el al. 1976; Redente and



Reeves, 1981; Abd-Alla, 2000). However, no studies have examined the effect of both
rhizobial and mycorrizal inoculum with plant during remediation of diesel oil.
In the present study, the effects of rhizobium and mycorrhiza in a legume plant

were determined to ephance phytoremediation of diesel oil contaminated soil.

AULINENINYINS
ARIAATAUUNINGIAY



CHAPTER Il

- BACKGROUND AND LITERATURE REVIEWS

2.1 Diesel oil contaminated soil

Diesel is a specifigd eolium fuel oil used in diesel engines.
Over the past century, MIAIAGE=manu A Irhan activities have involved in the
use of diesel and 2 mination. Deisel oil pollutants

SXposSuUres are mos as leak containers, dnlling,
and transportation

of physical, chemicgl®ar EfeL fic_tegnst nswScme of these transformations

ment, they undergo a variely
-may deloxify and eve Il\" -{ transformations will increase
the toxicity of the p8liu : | and microbial oxidations, often
through free radical mECh@nismghen gliphallg afd aromatic ketones, aldehydes,
carboxylic acids, esters, "F “ROE ulfdnes, phenols, and alcohols (Wang
and Bartha, 1994},

It has b ~..F-’-:--5“_ @y hydrocarbon constituents
commonly found y ' I mutagenic polential. This
mutagenic and ca J nogenic potential 15 associaled<ith the polycyclic aromatic
hydrocarbon _(PAH) lﬁﬂn These PAHSLAave o glba enzymatically metabolized to

mﬁwﬂm ccbhl b hige b b process oy covaen

mlerar:tmn DNA (Wang and Bgrtha, 1994).
A R sfa ik AP = ve
mihunity both direct contact toxicity and inderect effects by interactions of the diesel
il pollutants with the abiolic and microbial components of soil. Contact toxicity occurs
primatily by the solvent effect of low-boiling hydrocarbons on the lipid membrane
struclures of the cells. Diesel oil also affects the physical structure of soil, decreasing its

capacity to store moisture and air, Indirect effects of diesel oil pollutants in soil include



oxygen deprivation of plant roots, due to the exhaustion of soil oxygen by hydrocarban-
degrading microorganisms and may bring about the microbial production of phytotoxic
compounds such as H,5. Hydrocarbon-degrading microorganisms also compele with
plants for mineral nutrients. The metabolic intermediates of hydrocarbon-degrading
microorganisms may lemporarily increase the toxicity of hydrocarbon pollutants

including fatty acids, phenolic and terpenoid compounds, which all possess phytotoxic

properties (Wang and Bartha, 1984)%

Various physical, sl ' focesses are already being used lo

remediate contamina ‘decontaminale or stabilize the

pollutant within it. Del of pollutants within the soil by

remaving them, wh s quantity of pollutant at a site, but

makes use of soil d absorb the pollutant into

the matnx 50 as 1o rg &iWang and Bartha, 1994).

The choice of he nature of the contaminanis.

Metal contaminants are g Bare contaminated with metals are

usually excavated and lang are now Ireated by acid leaching,

physical separation of the ___.M....L bor electrochemical processes. Soils

contaminated wilh orgagi sipping or thermal desorplion (for

L

volatiles and el Sotaimmt=si—vanit—samee=afcrials), incineration (for all

i

organics not othe i 2 1 WG Sertain organic contaminants,

primarily petroleum i drﬂcarbuns. are am&nable to microb iological treatment, although
the volum small. Biological sail-
treatment ﬂﬂﬂﬁm mmﬂ’lﬂ;mmms. and Ex Silu
techniques such as composting, b:‘plles and slusreactors. The clisfs associated with
AL TP K E LTk IR T Tak T TLa Y X TS

con&lims and the volume of malerial to be remediated. Techniques thal remediate a
soil In Situ are generally less expensive than those Lhal require excavalion (Wang and

Bartha, 1994).



2.2 Phytoremediation

Phytoremediation is the use of certain plants to clean up soil, sedimant, and
waler contaminated with metals and/or arganic contaminants such as hydrocarbon oil,
solvents, and polyaromatic hydrocarbons (PAHsS) by selecting the proper plant and

conditions for a specific site. It is a mechanism that can reduce remediation cosls,

a place rather than transporting the

-

restore habitat, and clean ygaBof t” '
RS
6 o® 0¥ used to clean up contamination in

problem ta another site Meky
several ways comprisTmes

Phytovolatilizatioge®ef kel up waier g1 anic contaminants through the
roots, transport ther &, contaminants as a reduced of
detoxified vapor inff thgi ‘

Microorgani G : _: FiEame exdrele o “Brovide enzymes and organic
substances from the - idgoorganisms such as fung: and
bacteria. The microgge then melabolize the organic
contaminants (Jones el &

Phytostabilization: Pla inants from migrating by reducing run
off, surface era ~l , a8 vaitof i draulie pumping can occur when

tree rools reac ],;, a!er. control the hydraulic

dthin a ground water zone (Berti

¥

gradient, and preve i late

and Cuningham 200 J

B 7) i 131 131 e
"’ﬁ Wﬁﬁﬁﬁiﬁfﬁﬁﬁﬂmaam

|IZEE| to non-toxic molecules by natural chemical processes within the plant (Salt
et al. 1998).

The advantages of using phytoremediation are thal it is stable to work on a
variely of organic and inorganic compounds, either In Sitw/Ex Situ, easy to implement

and maintain low-cost compared to other treatmenl methods, and also environmental



friendly. In contrast, the disadvantage aspecis that restrain the use of phytoremadiation
consist of restricted to sites with shallow contamination within rooting zone, may lake
several years to remediate and depend on climatic conditions, harvested biomass from
phytoextraction may be classified as a hazardous wasle and consumption of
contaminated plant lissue is also a concern. Thus more fieldwork and analysis are

necessary o undersland the possible effects of phytoremediation.

. W
Various plants have gbeen I'ﬂ j 7 / for their potential to facilitate the
I-: ulr® o=

phytoremediation of sites Somtan hydrocarbons. In the majority of

FESESve DBen SHHEETSETTor their potential in this regard

studies, grasses and 1560 feer o

i

, _‘H“ Reilley et al. 1996), Prairne

aremediation because they have

{Aprill and Sims, 1990; Q4
grasses are thought to g
exlensive, fibrous 80 s e maximum root surface area
of any plant type apé® 1 up to 3 m (Aprill and Sims,
1990). They also exfibi Wyerdity. which may give them a
competitive advantage unfavorable soil conditions.
Legumes are thought . B over non-deguminous plants in

phyloremediation because of Therabmhh
N,

nitrogen; i.e., lequmes do not have lo

compete with miggporgs imitegh. supplies of available soil

nitrogen al oil-cof ,’f ' ’—_'—'-" Dther plants identified for

their potential use i .--_--E 0 abm2.1.

W iF

AULINENINYINg
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Table 2.1 A brief summary of plants used for phytoremediation of petroleumn hydrocarbons.

Plant

Type of contamination Reference

- Alfalfa (Medico sativa L.)

Wiltse et al. 1998
Komisar and Park, 1997
Radwan et al. 2000

Crude oil

- Alfalfa (Medicago sativa L.)

- Alfalfa (Medicago sativa L.)
- Tall fescue

(Festuca arundinacea
- Sudangrass (Sorghum
- Switchgrass (Panicum virgall

- Alfalfa (Medicago sativa L.)
- Switchgrass (Panicum virgat
- Little bluestem

(Schizachyrium scoparius)

- Horseradish (Armoracia rusticagal™ss

- Alfalfa (Medicago sativa L.)

- Bermuda grass
(Cynodon daclyfon L.)

..i
s

- Sorghum (Sorghum bigy ;’F—

Karthikeyan et al. 1999

Reilley et al. 1996

Pradhan et al. 1998

Schwab et al. 1995

- Alfalfa (Medicago, 'ﬁij ’J V

- White clover( Tn
- Birdsfoot trefoil {Lotus corniculatus)

e ARG I U1 INE VR E

ﬁﬂjw El’]nﬁ Gudin and Syralt, 1975

o/

- Annual ryegrass (Lolium multifiorum)

- Maize [Zea mays L.) - Saturated hydrocarbons Chaineau et al. 2000
- Aromatic hydrocarbons

- Arctared red fescue Crude oil Reynolds and Wolf

(Fesiuca rubra var. Arctared) , 1999




Table 2.1 (Con’t) A brief summary of plants used for phytoremediation of petroleum hydrocarbons.

Plant Type of contamination Reference
Ryegrass (Lolium perenne L.) - n-alkanes (C o C,,) Gunther el al. 1996
- Phenanthrene

- Blg bluestem (Andropogon g

- Little bluestem
(Schizachyrium scoparius)

- Indiangrass (Sorghastrum

- Switchgrass (Panicum

- Canada wild-rye
(Elymus canadensis)

- Sidecatsgrama
(Bouleloua curtipendula)

- Blue grama (Bouteloua gagcild

- Wweslern whealgrass v;':__- -—,; d
(Agropyron smithi) ]

i

Aprill and Sims, 1930

- Prairie buffalograss Low malac&?r weight PAHs

s 1 944] NENITNEIN

- Common buffalogrags

(Zoysia japonica var. Meyer)
- Verde kleingrass - Benzo[alanthracene
(Panicum coloralum var, Verde) - Benza[a]pyrene

_szg:maﬂnimmmmaﬂ

Qiu et al. 1997




2.3 Enhancement of phytoremediation

The main polential obslacles that need to be overcome lo improve
phytaremediation systems are low bicavailability of the pollutants due to adsorption to
soil particles (Johnson et al. 2002), and lack of adequate microbial activity (Armishaw et

al. 1991). Introduction of fertilisers into gil-contaminated, nonvegetated-soll has been

shown to enhance the degradall i‘ 1 f / rbons via biostimulation (Venosa et al.

1996). Plants may Gniianee  Miciob@e gediadation by providing specific

microenvironments fomg dagradatio _, tic microorganisms. Plants may

support a microflord ithe h"“!.— ealer adaptability for growth on
.y

different carbon solrceg

el al. 1998). Maf

zosphere microflora (Siciliano
al counls increase in saoil

contaminated with @firog uBed into the area (Komisar and

Park, 1997).

Certain legumsg species that fix almospheric
A=
nitrogen and improve the fiutrieAt &t onl@minated soil, There is evidence that
Sy

microbial actwity in the rhiZesg sed to enhance the degradation of

peslicides (Anderson “"FGE A al industnal chemicals such as
polyaromatic hypiCheeask *F“'"“'"""ﬂ""""’—“ﬁ'h l‘.‘lﬂi] Rhizobium likely lo
play an impurtan ,I,- ater nutnenl limitations and thus

increase plant and 1o t grm-.rth Itis knnwn that m:zab:u can increase exudation from
host root or influence pollutant
availabuhtﬂ:l;uﬂm mwm liversity of rhizobia has
been known shown to have the 4bi rafie haloaromatics%hd other complex
AU QERERLIEI ek iEiarat ]
Flants can establish symbiosis with arbuscular mycorrhiza, which may resull in
reciprocal transfer of phosphorus from the fungus to the plant in exchange for carbon
from the plant to the fungus (Ezawa el al. 2002). Arbuscular mycorrhiza are widespread

occurrence and may represent the natural status of most tropical plant species (Siqueira

et al. 1998). A recent study on the role of mycarrhiza during the remediation of PAHs in a



11

mixed of clover and ryegrass showed the ability to enhance losses of chrysene and
dibenzo{a,h)anthracene in a planted soil containing a mycorrhizal inoculum (Joner et al,
2001). Dual inoculation of legumes with rhizobia and arbuscular mycorrhiza can
increase plant growth (Mosse et al. 1976, Redente and Reeves, 1981, Abd-Alla et al.
2000).

A\
2.4 Mechanisms of phyto o elfinlate_Betroleum hydrocarbons
—
There are tFEE paetSa’tnechanismSsey WHIEH plants and microorganisms

s include degradation and

(14

remediate petrolet
containment, as the soil to the atmosphere
(Cunningham et al. s and Overcash, 1983). The

following section prowvj
2.4.1 Degradall

Plants am_:i micrg

Both directly and indirectly, in the
degradation of B MSlSuI BUSiororions o SIsCuCs e alcohols, acids, carbon
dioxide, and water)=ha =persistent in the environment

than the parent co Apounds (Eweis et al. 1998). Though Mants and microorganisms can

[
degrade p Im m Pfjlhe literature suggests
_ that it is thel i nd i i which is the primary
mechanism responsible for petrociemical degradation in phytoreme@iétion efforts.

ARIANNIUARTINETRE

2411 [

The rhizosphere is the region of soil closest (o the roots of plants and 15,
therefore, under the direct influence of the rool system. Plants provide rool exudates of

carbon, energy, nutrients, enzymes and sometimes oxygen to microbial populations in
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the rhizasphere (Cunningham et al. 1996, Campbell, 1985; Vance, 1996). Root exudaltes
of sugars, alcohols, and acids can provide sulficient carbon and energy lo support large
numbers of microbes (e.q., approximately 10° - 10° vegetative microbes per gram of soil
in the rhizosphere; Erickson et al. 1995), Due to these exudates, microbial populations
and activities are 5 to 100 times greater in the rhizosphere than in bulk soil (Atlas and

Bartha, 1998: Gunther el al. 1996; Anderson et al. 1993: Paul and Clark, 1989). This

plant induced enhancement of ha i bgpulation is referred to as the rhizosphere

effect (Atlas and Bartha, 3 _result in enhanced degradation of
organic contaminants e | —

Several sy .:/ lag 'ex “'Ej-ﬁ‘ the rhizosphere effect in the
phytoremediation of gaftls gdrokarbons: . ther et al. (1996) found higher
microbial number§®ang g dpoupie di Sheastt degradation in hydrocarbon
contaminated  soil nplanted soil. The authors
suggesled that plant gBotg : RSl enhanced the degradation of
the hydrocarbon mixilife & Jorakl e TN reported thal populations of
- uvene, and xylene were five times

microgrganisms capable J

more abundant in the rhizosp ~:—:.—_._ ees (Populus delloides x nigra DMN-34,
.. ,,hr‘ -
Imperial Carolinal,thand i a0 et

. (1998) identified that the

5#““_'
conglomeratus, La .;"h

_-.‘: 5] necio glaucus, Cyperus

fid Safsola imbricata) and crop

roots of sevel]

plants (Vicia faba an‘q Lupinus albus) WEI’E' densely assnclated with hydrocarbon-
utilizing H tﬂl ﬂ?ﬂﬁ and Arthrobacter
specuas}ﬁ ﬁﬁsﬂmm ter numbers of these

iﬂﬁ w L was more
ﬁmﬁlﬁm ﬂ:ﬁff]ﬁﬁ ﬁ En soil. As a

resut the authors suggested thal phytoremediation may be a feasible approach for

cleaning oil-polluted soils,
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2.4.1.2 Role of plants in degradation

Evidence regarding the direct degradation of petroleum hydrocarbons
by plants is somewhat dated and limited in quantity. Durmishidze (1977) summarnzed
various studies, pnmarily from the Union of Sowiet Socialist Republic (USSR), on

degradation pathways of hydrocarbons in plants. Corn seedlings, tea, and poplar

@ iplo various acids. The assimilation of

) pentane was recorded for bean

ce. The ability lo assimilate n-

shools were reported to metabali
radiolabelled methane, e
and corn seedlings, a
_"""'h & foots of both whole and cut
S

ldnits was generalized as:

adlkanes and liberale L

plants. The general {2 ;‘/.

n-alkane > pring i-CoA > various compounds

Durmi€h 077 ) Bi5e Jb b8nzene, toluene, and xylene

e days; by the green mass of

the primary conversion progtict gl beng plant tissues, with the subsequent
production of vanessacids The primary cleavags" pis pf toluene were given as

A

glycal, as well V id. Benzo[a]pyrene was

reportedly metaboliz i! by 14-day-old O and bean plank SE alfalfa, ryegrass, chick pea,
cucumbers, auash or€hasd grass, and vetﬂwnh the amount of degradation ranging

from 2 to 1 'Haﬂ.q M %ﬁ%ﬂqﬂa rying with plant type.

The resulls cmsevaral other moregrecent ﬁluthEﬂSO rndncate PAHs can be

RPN AR ENYINHIR Ef .
[ C]allhracene and [ C]benz[a]anthrac&ne in bush bean grown in a nutrient solution
containing the two PAHs. Within the plant, parent compounds were transformed into
both polar and non-polar metaboliles. Interestingly, substantial quantities of the polar
metabolites moved into the nutrient solution as root exudates. By maintaining sterile

conditions the author ruled oul microbial transformation as lhe pathway for the
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production of these melabolites. Edwards et al. (1982) also reporled that soybean was
capable of degrading [“Clanthracene. Evidence of the degradation was given by
measuring the '‘CO, given off from plants placed in [‘Clanthracene contaminated soil. It
was also measured by analyzing extracts from plants thal had their roots placed in a
solution containing ['Clanthracene.

~ There is a cunsnder ble body of information available regarding the

u,r/'

QL TO0CASsociated enzymes capable of

indirect roles played by pla nis of petroleum hydrocarbons. These

include: (i) the supply of Gt < lhe rhizosphere effect and enhance

cometabalic degradation,
transforming organic po kgnd chemical effects of plants and

their root systems on sy

dates are the link between plants
and microbes that leads iglhe, sf=s=phe :t. The type and amount of root exudate

are depend on plant species :::;rr =S _plant development. For example, Hegde

and Fletcher (1 39610 Bhelic ’ the roots of red mulberry

(Morus rubra L.) :' o7 I-"";.[ nl with a massive releasa

at the end of the dafon d0¢ BECencil The type of root exudate is
W iF

also likely to be sile ani,tnme specific {Smlllanu el al, 1998). Site and time factors include

‘;‘?;:;'.:'ZSfl‘f{%!:?mﬂmﬂzlmﬁmﬂmf'”m‘”"’
AR A

*non-specific” depending on the exudate. Specific interactions occur when the plant
exudes a specific compound in response lo the presence of a contaminant (Sicihano et
al. 1998). Non-specific interactions occur when lypical or normal plant exudates are
chemically similar to the organic contaminant, resulting in increased microbial actity

and increased degradation of the contaminanis (Siciliano el al. 1998). For example, the
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roots of red mulberry typically exude rhizosphere phenolics that help creale a suitable
environment for the biodegradation of PCBs, and perhaps PAHs, by selectively
promoting the growth of certan microbes, such as tl;& PCB-degrading baclena
Alcaligenes eutrophus HB50, Corynebacterium sp. MB1, and Pseuvdomonas pulida
LB400 (Hegde and Fletcher, 1996; Donnelly et al. 1994), Results of experiments using

rhizosphere sail collected from alfalfa rqots and non-rhizosphere (bulk) soil suggest that

()
Y |
the continued presence of ;plaRt % Jr S
degradation of PAHs in sOIMIVEIZEl'El al “#587

Rlante® wit TREITOEEsgrass {Chioris gayana) versus

jtheir exudales may be required for
Wnversely, reduced mineralization of
naphthalene was fourTamn
unplanted soils, possibl have placed naphthalene-

degrading microorgani atkins et al. 1994).

% which a cﬂmpuund that cannot
support microbial grawtry ............ difiedior deagraded when anather growth-

supporting substrale is pres and Berti, 1993). Organic molecules,
including plant exyda

co-metabolize ps .'} PRO et al. (1997) hypothesized

that plant Exudale Ay

port gapulations of microbes that

SlilegTiuring the biodegradation of

[“Clpyrene in the rhlznsphere of crested Wi"lBEf.gI‘ESS Petroleurn hydrocarbons can also
serve as tent (i.e., recalcitrant)
hwrmarbﬂnﬁmﬂuqudeed the presence of

m i dﬁ fluoranthene,
)g[ﬁlﬁea dﬂﬁﬁ lﬂﬁpl ﬁ[ﬂﬁ ﬂhr‘r'sena. and

beﬁzu{g.h ilperylene, all of which have four or five benzene rings (Keck et al. 1989).
Benzo[alpyrene is another large (five-ring) PAH that is typically recalcitrant in soil, yet it
was almosl completely degraded (95% degradation) by soil microbes when suitable
cosubstrates were present in a crude oil mixture (Kanaly et al. 1997). The recalcitrant

nature of PAHs with four or more benzene rings is thought to be due to the inability of
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microorganisms to use these compounds directly for energy and growth, which
emphasizes the importance of cometabolism in their degradation (Kanaly et al. 1997,

Keck et al. 1989: Sims and Overcash, 1983).

2.4.1,2.3 Planl enzymes involved

Anothe hat plants play in the degradation of

11!//

capable of transformingeeigasic: inanis-yweatalyzing chemical reactions in soil.

petroleum hydrocarbons g cgaymes from roots. These enzymes are

Schnoor et al. (199 lhe causative agents in the
transformation of CONLagNEGIE ME Iy} and scil. Isolated enzyme systems
included dehalogeMascdf Efuclase B8case, and nitrlase. These
findings suggest thal p fidant spatial effects extending
beyond the plant it - foralveliects, € ifleing after the plant has died

(Cunningham et al. 199§
pA e of bn physica emical soil conditio

nfluence degradation by

altering the physi i =0i| exploration by roots helps

bring plants, microB®s, nutrients and contaminants into B6ntact with each other. Plants

also provi ﬂaﬁr ﬁm{ﬂ ﬁilng plants through the
loss of ﬂ alindlis substance that is a
lubricant for root penetration thrcl..(;h the soil lﬂnﬁm et al. 1988). Organic malter

cﬂ e bV Floa Gld. b Yl cdb] £t Bt s o

mta ct with living organisms) of some petroleum hydrocarbons, particularly those that

are lipophilic (soluble in lipids) and bind to organic matter.



2.4.1.3 Role of microorganisms in degradation

Currently, miﬂmorganisms are used o destroy or immobilize organic
contaminants in the absence of plants in a process referred to as bioremediation. These
issues include the lypes of microorganisms involved in phytoremediation, reasons for

microbial degradation, differences degradation by various microorganisms,

characteristics of microbial g plved in degradation, and the role

microorganisms play in redug g

eportedly involved in the
degradation of pelg e baclena Pseudomonas,
Arthrobacter,  Alcalig fes &y - A depbacterium,  Achromobacter,
Micrococcus, Mycobac fyted as the most active baclerial
species in the deg ,_, {Bossert and Bartha, 1984)
Pseudomonas, Arthrobacler, Ada ks oftén occur in greater numbers within
rhizosphere soil than bulk sei Soil fungi also play a role in the
degradation of Giieur s For aeamek ‘:i ersity of fungi, including

Aspergillus  ochre srochaete chrysosponium,

Saccharomyces cedvsiae, and Syncephalasirum rac®Mosum, can oxidize vanous

PAHs (e.g. 5 uoranthene, fluorene,
naphthalmﬁmﬁﬂﬁ ﬂrﬂ?}?ﬂﬂu nd fluoro-substituted
PAHs (Sutherland, 1992). Radwa#l et al. (1998}, investigated liggs microorganisms
AR WAL BN o
plant used in the investigation included various Kuwaiti desert plants together with corn,

tomato and termis. Rhizosphere samples of all plants were rich in oil-utilizing

microorganisms.
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2.4.1.3.2 Microbial degradation
* Microbial degradation of organic contaminants normally occurs
as a result of microorganisms using lhe contaminant for their own growth and
reproduction. Organic contaminants not only provide the microorganisms wilh a source

of carbon, they also provide electrons thal the organisms use to obtain energy.

| W!

noreflelldegradation reaclions, and transfarm

In genergl processes of microorganisms acl on a
wider range of compoundset
contaminants into Moressimg ""'"' ecUiés thamsthesesalbplanis (Cunningham and Berti,
1993). However, no contaminants in the same
manner. The pathwa o rads by prokaryotic microorganisms,
such as bacteria, . prporation of two atoms of
molecular oxygen i of less toxic compounds
such as acids, alcohgl€, g Giison and Subramanian, 1984;
Eweis et al. 1998; Pothu Wirast, degradation by eukaryolic
fqu'r initially involves the i b : pe 3t of oxygen into the PAH, which is

J Y ks < 12,

similar to the degradation mechamsm tau
bl

Bmmals (Sutherland, 1992; Cerniglia et

al. 1986; Pothuluri_and

L

fungal transformations resull in

Cﬁmpﬂundﬁ ‘that . T e e e

]
ampounds that are more toxic

¥

E'-‘ of the minor metabolites
produced during fungs

than the parent com -i'- nds (Sutherland. 1992).

‘o & ; regarding microbial
cmmunitieﬂvuﬂjﬂmjuﬂﬂ::[ﬂnﬁn!s. For example, lhe
composition and size of the micmtﬁl communi he rhizospher nds on plant
AL b REa T T A it X i

Bartha, 1984), The microbial community also may vary with exposure history; i.e., sail
microbial communities may experience selective enrichment of contaminant-tolerant
species when exposed lo a contaminant for a prolonged period of time (Anderson et al,

1993). On the other hand, some species of bacteria can degrade a wide variety of

rarely-occurnng compounds without having to first adapt to contaminated conditions
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(Siciliang and Germida, 1998). Catabolic palhways in Pseudomonads. for example,
allow these bactena to degrade a vanety of aromatic contaminants (e.q., toluene, m-
xylene, and naphthaleng) without having lo synthesize a large number of different

enzymes (Houghton and Shanley, 1994).

2.4.1.3.3 Role of microorganisms in reducing phylotoxici

oLe8 involves their ability to reduce the

..._ Is can grow in adverse soil

adatian ol.o - non-phytotoxic contaminants

phytotoxicity of conta
conditions, thereby s
(Siciliano and Germida, 94] have hypothesized that the
defenses of plants®™o @bnErginsnts " m Brted through the external
degradation of co : hizosphere. That is lo say,
plants and microbes § ) ielicial strategy for dealing with
phytoloxicily, where mi_c or e isis ) '\‘\ plant exudates while the planis
benefit from the abiity of e G o 48 loxic chemicals.

EvidenCagresipie is hypothesis can be found in several

studies. Improvemgnt ofa gd with, oil residues resulted from
the removal of the et :‘{ he genus Bacillus, which

used plant exudale R £ imdhe rhizosphere. The rool of

Senecio glaucus pla 7 ;;mw along an oil leak polluted ‘: of Kuwaiti desert and
adhering mmnﬂmmj the transitional zone
between th ' u et*al. 1995). The aulhors
sugges! L mi eloxifi d‘c ntaminants izospher ich allowed the
AR A ol 1IN Td

q
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2.4.2 Containment

Containment involves using plants to reduce or eliminate the bioavailability of
contaminants to other biota. Contaminants are not necessarily degraded when they are
contained. Direct mechanisms of containment by plants include the accumulation of

petroleum hydrocarbons within the plants and adsorption of the contaminants on the

j e use of plants as organic pumps to
f ﬁgrevenﬁng the contaminant from
#

supplying enzymes that bind

root surface. Another direct mechais '-_H‘ ' ,’-
isolate the contaminant “the oot i

spreading (CunningharmiySistkeco

Planis act indifé -,'1"'..::':1""r

contaminanits into

:;'\

ification and by increasing

soil organic matter aaftengfvul€if diows fogt Bunningham et al. 1996). For
example, preliminary glidigh o Walies bl (199 88est that "C originating from
radiolabeled fluoranthege, e may be incorporated by

sweel clover (Mefilotus alis ganisms into humic and fulvic

acids found in the rhizoSphe

Several studies lllustra 12 p petroleum hydrocarbons via their

A . .
b b8 geee in their roots and shoots,

rools and may accum
Durmishidze (19 ,$__;_,.;..—.1--'.ﬁm;i?:‘.‘::r.—.-_...-;; ' ]methane |h;ﬂugh theair

roots and that bean ast sliedl methane, ethane, propane,

butane, and pentane d rough their rools and leaves. In experiments involving the fate of
["‘Clbenzeng<a $oi Eiﬁ ; m to 8% of the '‘C was
recovered w%ﬁ i ,mﬂ | ﬂﬂﬂhﬁsmam sail attached
to unwashed roots, and that less thaff 2% of the receSered 14C occurfed in the shoots of

ot AT IEU AN INETR E
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2.4.3 Transfer of petroleum hydrocarbons to the atmosphere

Soil may be phytoremedialed by using plants to transfer volatile petroleum
hydrocarbons from the soil to the atmosphere. In the phytoremediation literature, this
process is also known as phytovolatilization (Flathman and Lanza, 1998). Wiltse et al.

(1998} observed leal burn in alfalfa pI nis growing in crude oil-contaminated soil. The

authors suggested that an unid > ,I‘ difrom the contaminated soil was being
translocated through the . / / e leaf bumn gradually disappeared
as the experiment progeess aminants responsible for this
effect had dissipated A e found that the wolatilization of
["‘Clnaphthalene wa . ed to Bell Rhodes grass
compared to unpla ed that naphthalene was
taken up by the roots t, and transpired through
the stems and leaves. hadism of removal would reduce
the amount of naphthalg have implications regarding

subsequent contamination g Asequently, regulatory compliance

with air quality guidelines.

F_.;
2.5 Arbuscular mycorniz

na

Arhuscular mycorrhiza {Abealu to thé@erder Glomales@ahd form highly

orr B pchGY SiFd o bdogh b bt o B b eroacens
and waady plant species, are obligate endosymbionts that colonize plant roots of almost
90% of terrestrial plants. Another name, Vesicular-Arbuscular Mycorrhiza (VAM), comes
from structures which are formed within root cortical cells, vesicles, which are thought lo

be storage or reproductive structures, and arbuscules, branch multiple-tipped hyphal



structures within the plant cell. Thewr composition is divided into 2 struclure types
including structures in root and saoil.
Struclures in roots composing of
Hyphae, non-sepiate when they are young and ramified within the cortex.
Arbuscules, intricately branched haustoria in cortex cells.

Vesicles, storage structures formed by many fungi.

Structures in soil composipe \
Hyphae, a PHaa®ae in the soil with thicker hyphae
lunctiﬁning as : e which are thought to absorb
nutrients.
Spores, lagaé 238 ' 4/ sphier g5 (20-1000 pm diameter) that

form on hyphe®in g _ \

AM present ingios gzl - ura jstems are important for plant
health, nutrient cycling, i Soil structure. AM procure and
transport phosphate and § i Al 10\plant roots. On the other hand,

"

S garn l,a:.:g:&:-'- artri Ha r'l"iﬂﬂil"ll 1999}

the host plant provides fi

V i :
Furthermore, AM could Taghisia the #gement of metal contamination in soil

. ) e : '
for a restoration and bioremedial ation indicated the challenge of
the transfermng thi Syttt o

v '

or senting a very long term
or the possibilities l Sustainable agricullure. As a

consequence, AM we % ;rur;iaf determinants of plant biodIVE rsity, ecosystem vanability,
TNV WY The
U
2.5.2 Classification of ar : iz - El']auﬂ

qAM belong to Order Glomales which have taxonomy subsequence as

summerized in Table 2.2.). Generally, we could find the AM form mullinucleate spores in
the soil which vary in wall structure and morphology between species and different
stages of development (Walker and Trappe. 1993). At the present, some of these fungi

could be identified on the basis of morphological features such as the spore surface,
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spore color, spare shape, spore size, and spore ormamentation elc. However, these
merphological varniations make it difficult to identify the species presenting in natural
ecosystems (Gioivannelli and Gianinazzi-Pearson 1994).

To ensure reliability in the identification of these fungi, analysis should be
completed on spores from single-spore pot cullures or a large number of specimens

collected from the field, in order lo have a range of spores at different developmental

stages and to find spores hich can be used for classification

(Morton et al. 1994). Howewg  this. me hoGAday S difme consuming. The morphology-
based identification of : ied witen it wassusedlin ecological seltings because
spore production was™mg F"'.-::'?- ant| o phySioig e arameters and may not be
correlated with rool "€0lon ; cafliel Fliter, 1991). Therefare, using of

molecular technique

genelic variation of thg#€

1
v

Table 2.2 Classification schaifie fosid

et

Order bord = E;?fr{.é; Eh

s | E— L
Glmala's - Q-ﬁ7|:.|lt||ll:.m::_ﬂi T P
l‘I.

Glomales




24
2.5.3 Role of arbuscular mycorrhizal fungi and minerals uptake

When a nutrient is deficient in soil solution, the cntical root parameter controlling
its uptake is surface area. Hyphae of mycorrhizal fungi have the potential to greatly
increase the absorbing surace area of the rool. For example, Rousseau et al. (1994)

found that while extramatrical mycelia (angregates of hyphae) accountéd for less than

20% of the tolal nutrient absorbi , they contributed nearly B0% of the

absorbing surface area of e pil . g 4 _also important to consider the

distributi functior"SPHE .,.— Heal HyphaE e trhiza is to be effecti
I 1an ﬂl'ld unct ma d J______h m‘fﬂﬂ 1Za 15 (0 De elfecClive

wand the nutnent depletion zone

7/ ,\‘r“‘ ~
///

in nutrient uptake, the hyp

that develops around develops when nutrients are

removed from the sdll Solufic - ranic \\‘ .M-, replaced by diffusion. For
a poarly-mobile ion d€ ? al9 ‘. . “ \;qu ' depletion zone develops
close o the root. Hypha® cah g adily #e @:‘\ stibflzone and grow into soil with
an adequate supply of phds oo Bl '*I'I‘ mic iBnts such as zinc and copper is

also improved by mycorrtyfae _.-“ lenignts are also diffusion-limited in
several soils (Jamal et al. 2002).
=N
Another faslor uting -~ ta’ abgerption of nutnents by
mycorrhizae is th ,;, i I:‘ sepness of the diffusion
gradient for a nutrien II ¥ of Wik absorbing unit; therefore,
i i i¥
the soil solution should lzg less depleted at the surface of a narow absorbing unit such

as a hypha res inaccessible to
rools or evam ﬁ WMMﬂ m?]l fungi is access to
poo ﬂ is access is

mﬁ ﬁﬁ% m‘ ﬁptm'ﬂ?] anic acids

through the action of low-molecular-weight organic anions such as oxalate which can
be: (i) replace phosphorus sorbed at metal-hydroxide surfaces through ligand-
exchange reactions, (i) dissolve metaloxide surfaces that absorbs phosphorus, and (iil)
complex metals in a solution and thus prevent precipitation of the metal phosphates

(Fox et al, 1990).



2.5.4 AM formation

In nature, most plants do not only have roots; instead they have mycorrhizae, the
symbiotic association of a fungus and plant roots. AM are the most common rool

endosymbiolic association, and are formed between the roots of most higher plants and

exchange of signals be two 50 amis, although the nature and the
t " Exudates from a host root,
especially (iso) lavonoids gni¥e] purg ge -‘-“:-h“*\{_'_l‘: elongation and branching of
hyphae (Giovannetti et al #8554 2 fHie robt Su H he hyr ae form swollen structures,
named appressoria;
wall of a root epidegul cgll. | gt asr 4P pesss .'.”‘x;:'f"' ot formed when contacting
cortical or vascular cellvalls, | Jicay w-,; ! theYuidgus! =cognizes specific epitopes
present in the cell wall of g#ot __’*%‘- eelstNggafasiiand Douds, 1997).

The appressoria beg root epidermis and subsequently
new hyphae develop which wil "eater—the—m@i=Uepending on the host plant this can
occur either intercelylar acellularly. glving-intercellular infection, the
Arum type, is .;
studied than the AMT "‘ e Farish type (Smith and Smith

u-'

,1897). The plant accuwnodates the |nva5|un of the fungus by secreting new cell wall
material whlﬂs vli rﬂ] the fungus invades
cells and th Iﬂ\ﬂm:gn ?Tﬂ.?l ramified slruc umLe arbuscules. These
stru afgfamsms

ﬁmﬁiﬂﬁ“ﬁmﬁﬁﬁﬁm

the cell cyloplasm. A perifungal membrane, originating from the plant plasma

.“:’J ecome more frequeantly

membrane invaginales and surrounds the arbuscules. During the formation of
arbuscules, the plant cell becomes cytoplasmically dense, its vacuole fragments, and
the number of Golgi bodies increases. Furthermore, the nucleus moves to a more

central position in the cell (Balestrini et al. 1952},
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When the mycorrhizal fungi colonize the rools and appressoria have been
formed, the fungus rapidly enters the cortex. Upon entry the root arbuscules are formed
within a few days. Arbuscules have a similar morphology as haustona; the feeding
structures which are formed by several pathogenic fungi during a compatible
interaction. During both haustorium and arbuscle formation, plant defense responses

are induced, but only at a low !w For these reasons it seems probable that

haustorium and arbuscle fu slic f /; ar mechanisms. In contrast to the
Rhizobium-legume interacilt th s_[.‘.«Er.:il“n'.:ity.ur in AM symbioses. A
fungus can interact wi Pecies, whereas a certain host
plant can interact with seyg everai plant families can be

considered as non-mycog Af e Brassicacea. (Albrecht et

al. 1998)
2.5.5 AM an
AM associations fol whet= ‘5‘ jpd coppatible fungi are both active in
.r":"*"
close proximity and soil conditio sare favourable | he infection process consist of three

e A 2

different steps: (1) kyp e, gapendent initially upon its

own nulritional su =,: ; "‘1 by rool exudates and

initiation of the infect' proe opmént of intracellular arbuscules

¥

which connect the funguéa to the nutrient flux Trmn the plant (Giovannetti et al. 1993).

@ymﬂmw 8IN3
A WLANL RUNRAANHNALL.

were alsn originated from fragments of rools. In many cases, there is already a pre-
exisling network of hyphae resulting from previous root activity, Hyphae resulling from
spore germination have a limited capacity to grow and will die if they do not encounter a

susceptible rool within a week or more (Gianinazzi-Pearson,19956),



2.5.5.2. Root contact and penetration

Mycorrhizal associations start when soil hyphae respond to the presence
of a root by growing towards it, establishing contact and growing along its surface. MNext,
one or more hyphae produce swellings called appressoria belween epidermal ceils

Root penetration occars when hyphe from the appressoria penetrate epidermal or

cortical cells to enter the root. T \\ .‘ ” @ss the hypodermis (through passage

cells if these are present in Bk .f_'_ " gafanching in the outer cortex

—

255 T

ArbusBllesdirs -ff-,d shgan < SMe that formed within a root
cortex cell becausedficy JEok | - rfrees, Arb : Uigs are formed by repeated
dichotomous brancﬁ'rn an i arting from an initial trunk
hypha (5-10 um in diame iom of fine branch hyphae (< 1 um
diameter). Arbuscules start o fad __ ely BWclays after root penetration. They

grow inside individual cells of tHeEs emain outside their cytoplasm, due o

A Hea WA T . .

invagination of the plasg e A @ie copsidered the major sile of
exchange betweefl] ;""—"""""'"_"'“""' o sed on the large surface
area of the arbuscul’n d (Smith 1995). Arbuscule
formation follows hyp ‘grm-.rth prugressmg outwards frn  the entry point. Arbuscules

"“”ﬂ“ﬁﬂ“’i 'P’I“ETW?W NI i I

months or

amamzuumfmmaa

Vesicles were developed to accumulale slorage products in many VAM
associations. Vesicles are initiated soon after the first arbuscules, but continue lo
develop when the arbuscules senesce. Vesicles are hyphal swellings in the root cortex

that contain lipids and cytoplasm. These may be inter- or intracellular. Vesicles can
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develop thick walls in older roots and may function as propagules (Biermann and
Linderman 1983). Some fungl produce vesicles which are similar in structure to the

spores they produced in soil, but in other cases they are different.

2.5.5.5. Spores

Spores lorm as Swe d op more subtending hypha in the soil or

in roots. These structures wanl gwEind many nuclei. Spores usually

e

develop thick walls wit nction as propagules. Spores

may be aggregated int0Qrg drps may contain specialised
hyphae and can be asall e pule : M, Spores apparently form wher
nutrients are remobiled Dol fuhergsagsaciali 56 escing. They function as
stpmge structures, P s may form specialised
germination structure, g He subtending hyphae or grow

direcily through the wall.

nkef th er of Glomales. In
contrast o AM formation, only aflew plant spesies have the @ldility to interact

maumaaaammwm ﬂ%@ﬁ Bhiotuman

' Smum.- ium. This interaction is almost completely restricted to leguminous plants and

results in the formation of a completely new organ, the root nodule. In these nodules the
bacteria are hosted intracellularly and there they find the ideal environment to reduce
atmospheric nitrogen into ammonia, a source of nitrogen which can be used by the

plant (Long, 1996).



2.6.2 Nod factors

Root-nodule formalion involves growth respur-lses in the epidermis as well as
cortex of the root. This implies that the bacteria redirect the development of fully
differentiated plant cells. The bactenal signals that set this in motion are the so-called

nodulation (Nod) factors. Nod factors of the different Rhizobium species have a

g terminal sugar (Long, 1996).
The biosynihesisxiistie: Badic N Clakslueidie is catalysed by the bacterial

NodA, NodB and No@ JadC 48" M8lucosaminyl-transferase and

calalyses the syntheSiE ghiry plig ’ glS"the length of this backbone.

The terminal non-red is deacelylated by NodB,

and subsequently sulasti everal other Nod proteins,

% dify a terminal sugar residue
\"-‘_‘H al. 1994), These modifications

which can be specific fgffa
or determine the nature
define the biclogical a ; vilyla o v of Mod factors. As an example, Nod
faclors produced by S;'nu rr_i___ ously named Rhizabium meliot} and
Rhizobium leguminosaruriai ar. Eiae, d i Figure 2.1. The major difference
between both Nod ;:m—_-:—-:“ —— -E.T, ' group at the reducing
terminal sugar of the " "l' acyl chain.

J -
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20bium meliloti and

Rhizobium Ig@urfinasatue biovar vicide (L&rouge et al. 1990).

Since bioastivi eigstructure. It is very likely
that they are re Y ur:.h receptors have not
been cloned. Bioche i Nod-factor binding proteins

occur, but it is not yet clﬁar whether these are Mod-factor ret;emurs (Miebel et al. 1297).

gmmwﬂmw gIN3
qWIAND JOLUBIIANENGE, ...

curllng of root hairs within 1 2 days of inoculation. Rhizobium uses

microenvironment within such curls te establish an infection site. They locally degrade
the plant cell wall and enter the root hair via invagination of the plasma membrane
(Turgeon and Bauer, 1985). Vesicles are directed lo the invaginated membrane, leading

to the formation of an inward tip growing tubular structure, the infection thread. In
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general, Nod factors are not sufficient to trigger root-hair curling and infection-thread
formation, but they play a crucial role in the infection process, since infections can only
be initiated when the b:ﬁ:taria secrete specific Nod factors (Geuris et al. 1997).

Results obtained with bioassays have provided some insight into the mechanism

by which Nod factors alter the growth pattern of rool hairs. Such studies have most

extensively been carried out using ve Vicia sativa). Vetch-root hairs which respond

morphologically to the applicalic I / have almost terminated growth. The
marphological changes st g Gl Lgethair tip, which occurs within 1 hour
of Nod-factor application a 1IItng is the result of isotropic
growth, is accompanied by ient at the plasma membrang
and requires protein Syn s ollen tips, new tip growth is
initiated and the “Cylo 4 glurg “old ‘. . '!\ Otgrowth shows a strong
resemblance o that @ nofm i ot , jies show that Nod factors
can re-induce (tip) grg 3ins unclear how Nod-factor
secreting bacteria can Wat shepherd's crook-like curls
are formed. Furthermore, v and modify this growth process
for infection-thread formation re —'—,.;_.i-._-;

Nod-factor-igduced? GroWii" respor hairs—are preceded by rapid

physiological char ;,

;'-; bto the hairs. Shortly after

this calcium flux, 3} OpPpas --w:,-- ions occurs, which is

accompanied by a epéﬂanz,atmn of the ront-hasr membrane (Felle et al. 1998). These

M0 *) 161133 10110 [0 R
WOV ANV bIbaioh it I

unmuwn

MNod factors can mitotically activate clusters of cortical cells by which nodule
primordia are formed. Which cortical cells will form a nodule primordium is determined
by the host plant. Pnmordia are mainly formed opposite the protoxylem poles and

furthermore, the host species determines whether inner or ouler cortical cells are
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involved in primordium formation. When the nodule primordia are formed in the outer
coru-::a_r cell layers, as in soybean (Glycine max), the infection thread grows through the
root hait and can immediately invade the primordium. In contrast, in legumes, e.g. ped
(Pisum salivum) and Medicago species, in which nodules are formed in the inner cortex,
the infeclion thread has to cross several cortical cell layers before reaching the

prmordium. The cortical cells which will be traversed by an infection thread re-allocate

their nuclei to their centre fros) bules and cytoplasmic strands are
: 11,! //

positioned anticlinically to e, Ay read (Van Brussel et al. 1992). By
using cell-cycle phasespeeiie that these cells have entered

the cell cycle but become

that the cytological structure
found resembles a p . A radial array of cortical cells
containing such phrafmogifislilé | ‘ S BBX for the infection thread to
support its growth agdfo gt o e fid fofination of phragmoplast-like
structures during infec . 3 modify a common process,
namely cell division, ang Wifferent purpose, the infection
process.

When the infection threds "Orimordium, the bacteria are released,

7T ,w
and enler the cyloplas el membrane. Within the host

cytoplasm the bacl ; ..Hr and together they form
a so-called symbiosa I Fiaes Pact@al surface is never in direct

¥

contact with the plan c;tnplasm Upon mfe-:lu::n the nodule primordia simultangously
form a meri Ie In most species
nodules are@ﬂﬂc;a Ir ﬂ nm e meristems maintain
their, ﬁ ﬁ‘ le, and they
ﬁ‘iﬂ?ﬂmmﬁiﬂm NENY
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2.6.4 Hos! specificity

Mod-factor-controlled host specificity, an intriguing property of the Rhizobium-
legume interaction is ils host specificity. Most rhizobia have a very narrow host range.
For example, 5. meliloti is able to interact with Medicago, e.q. alfalfa (Medicago sativa),
Trigonella and Melilotus species, whereas R. leguminosarum by wviciae forms nodules
5 I: ! /
In most cases host'sg .'.':'_' '- e colete® apseveral levels, but synthesis and
afpronwnenisraienThe rhizobial genes encoding

are activated when the bactena

on species of the genera Pisum (g 2.g. vetch), Lathyrus and Lens.
the structure of Nod faclemsseliensmlay
the enzymes involved
grow in the vicinity &7 the a0l gt <. There, rhizobia sense signal

molecules, which are®isugilly Ndvgngigs, s -‘”,I hy 1 \- These molecules activate

\\ \

\ ne host can play a key role in

induces the expression of

the constitutively form; - a

controlling host specificity, gBr exsa wm el and Rhizobium loli secrete Nod

factors with an identical stru

the other Nod genes of & Biosynthesis and secretion of

Nod factors. The nature §

#dDs are only activated by elicitors
secreted by lheir specifi B qene_encoding a constilutively
active NodD protel ;—*ﬂﬁm'ﬁ_ﬁ*mﬁﬁ @rge and could infect each
other host plant {Car 35 _...

The length n a glucasamme backbone, the st Lura of the acyl chain and
specific sub: f Mod factors can all
contribute tuﬂlﬂ MMn l.ﬂﬂ:jmg Changes in Nod-
factor structure, either mutatluns #rod enes of other
Rhiza ﬁ bh'&% : rg ﬂij ﬁ.ﬁ 5train, but

in snm cases it obtains the ability to nodulate non-hoslt plants. For example, mutating
the sullolransferase-encoding gene nodH of S.meliloti, which is involved in sulfation of
the reducing sugar terminus of the Nod factor (Roche et al. 1991), results in the inability

of such strains to interact with alfalfa, but it has gained the ability to interact with velch

(Faucher et al. 1989). Such expeniments demonstrate that the plant discriminates the
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different Rhizobiurn species by recognizing their specific Nod factors. Some rhizobia
have overcome this restriction by producing a great variety of Mod factors, eg
Rhizobium sp. NGR234 (Price et al. 1892), which can nodulate a broad host range
encompassing legume species of mare than 110 genera (Freiberg et al. 1997) as well
as the only non-legume known to eslablish a symbiosis with rhizobia, Parasponia

andersonni.

Strict regulation of bag bigall Nod-factor-controlled responses,
bacterial entry appears to't ot strfatlengbntrolied. Infection-thread initiation
growth in the root epidenm en the rhizobia produce Nod
factors with a specific “‘m depend less on Nod factor
structure. For examplg, dL, leading to an absence
of the O-acetylalio 5 due, or mutated in nodFE,
leading to the abseg the acyl chain, are both
seriously hampered in .x'%., her Mod-factor-induced plant

responses are not affects,

Alternatively, it is polisibleHal Mo iBiors 6dl induce the infection response al
i ) _ _
variable levels depending on (NSl # Mod factor. This would imply that the
e
ability of the plant o blog = peads is.lower when the infection

response is highe ;,

Besides -----i a alsb facilitate infection-thread

growth. For several plant .; it has been 5h::wn that deru:mm::es in Nod-factor structure, by
which infec the rhizobial NodO
protein {‘Jlaﬁ H ﬂlmﬂnﬁm'ﬂm?nm invalved in Nod-
fac clion nﬁn calcium and
SOk b RTapraRIL g XY

Therefnra it has been postulated that it will form ion channels in the host plasma
membrane as well, where il could conlribute to the suppression of the incompalibilily
mechanism or the induction of the infection responses.

Other host proteins involved in the regulation of infection-thread growth are

lecting. In the root, lectins are present in relatively low amounts and are localized on the
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external surface of elongated epidermal cells and on the tips of developing root hairs
(Van Rhijn el al. 1998). Introduction of the pea lectin into white clover (Trifolium repens)
showed lo increase nodulation by its host strain R.feguminosarum b trifolil (Diaz et al
1995). Strikingly, expression of heterologous lectins also facilitates infection by non-host
rhizobia, showing that lectins—in analogy to NodO—decrease the threshold level for the

infection response (Diaz et al. 1995). How this is achieved is not exaclly known, however,

86 no longer facilitate attachment of

data obtained with a lectin mutatéd ':1 f hydra[e—btnding site shows that this
protein is unable to extend 1 (1 g*

the baclerium to the rochamsurase (Vad Rhi e
]

2.7 Interaction of

The increased micro@ial ack Aty i hiZ05 Miere soil affects the plant. A range

of stimulated rhizosphere mic ."':;; 5 saprophytes, pathogens, parasites,
A

symbionts, etc., carry oul many agiidiics v portant to plant health and growth,

L
S -

Some of these ,é,m;mz.m:..—:.::._!..,.:.'....!..,_,,..;__i : E'Ejuiggy b:‘r pmducmg
plant growth-regulaliss S aner plant nutrient availability

3 |i dF
and biochemical reactons undertaken by them. AM fungi féve differential effects on the

bacterial ¢ i ‘Lﬁr j W ner and Baumann,
2003). Dﬁ“‘ﬁ E] w E' EI“' ﬁlﬁ

AM improve P-nutrition by scdvenging available P through the fadge surface area
o i hac] BhNIFA bbbk AR o i i -
acquja’ﬁun by solubilizing organic and inorganic P sources through phosphatase
synthesis or by lowering pH of the seil (Rodriguez and Fraga, 1999). Garbaye (1994)
defined MHB (mycorrhization helper bacteria) as bacteria associated with mycorrhizal
roots and mycarrhizal fungi which collectively promote the eslablishment of mycorrhizal

symbioses. There is growing evidence that diverse microbial populations in lhe
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rhizosphere play a significant role in sustainability issues and that the manipulation of
AMF and cerain rhizobactena like PGPR and MHE is important. Vivas et al. (2003) used
a dual AM fungus-bacterium inoculum lo study the effect of drought stress induced in
lettuce grown in controlled-environment chambers. Their results showed a specific
microbial-microbial interaction that modulates the effectivity of AMF an plant physialagy.

The authors concluded thal plants must be mycorrhizal in nutrient-poor soils and thal

mycorrhizal effects can be impraved B 8¢ Wéulation with MHB such as Bacillus sp.
Co-inoculation of 'wgele ' redan acleria  isolated from adverse
. e th ‘nd function of AM symbiosis,
particularly when the planLamlanenadiiions are _erse (Vivas et al. 2003). Both
' { “x in MN-fixation, phytohormone
"gbsOfption. Chaudhry and Khan

L

Hfiking bacterial symbionts in

production, P-solubifZatigi,
(2003) studied the

sustainable plant grow it oo ﬁ‘\\ afllaminated induslrial sites and
found that the plants su ol SUEN SE $60CIBted with N-fixing rhizobacteria

and had a higher arbusc rmals Rli0 e. a cumulative and synergistic
effect. The MHB cannol be (st ahe dying mycorrhizal symbioses in their
{ﬂj,"g'

nalural ecosystems,, The et g.evend time they are looked for,

and they seem () ﬁ“"""‘" e wan e mycor 7Bl fungi in the symbiotic

organs. They are I o e e M fungi as high frequencies

W i¥
of MHB populations are isolated from the mycorrhizae. Some MHB isolates also

¢ o 'Y,
promoted egtol rﬂaq o i vrzfmrﬂ al. 1882}, indicating
that the MHﬂﬂs tp mmﬁ i
shaﬂqﬂ c Iaﬁfja ugin Pﬁﬂﬁ p hanced the

germination of AM fungal spores of Glomus mosseae and promoted the establishmen
of AM on clover roots under aseptic conditions. Microbial colonies on the root surfaces
consist of many populations or strains and positive and negative inter-population
signaling on the plant root occur (Pierson et al. 2002), which may play an important role

in the efficiency of the use of biofertilizers.
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2.7.2 Plant growth promoting rhizobacteria

Rhizobacteria include mycorrhization helper bactena (MHB) and plant growtn
promoting rhizobacteria (PGPR), which assist AM to colonize the plant roots (Andrade et
al, 1997), P-solubilizers, free-living and symbiotic nitrogen fixers, antibiotic

producingrhizobacteria, plant pathogens, predaturs and parasites. The most comrrion

: \H“:“‘:- ressing soil-bom pathogens,
synthesizing phytofiBimoges @56 Nantgr (Glick, 1995 and Chin-A-

WA
,\\‘

Many fluore reported as plant growth
enhancing beneficial ol sively in agriculture for their
role in crop improveme either by producing plant
growih promoting ho Aor suppressing planl pathogens
Rhizospheric component o o the root surfaces, use root exudates
for growth, synthesize am abligh aneffective and enduring
root colonization r nlitative and qualitative

of introduced PGPRs. ang.,.r researchers have reported additive effects on plant growth
by AM a ﬁ si PGPR stimulate AM
colonizati mﬂan umm] “E’jﬂ us hypotheses have

ted_which include_pfysical ical%dnd even direct
AL QKR TTE I iloR i iaF2X I NS

AM and PGPR symbioses not only induce physiological changes in the
associated planl, but also modify the morphological architecture of the rools such as
total root length and root tip numbers (Atkinson el al. 1894). PGPR have also been
shown lo induce systemic resistance to fungal, bacterial, and viral pathogens in various

crops such as bean, tomato, radish, and tobacco (Zhang et al. 2002)
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2.7.3 AM-rhizobial interaction

Common host genes are involved in both the rhizobial and mycorrhizal
interactions. This finding has an important implication since in contrast to Rhizobium, AM
fungi have the ability to interact with a wide range of higher plants. Assuming that the

mechanisms by which AM fungi infect their various hosts are similar, it implies that

genes required for the interagtioh | ith both micro-symbionts, are most

probably widespread in

Z

Co-inoculation Us e g, with Rhizobium sp. was also
studied and was the most gk : 1§ f‘fﬂ N content, The role of AM

fungi as P suppliers 10 t4 no dule, appears 1o be of great

relevance. The s 8voured by the increased P

content in plant ti e _of immobile ions. Thus
increases in P conten 7 sp. and Glomus coronatum

cand be also associated crease of N fixation (Requena

et al. 1997).
2.7.4 AM and rhi A0 otoon ami
., |
V-.' |r..
The efficacy -_'i AM, Bractmh was assessed to increase
/

the rate at which miﬂrué)rﬁnisms and plant 3110\;& cuntlnated soil. Chaineau et al.
(1997) obs amination levels not
inhibiting mmgmmﬂj however, adsorption
of h s 1o legves.a w d ize plants didquickly. Radwan
o g ierbiLaiokifiaT S

faba), grown in oil contaminated soil. The accumulation, especially into seeds, was
thought to pose a risk to human or animal nutrition. Hydrocarbons were also found in
poplar and pine rool extracts. Planted soils augmented with bacleria could benefit PAH

degradation. The degree of anthracene degradation in the soil also appeared to differ

between microbial species. The bacterium 5. paucimobilis was effective in reducing
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anthracene in soil compared with P, aeruginosa. The introduced bactena generally
could maintain their viability and activity in the presence of anthracene. Electrofused
bacteria used in their study were capable of degrading anthracene and survived well in
soil (Shinkarev el al. 1999).

In addition, the phytoremediation of soils contaminated by heavy metals had

been studied, an ideal plant species lor remediabiorr purposas should grow easily on

soils contaminated by metals, hau&iigh 50 ftafshoot transfer factors, tolerate high shoot

metal concentrations, and pu@gdUues Bigh DiotSas S ly (Banuelos et al. 1997).

2.8 Characterization
2.8.1 G3 '.-".t'-.l"

Gas chromatograg of separation and detection of

volatile organic compotnd active method to analyze the

K

complex mixture of diesel ol itioning of gaseous solutes between

an inert carmer gas as mabi iquid or solid phase. Figure 2.2 is
the major comparh ﬁ—:mm— . column, detector, and

data acquisition systes

cartler gas column oven

Figure 2.2. Gas chromatograph compartments.
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Helium is one of the most commonly used gases to carry the sample through the
system. Increase the flow rate of carrier gas resulls in shoriens the retention time
Injection port is the next major component to inlroduce the sample into the carrier gas
stream. A split injection port is designed to allow only small fraction of sample volume
into the column because of a limited sample capacity of the capillary column, Many sphl

injection port can also operate in d splitless mode. In the splitless mode most of the

sample is allowed to the coluguiy 3 l‘i f ghigue is suitable for samples with trace
\V/7

cancentration. The third majgr e Lol naefor separation of the components in
the sample mixture. Thesmaresnacro e d -
efficiency to separate 5a ‘WJ hi Aar .:;:_:“ ent of GC is the detector that

column and convert that

length, the greater the column

senses the presentes

information to the s is flame ionization detector

(FID) because it resglindsflo & olthydigaarbiy &dluponent. When hydrocarban

components burn in 3 @ Bollected and converted into a

current signal. As the ¢ reach the detector, the signal

increases and the detectio@fol . pf eadh peak is recorded and translated

into a chromatogram by data a

LA

Gas chropatoge athod in the analysis of

hydrocarbon prog '-r-'”*""**"*-*m*“"?fﬁ"ﬁ" is based either on the
d amalysis of products such as the

¥

comparison with k'n'

W
combination with mass spectrometry.

CFUAANANINHAN T
ARIAID I UBATNLAEEhison

it n:aznnt identify them. So mass spectrometry (MS) coupled with GC can provide

detailed structural information of separated compounds.
In the first part of the MS, the ionizer which is an electron beam causes the
components to gain a positive charge. This process causes further breakdown of the

individual components. Each component has a unique fragmentation pattern. The sub-



41

components then enler a magnetic region where they are focused and sent 1o a
detector. Components with a lighter atomic mass enter the magnet set up and 'M'U_ be
sent to the detector first. At the detector, the component transfers their charges wl;ich
lhen activates a recorder capable of registering atomic mass, based on the
mass/charge ratio, and identify the concentration of the particular component in the

sample. -

AULINENINeINg
ARIAATAUNNINGIAY



CHAPTER Il

MATERIALS AND METHODS c

3.1 Arbuscular mycorrhiza isolation and inoculums preparation

Arbuscular mycorrhizaa(al (Lha/ Hafebiiccled from various soil and plant

roots (Acacia mangium ., Vigna radiate (L.] Wilczek,

Sorghum bicofor (L. ascalonicum L., Brachiaria

ruziziensis R. Germ_§ a grandis L.f., Tamanndus

indica L., Parkia speci Saccharum officinarum L.,

and Carica papaya L.| ¥ sefe gfpoviicesof Thallgnsl, asiShown in Table 3.1. One kg of

each soil was randomizg 30 cm and used for arbuscular

mycorrhiza isolation.

AM sporesa gle using wel sieving and

decanting lechn'rq I. PProximately 200 g of soil

were suspended in o&é liter of water. Heavier particles wi€ allowed 1o settle for a few

seconds am:l e liguj ecanted th 750, 250, 100 and 45 pum sieve fine
enough tn Vﬁ % ng ’]tﬁaﬁ enough to allow the
desired spores tu pass through, Theg'suspension thal passed throughglhese sieves was
-3AAR AT T URNI L oo
fora secunds and the liquid was decanted again through the sieve, ensure that soil
aggregates have broken apart. This washing and decanling process was repeated until

© the water was clear. Vigorous washing with water and hand mixing were necessary Lo

free spores from aggregates of clay or organic materials. The sievings relained on
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different sieves were washed into separate petri dishes for further observations or

purification by sucrose centrifugation.

Table 3.1 Plant species and sampling site for AM collection

Plant specieg Sampling site
Acacia mangium WilGRR Nakonralchasima
Glycine max ( Nakonratchasima
| Nakhonsawan

Vigna radiate (L] 5:5'

, Yasothon
\ Yasothon
\
£ oL W R\
[ 28 I\ Yionicen

! Phetchaburi
Phetchabun

Tamarindus indiGlL. 720

Lopburi

Parkia speciosa Has I\ 2]
Poinciana ik  fpburi
Saccharigfl ‘Badakok
=, " _...lL <
Jo L. . {Hangkok

J

AUEIRYNTNYINT
AIRFUNI IR =

AM spéres (Daniel and Skipper 1979). Spores and minimal amount of organic particles

Carica pa o

could be further purfied by suspending sievings in the 40% sucrose solution and
centrifugation at 2000 rpm (approximale 370 x g) for 1 minute to separate spores from
denser soil components. The supernatant (with spores) was poured through the sieve of

45 um and rinsed with distilled water to remove sucrose,
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The isolated AM spores were soaked in 2 % chloramin T mixing with 0.05 %
Tween 20 for 20 min. Spores were washed 3 times in sterile distilled water then soaked
in 200 ug/ml streptomycin and 100 ug/mi gentamycin for 20 min.

bstrate. They were sterile twice by
autoclaving at 100°C, 15 psi ur. ed for planting were cleaned by
70% ethylalcohol. A disinfected A med to a sterile pot culture

containing seedlings of (Figure 3.1).

Pot culture isolation procedures help to identify AM from soils collected in the
field that didn't contain spores of sufficient quantity to be accurately identified. The
isolated AM spores were propagated by growing with Sorghum bicolor pot cultures.
These pot cultures consisting of soil, spores, root pieces and hyphal fragments were

used as inoculum for the experiments.
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The root of Sorghum bicolor was sampling for root infection following Philips and
Hayman (1970) method. AM struclures could be observed by the use of slain which
bind to hyphae w.-.rilh;:iut much background staining. Trypan blue in lactoglycerol was
used to stain AM struclures in roots that had been cleared by healing in KOH. The
procedure was outlined as follow,

1. Cut rools into 2 - 4 cm long segments before slaining for uniform contact

with solution. \ _
2. 10% wiv KOH was useate lel®is by autoclaving at 121°C for 20

— —

Cleared rog ': racl ananl ﬂri rinsed with water before

minutes.

transferring theg
4. Stained Bloglycerol at 121°C for 15
minutes |
Spore productiog

The AM isolate that exhibitg I

ail U gridline intersection method
\\ \ sporulation was selected as an
inoculum in the experiment. done by cutting the whole plan|

above ground off then the remainstEEatsan L were kept at 4 °C prior to use.
L /A T

3.1.5 Iden 1.1‘9'_ ; l-.'"d
J.i iF
To obtain the inﬁfﬁtiﬂﬂ for basic d'.genliﬁcaliun. the specimen slides were

s G 4 LB B R o

from fresh pot ulture. a minimum uf.ZG spores per each host plant were collected in

=3 s
Qtass&ﬁ?ﬁr - Iw ﬁ?ﬂ &jﬁﬂmshed after
mounteg with PVLG (polyvinyl lactoglycercl) and Melzer's (INVAM, 1997). The

criterion of genus identification was summarized using Taxonomy and identification of
arbuscular mycorrhizal fungi in genera level (Bernhard, 2002)

Afler isolation and identification of AM from each sampling soil, the Glomus
mosseae was me.nmst AM found. Then Glomus mosseae was propagated in Sorghum

bicolor for 3 months to investigate the number of spore from each soil. The Glomus
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mosseae isolate thal exhibited the highest number of spores and %AM infection derived

from Acacia mangium Willd. sampling in Nakonratchasima.

3.2 Rhizobium preparation

Dagpartment of Agriculture, Thailand.

4

Rhizobium fertilizer was obtaingd ‘ '

3.3 Biostimulation by A
The seeds of sterilized by 0.5 N sulfunc

acid for 12 hr then so 5 min, rinsed with stenle

“distilled water 3 times thg k ‘€lyylaicohol and rinsed 3 times
with sterile distilled walér.
Peat mosses ey were slerile twice by
_ o ' ks = )
autoclaving at 100°C, 15 pSi forhgar Pig used for planting was cleaned by
P i:P ] :
70% ethylalcohol. Fe A

The biostimi ;;;,.,,-.._,,.- = -n-‘-’-“---------—-----m--:j. M spores and rhizobium
in green house. The &; ermed wilh AM at 10, 20, 50, or

=03
1

B

100 spores or 10 g obium or the mixture of both mic rganisms (Table 3.2). The

ANV T
ARIAIN TN TN



Table 3.2 Detailed amendment of each biostimulation experiment

Experiment

Treatment®

Jack baan

Rhizabium

fertilizer (g)

AM (spores)

.

-

10

47

I

Dl | N ;| & WM

-t
L=

* P- plant withoul noculation, F+P 40 o 25 AM with plant, A20+P, 20 spores AM

wilh plant, AS0+P. 50 spores AN witlgian, planl, R+AT10+P. 10 g rhizobium and 10
sporas AM with plant, R+A20+P: 10 g rhil

spores AM wilh plant, R+A100+P: 10 g

with planl. R+AS0+P. 10 g rhizobium and 50
bawith plant

| Y]
Complete ra V i replicates of each soil

treatment was setup. ise with daily watering and

stu#.‘.i*,.:r was conducted in greent

Three lan ’nln i % AM infection on

root of plants were evaluated. Plantt’grmvm has hesn evalualed byabeight and stem

dm;q Vel Bhddra ) il Ao Wb b v co°c o

12 hr. R Is were rinsed 5 times with water before drying then %AM infection on rool

was conducted following Philips and Hayman (1970) method.
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3.4 Phytoremediation

Jack bean seeds, rhizobial inoculum, and AM inoculum were prepared similar to
the biostimulation process. The seed of Jack bean (Canavalia sp.) were surface
sterilized as mention earlier.

Peat moss were used as plant substrate. They were sterle twice by autoclaving

at 100°C, 15 psi for 1 hour. Rl d for planting was cleaned by 70%
ethylalcohaol. V

s

Commercial u‘ie - BT '1 al moss at a mncenh'ahﬁn of

1.05 % (wiw). The tre@ i"":'f:? 2d bf contfol. of diesel contaminated soil with

.M nan! l 25 obtained from previous

biostimulation sectiof®or 3 g diidabic t ~ of both AM and rhizobium

only jack bean, ar@

amended in soil or djgfel gbrfin soll vl ‘&l The concluded scheme of
the expenment was shuy | ndo ized design (CRD) of 10 pots
with 3 replicates of each. X b, this experiment. The study was
conducted in greenhouse | Bell's nutrient solution was weekly

added.

5

ﬂ‘LlEl’J‘VIEWI?WEI’]ﬂ‘i
’Qﬁﬁﬁﬂﬂ‘iﬁuuﬁﬂﬂmﬁﬂ
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Table 3.3 Detailed amendment of each phytoremediation experiment

Experment | Treatment® | Rhizobium | AM (spores) | Jack bean | Diesel oil
fertilizer (g)

1 P ; . v :
12 R+P' 10 . v -
13 AS0+P' \ v :
14 _ A100+P" v :
15 R+AS0 P v :
16 R+A100+8; ,//71 r'* v i
17 . 4
18 v v
19 v v
20 v v
21 A100+ v v
22 R+A5{}+P v v
23 R+A100+P v v

* P plant without inoculaligpel el plant witho ¢ inocutaton with od, Re Aiim with plant, ASO+P: 50 spores

AM with plant, A100+P: '?*’-"5 il and 50 spores AM with plant.
RA100+P: 10 g hizobium adl §00 spores
W

ﬁﬁwaw%ﬂawnﬁ

3.5 Analytical p ures

AR TRUURIINHIAY e

pilant rools were evaluated. Plant growth has been evaluated by height and stem
diameter. Biomass was determined by plant dry matter obtained by heating at 40°C for
12 hr. The appearance of plants was also evaluated to determine the effect of diesel oil

on plant growth.
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Soil and plant samples were extracted using hexane to separate the remained
oil. To assess hydrocarbon removal, 2 g of soil sample was extracted twice with 3 ml of
n-hexane in an ultrasonic bath, and the extracts were combined. Plant dry matter was
analysed after heating at 40°C for 12 h. Roots were rinsed at least five times with distilled
water before drying. Shoots and roots were extracted to determine possible
hydrocarbon uptake. They were ernTJT twice (6 and 3 ml of n-hexane) in an

ultrasonic bath. The combin /&d to evaporate to dryness under a
fume hood and was -::c-nce

The extracts gas chromatography-mass

spectrometry (GC-MS).k ith cross-linked 5% phenyl

methyl siloxane capillan m was used as carrier gas.
The temperature progragliwaé staed.al 40 "Ciwith 1 éﬁating rate of 10 °C /min until

300 °C then maintained fo 8

'QqW']

Figure 3.2. Agilent Technologies 6890 gas chromatograph.

One-way analysis of variance (ANOVA) using SPSS® software was used to
compare the effect of each factor in each treatment by LSD. Differences were

considered significant at p < 0.05.



CHAPTER IV

RESULTS AND DISCUSSIONS

RESULTS

4.1 AM fungal

The AM spores weig -t glant rools collecled from various

places. Single spore of each
on Sorghum bicolor, The
and %AM infection deri

Ha action and spore productivity
ighest number of spores
Midyin Nakonratchasima (Table
4.1). This isolate was cha which formed yellow-brown lo
brown sporocarps. as 10-38 pm thick, with
robust hyphae mixed e whole spores were dark
orange-brown or yellow-fé irregular shape which spore
diameter sized around 195 comprised of three layers (L1,
L2 and L3) in which the outer by lo vary degrees in mature or older

spores (especially ihpgetinfi t;_—-_—_——"id ayers are shown below
(Bernhard, 2002). 2

1.[ ¥

AULINENINYINg
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Table 4.1 The numbers of spore production and %AM infection of each plant species

Average number of spore AM infection
Plant species Sampling site

per 100g of soil (n=5) (%)
Acacia mangium Willd. Nakonratchasima 800 428
Glycine max (L.) Merr. |~.iz||mnra=|t|:_1:|L '-,‘- : 400 238
Vigna radiate (L) Wilczek Nakhonsawar 310 195

: . &%‘ﬁ Lﬂ/.lf

Sorghum bicolor (L.) Moench khonsawan 120 15.3
Zea mays L. o -um 350 206
Allium ascalonicum L. (a5 l/‘\\‘k 34.7
Brachiaria ruziziensis R. * 18.4
& C. M. Evrard
Morus alba L. 425
Tectona grandis L.f. 28.9
Tamarindus indica L. 24.1
Parkia speciosa Hassk. 16.7
Poinciana pulcherrima L. 19.1
Saccharum officinarum L. 25.6
Carica papaya L. 39.6

Figure 4.1. Glomus mosseae spores
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L1: Hyaline, mucilaginous membrane, 1.4-2.5 pm thick, the spores stained
pinkish-red in Melzer's reagent, often degrading and then forming a sloughing granular
layer, sloughing in mature spores, appearing granular in advanced stages of
degradation.

L2: Hyaline, 0.8-1.6 pm thick, very refractile when viewed with differential
contrast optics, generally rigid and fre ing into sliver-like fragments observed when

this layer separates from L3,

because small imegularly-shaped a pear as parts of this layer break

away with application o in Melzer's reagent (Morton
and Benny, 1990).

L3: A layer g O yellow, brown' fo range-brown, sublayers or
laminae, 3.2-6.4 pm th] fefc .. s\cove urface with separation of L1
and L2. The subtendi phs d 16 fapnekshaped (Figure 4.2). Another
species often misidentified = & sGae is caledonium. However, spore wall

structure of G. caledonium
and Nicolson, 1963).

Figure 4.2. An Isolated AM spore from Acacia mangium identified into genus

Glomus mosseae, L: spore wall layer



4.2 Biostimulation

Biostimulation of AM, rhizobium, or combination of AM and rhizobium was
determined on Jack bean (Canavalia sp.) as plant growth parameter; height and stem
diameter and biomass; dry weight of shoot and root. The jack bean growth parameters
and biomass after 3 months significaptly ,increased when inoculated with AM and/or
rhizobium comparing to control glants wﬂtﬁ/ﬁlcrmrganlsms (Table 4.2, Figure 4.3).

The highest plant growth pagameter and bnomam‘"é;& showed in plants inoculated with

100 AM spores and 10 g,mzabﬂ!ﬂ Howevcr 50 A speres and 10 g rhizobium could

also increase plant grm%m& le&e! as 100 AM'speres and 10 g rhizobium.

P: plant without inoculation, R+P: 10 g rhizobium with plant, A+P: AM with plant, R+A+P: 10 g rhizobium and AM
with plant

Figure 4.3 Appearances of plant growth amended with AM and/or rhizobium



Typical hypha and vesicles were observed in all AM treatments. The highest AM
infection at 72.8% on plant root was observed in plants treated with 10 g rhuzobium and
100 spores AM. In addition, the results showed synergistic effects of-rhizobium on AM
infection in that all treatments of plants inoculated with varying numbers of AM spores
alone had lower %AM infection than plants inoculated with both 10 g rhizobium and AM
spores. Mo AM infection was observed in plant root withou!l inoculation of AM spores

(Table 4.2).

Table 4.2. Plant growth pasameters andBiomassehdaeltbean after biostimulation

Biomass
AM
Treatment ' , 5,8 infection
i fertilizer (g) ref) "Shoot (g) | Root (g)
iy (%)
P 1.94e 0.35f -
R+P 10 : 2.38d 0.66d -
AVGHD : == 225d | 058e | 17.8f
A20+P - 0 T a1 B Booc | oric | 2876
ASO+P Y jfé" B6b | 0.7d4c | S542c
R+A10+P 10 _ ! .28cd Q4 2.74c 0.73c 41.3d
R+A20+P 3.43b 0.87b 55.6b
R+A50+P 3 0.95a 68.4a

P plant without I'rom-ulmn R+P: 109 fhimhlurlaw‘nlh plant, A+P: AM wilh plant, R+A+P: matylzahlum and Akl with plant

TRRTANT TR TIMTTRY




4.3 Effect of microorganisms on enhancing plant growth on conltaminated soil

Plant growth, biomass and %AM infection on roots were evaluated in comparing
to plants grown in normal soil and diesel contaminated soil with and without rhizobium
and AM lreatment. All trealments of plants grown in diesel contaminated soil showed
less stem height and diameter, biomass, and %AM infection than plants grow in normal

soil (Table 4.3). Adding rhizobium

ontaminated soil significantly increased
growth and biomass of planl8 150 solely grew in cunt;minated soil.
However, the results shollEdeat grogth, BIHIERGe@nd %AM infection of plants in
conlaminated soil de : led soil even in combination of

AM and rhizobium tre

AULINENINYINS
ARIAATAUUNINGIAY
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Table 4.3 Comparison of plant growth parameters, iomass, and %AM infection of Jack

bean grown on normal soil and diesel contaminated soil.

Plant growth Biomass
Rhizobium AM
AM Stem Stem
Treatment fertilizer Diesel Shoot Root | infection
{spores) height | diameter
(g) (g) (g) (%)
(mm)
P - #.72g 1.94e 0.35f -
R+P" 10 - 34 : 2.38e | 0.66¢ :
AS0+P' - c 3.36c 0.74b 54.2e
A100+P - [ 351b 0.76b 65.7c
R+AS50+P" 10 b 3.76a 0.95a 68.4b
R+AT00+P" | 10 : 3.82a | 0.96a | 72.8a
P - L 3 6f 1.02g 0.13g -
R+P 10 " (] f 1.73f 0.45e -
ASD+P - “if 1 45d 287d | 0.56d | 40.3g
A100+P - 100 A 2.47d 2.8d 0.57d 48.50
R+AS0+P 1 0 3.41bc | 0.78b 59.6d
R+A100+P 10 3.43bc | 0.79b | B5.1c
F; plant without inoculation, nt without inoc ol H+P: 10 g rhi m with plant, AS0+P: 50 spores AM
with plant, R+AS0+P; 10 g m: d 50 spores AM wi nt. A100+P; 100 sporas AM wath plant, R+A100+P; 10

g rhizobsum and

fri

*For each parame

EKSIMILiHHMLMm

ammﬂimum'mmaa
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The appearance of plants was also evaluated to determine the effect of diesel oil
on plant growth. The plant leaves in contaminated soil exhibited diminutive
characteristic compared with plant leaves in non-contaminated soil. The rhizobium and
AM inoculation could lessen this effect (Figure 4.4). Phytotoxicity of diesel oil has been
reported as a result of reduction in plant growth and appearance (Vouillamoz and Milke,
2001).

P*- plant without inogulition. P: plant withgul nonulabomwith-oi; R +Pry10 grhizobiumrwith plant, A+P: AM with plant,
R+A+P: 10 g rhizobivm and AMowith pant |

Figure 44. Apfedrances of plant growth 'on hopmal solk and cOutaminated soil.
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4.4 Phytoremediation
4.4.1 Analysis of pure digsel oil

The diesel oil was hydrecarbons analyzed using gas chromatography-mass

spectrometry (GC-MS). They were performed a qualitative sludy to idenlify each

Area percent of ®100  (4.1)
plice diesel oil showed 161
hydrocarbon products t, the 19 major hydrocarbon
products that exhibited jhe # 4 e BAOE JNeR than 1% were quanlitatively
’ ]
analyzed to identify the effic@ncysts Wprocess of each treatment (Figure

4.5).

Figure 4.5 Gas chromatograms of pure diesel oil.
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Identification of 19 major hydrocarbon producis was done by matching the mass
spectrum from each separated peak with mass spectrum from library. The hydrocarbon
components of diesel oil ranged from short chain hydrocarbon such as nonane, decane,
and undecane; branch chain hydrocarbon ranged from dodecane to hexadecanocic
acid; more branch chain hydrocarbon consisting of docosane, heneicosane, and 9-

octadecenoic acid. (Table 4.4).

AULINENINYINT
ARIAATAUNNINGIAY



Table 4.4 Major constituents of pure diesel oil.
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MNumber | Retention Chemical name Chemical structure %Pea
time k area
= 1 4.342 Nonane T 0.31
&
E 2 5.243 | Decane N 1.41
w 3 6.090 1.40
4 205
5 1.96
6 2.50
7 1.13
8 2.64
9 1.02
E
c 10 1.44
g
g
om
1 2.29
12 1.20
13 2.18
14 1.43
w (I I [l “. = 1.35
Y6 | 11351 |Hexadecanoic acid Asssanaunk, | 466
ﬁ 17 11.712 | Docosane 1.80
E E 18 12.193 | Heneicosane e o o o 1.47
é 19 12.220 | 9-octadecenoic acid NWW\N\/E‘&; 1.48
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4.4.2 Analysis of diesel oil extracted from sail

Soil samples of each treatment were extracted using hexane to separate the
remained oil. The extracts were hydrocarbons analyzed using gas chromatography-
mass spectrometry (GC-MS3) comparing between day 0 which was the diesel oil

extracted before phytoremedialion, and day 90 that represented the diesel oil remained

in soil 3 months after inoculation, & : ,I' /- showed 19 major hydrocarbons found in
diesel oil inwhich significaill Becrease amele @f hydrocarbons were observed in

contaminated soil realedamimGan: vaf 5p. amensesswith rhizobium and/or AM after 3

months (Table 4.5). The ‘//A‘, \\ 1"15_& rew on contaminated soil had
less effect on remedia b -: , an enhanced diesel removal in

phytoremediation. © st igh gt ptan ith | W, and AM could decrease
hydrocarbons in soj ' or plant with AM alone.
Canavalia sp. stimulatg s AM was the most efficient
combination to remove gifselfcontaminale W50 and 100 spores AM in soil
didn't results in different de

From cuntaminaled | BRSIySIS woear short chain hydrocarbons, ie

nonane to undecaig

volatization accordy’a

a " nt after 3 months due to
J). More branched or long

chain hydrocarbons, ‘[ ., docCose : e, and _ ctadecenoic acid, were still

present in high amounisgal.gven after 3 montgs, indicating that diesel contaminated was

s o %ﬂ%ﬁ‘lﬁl YA W BHSR Fpves ot o amove

by plants.

ammnmum'swmaa



Table 4.5 Major constituents of diesel oil extracted from soil.
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No. | Retention Chemical name Peak area (%)*
fime a0
Day 0 =e

NP P R+P AP | ReA+P | AP | Reacep

.E 1 4.342 0.000 0006 oooe | Go00m | Cooo

E 2 5.243 0.000 poob | 000 nm'! 00

7] 3 6.090 0.000 0.00b 0.000 a0 ' 0006

- 4 B6.873 il T3¢ 0.89d 0.2 o.us-u— o2

5 7.606 0.31c 025 Q83 022

6 8297 1.23d 0.39¢ 1184 6.9

T B.6%G 057 0.198 0.55¢ 018

|
8 B.944 27c | 2008 | 220 | 1950
-

9 a.015 0880 0.81c 0 B6e 0 80c
=
5

E 10 9.252 1280c | t.aBed | 123 1130
i

“ 11 9.554 200cd | tBGde | 183d | 180e

12 9.835 106bcd | 100cd | 104ca | G97d

13 10.137 1.94c 18108 1.50cd | 1, 7de

2,6.10% -tetramethyl-
14 10.741 143a | 138ab | 13fab | 13be 128cd | 120de | 127co 1
F - L™ .ﬂ.f an QA 1

15 11.21 E H ke (WA Tijcdg] 167ca | 1sset | 16de 1510

16 11.351 2652 | 256ab kﬂn 2424 zi:? 2248 236d 7 192

v 1 Y o #7an 4 & 1620 1.76¢ 1,600

= bk
g 18 14480 1.36c 1274 1.36c 1260
18 12220 | 9-ocladecenoic acid 1482 | 14820 | t43ebc | 1.35ca | 1.3%bc | 1.29d 138z 1.29¢

*day - peak area of contaminated soil extracted at day 0. day 90: peak area of conlaminated soil extracted at day 90,
NP no plant . P: plant without inoculation, R+P; 10 g izobium with plant, A+P: 50 spores AM with plant. R+A+P: 10 g

mizobium and 50 spores AM with plant, A +P: 100 spores AM with plani. R+A*+P; 10 g rhizobium and 100 spores AM
with plant
**For each peak area, means followed by the same latier are nol significantly different al o < 0.05 wsing LSD
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4.4.3 Analysis of diesel oil extracted from shoot and root

in order to determine the ability of Canavalia sp. to remediate diesel
contaminated soil, hydrocarbon concenlrations in shoot and root lissues were also
analyzed. Shoot and rool tissue samples of each treatment were extracted using hexane
lo separale the diesel oil from plant cells. The extracts were hydrocarbons analyzed

using gas chromatography-

255 'Spe “- 7 (GC-MS) at the same procedure as
\
e resUisulMigentage of peak area of 19 major

diesel ol extraction in SO TH

components exist in shoot wes Were showmsn® Table 4.6. The hydrocarbon
” 2 - ""ﬁ-‘---‘ y

contaminants in rools X it {E’-"I' compare with components in

shoot which were lower / ;
From shool @Ralyale, Wess Rt chain by ns. i.e., nonane lo undecane,

were not detectable i same as the resull from soil

analysis. Branch chaig . - ddecane. ane, letradecane and 2,10-
dimethyl-undecane, wergdfelgt 1&g ‘; o] oul \ {0 shoot than in phytoremediated
soil treated with microorgani§ms. et . Dillly®of plants to extract these types of
hydrocarbons from soil. In con ecular weight and more branch chain

hydrocarbons we 3__‘- i 9% _3 in to plants which may

=

resulted from the sl il particles (Table 4.5 and

4.6). |

¥
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Table 4.6 Major constituents of diesel oil extracted from shoot,

65

Mo. | Retention Chemical name Peak area (%)"
time Day 90
P R+P A+P | REASP | AR | Reaten
:E 1 4,342 Monana 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
g 2 5243 Decana 000a_| 0o0a | ODDa | oooa | oODa | 0002
g 3 6.090 Undaca 0.00a 0.00a 0002 | 000 | 000 | 0.00a
4 6.873 1160 | 0.98c 165 | 102 1.683
"5 7.606 | W oot | 0B7c | 154a | 089 | 158
3] 8.297 1.04c 1.8%9a 1.09¢ 1.8%a
7 8. 047c | 0848 | O4fc | 0B86a
8 B cd | 0.28cd | 0500 | 0.31c | 0.56a
g 9.01 ke (1= 0.40bc | 0.17a | 0120 | 0.183
£ . #
g e
§ 10 89252 f 1 28 0.13b 021a | 03950 | 024a
na 3
- . .
1 9554 il 098 | 0199 | 03w | 028 | 037
25, fels 2
12 9, 7d o 0.10cd | 0060 | 012 | 0.1%
13 10. 0140 | D280 | 019 | 032
2610
14 10.74 00rd | O O.10cd | D% | O11c | 0228
hexadecans
F-
0.230 0.15¢ 0.27a
0300 | 012 | 0.3a
= ; 0090 | 02ea
E : &1
§ 3 IHenetgoss ofiss | oor | o16a
:§ 119 12.220 | 9-octadecenocic acid 002d | 0.07b | DOD4c | D142 | 005c | Qui5a

“day 90 peak area of contaminalea soil extracled al day 90, P plant without inoculation, R+P: 10 g rhizobium wilh
plant, A+P; 50 spores AM with plant, R+A+F: 10 g rhizobium and 50 spores AM with plant, A%+F: 100 spores AM wilh
plant, R+A+P: 10 g rhizobium and 100 spores AM with plant

“*For aach peak area, means foliowed by the same letier are not significantly different at p = 0.05 using LSD
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DISCUSSIONS

AM and rhizobium can stimulate Jack bean growth due to the synergistic
inleraction between AM and rhizobium species and other rhizobacteria. It has been
reported in that AM fungi improved nodulation due to enhanced P-uptake and supplied
lrace elements by the plants {ﬂli::recht el. al. 1999; Khan, 2006). Plants inoculated with

rhizobium also showed a greatag K L)Ll ’ efit ghan conltrol plants. Thus increases in P

/;

content of plants inoculate cwath, hizobd, # " and Glomus coronatum can be also
associated with higher N'EBRtenis duggio Ir@ fixation (Requena et al. 1997),
Co-inoculation of rhizatit winychriiiz@swas Tepered to produce growth and

nutrient uptake, tog ycorrhizal root colonization

(Barea et al. 1997). bium and 100 spores AM in

this experment also ich may resulted from high

number of plant roots ag
Diesel contaming . and biomass of Jack bean,

the plant community both on

This pollutants generally I"| L. . Eils 2tk o

direct and indirect effects. Tiie= b hydrocarbons are their toxicity and

L

interfere physical Gl T that iea g capacity to store moisture and

air. The indirect e .' nd microbial components

Ly,
of soil that bring ‘l Li: phyt@iloxic compounds (Wang and

¥

W
Bartha, 1994), Mare&v&r the high -::-::n-::entrauons of contaminants tend to inhibit plant

growth, due le-::l soils also tend to
lack of mmrmvemly mm pnen'ual reasons for lack of efficient

pd| s lo compete
mmﬂm‘alﬂnﬁmmm ﬁ Hent depths to

reach sub-surface contaminants, insufficient nutrients in contaminated soils o support
microbial growth, low bioavailability of contaminants, preferential utilization of other
carbon compounds than the contaminant interest, and the presence of toxicants at the

site that inhibit microbial growth (Kuiper et al. 2004).
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Adding of rhizobium and AM in phytoremediation of diesel oil with Jack bean
showed lhe ability to reduce the phytotoxicity of diesel in soil. The reduction of
phytotoxicity and stimulating the degradation of other non- phytotoxic contaminants
were involved by activiies of many microbes (Siciliano and Germida, 1998). In fact,
Walton et al, (1994) have hypothesized that the defenses of plants to contaminants may

be supplemented through the external degradation of contaminants by microorganisms

while the plants benefit icroargamsms to break down toxic chemicals
Adequate soil MUIncate ar® raobied e gport the growth of plants and their
associaled microorganisge® L= Ay be ef yMie during phytoremediation efforts,

when the plant/micrdbe rom the contaminant. Xu and

Johnson [19_9?_! havg can significantly reduce the

availability of planl ny pility results from the fact that

petraleum hydrocarbons Bt are poor suppliers of nitrogen

and phosphorus. As soil g },,_r adalthe hydrocarbons, they use up or

immobilize available nulnents e 4. and phosphorus) crealing nutnent
T s

deficiencies in comgmi a9 nund that, following initial

-

applications of an | ]y % d very low nitrate levels due
to immobilization of nilfogen Dy FapIGINE oD lati of oil degrading bacteria as
well as suppression uﬁ-ﬂugenvﬂxing baz&g’ra, Two years following oil application.

s P G WESATG oo covn

presumably dk to the gradual rem Femllzatmn of the previously lmmublllzed nitragen.
ARSI N AN R

to imrgobilization by an expanding microbial biomass, bul became more available one
year laler. Petroleum hydrocarbons also may limit the accessibility of nutrients to plants
and microorganisms by reducing the availability of water in which the nutrients are
dissolved (Schwendinger, 1968). Nutrient deficiencies in soil caused by petroleum

hydrocarbons may be offset by the application of fertilizer or green manure to the soil.
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In addition, the presense of rhizobium or AM in soil could increase soil nutrients
and influence bioavailability of Canavalia sp.. Inoculation of rhizobium and AM into
contaminaled soil could alleviate the effecl of diesel on plant -gqmwth. The benefit of AM
spores and rhuzobium amendment is that organic malerials, nutrients, and oxygen are
added to soil via plant and microbial metabolic processes. This improves lhe overall

‘guality and texture of soil at remedialed sites (Gerhardt et al. 2009).

There was evidence that sBiig i provide the movement of hydrophobic
organics such as PAHs fragl's 0 thé Musf ghere (Liste and Alexander, 2000).
Mobilization of PAHs :
which putatively increase F

Models using isi=nl have been developed and
tested to varying de@fee IC8Is by plants (Paterson et al.
1994; Trapp et al. 198 ¢ T: fidient (K,.. often expressed as

a halnicalss 5t [al&r Waysus lipids or fals. In general,

log K,,) is @ measure 4

chemicals thal are highly e \-\ ompounds with a log K < 0.5)

are not sufficiently sarbec r_--_-'.'-,--- oo drandported through plant membranes

(Schnoor et al. 1995). HydrophgBs

_,.".'.":9 g K, = 3.0) are not easily transported

within the plant D8 C8S

"\ nt pass beyond the root's

surface due to the BTy ﬂ,&' e (Siciliano and Germida,

1998). Two exceplififis are : pelychionfiited dibenzo-pdioxins and

dibenzofurans (log K, ;%by the roots of zwhini and pumpkin (Hulster el al. 1994).

BB R Go00 e

taken up by p 15, these chemicals Jnciude most BTEX chlunnﬁt&d solvents, and short
chatﬁ mmm ”ﬁ%@]ﬂﬁé‘frﬁ Ejﬂ} In addition
to the @ctanol-water partition coefficient, the size and molecular weight of an organic
contaminant may play a role in the ability of a plant to take up the contaminant.
Anderson et al., 1993 reported that plant root uptake usually favors small, low molecular
weight polar compounds, whereas large, high molecular weight compounds tend to be
excluded from the root. Environmental conditions and plant characteristics also may

affect uptake by roots (Anderson et al. 1993).
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Phytoremedialion of diesel contaminated soil was successiully done by Jack
bean and combination of AM and rhizobium. The major hydrocarbons found in diesel ol
were decrease in contaminated soil and weré'a-::cumulated in shoot of Jack bean,

Varnous studies have documenied the accumulalion of petroleum hydrocarbons
in plants as well as the adsorplion of these compounds onlo the plants tissue.

Researchers have identified that the lipid content of the plant may influence the degree

of accumulation of petroleum hyelre Attempts have been made to model the

WaresTigns in plants based on the chemical

Irood m@ﬂy the compound’s affinity for
!

benzene in soils planted with

uptake and accumulation OBl
characleristics of lhe was

lipids using radioactiVe

alfalfa and ["C]anth' ace were recovered in plant tissues
and shoots (Ferro Ws82). Edwards (1988) also
investigated  the [“Clanthracene  and
["C]banz[a]anthra{:en in a nutrient solution. Resulis

indicated "'C dose was indicates that anthracene (the

AN
\

smaller, more water-solub u together with its metabolites, is more

readily translocated from the rodls led within the plant lissues.
Hydrocarbons Uy rbons uplake into roots,

preferential storage™® | tric:led translocation into

shoots. Hyperaccuniuator, B more(flydrocarbons, store a lower
i i¥
proportion of them in rogt g(:uules. and exigt higher amounts to shoots. The pathways

of redial maﬁﬂaﬂl’h}%ﬁﬂrﬁ Mﬁ:ﬁ]ﬂﬁ are a further issue in

hyperaccumufidtion research that aEupFashc transport of hydrucarbuns to the xylem is

qlﬁﬂﬁsﬂ hydmﬂns in 0 MEM tr@iﬂwﬂh rhizobium

and AM indicated that phytoaccumulation was occurred and played a role in diesel
contaminated removed in soil. With in three months of this phytoremediation could
eliminate some level of diesel in soil. Thus for successfully remediate diesel
contaminated soil by Jack bean co-inoculated with 10 g rhizobium and 100 spores AM,

Plants should be left in the field in longer period of times. The little amount of



7a

hydrocarbons were detected in Jack bean roots indicating that harvest of Jack bean for

phytoremediation will be very effective.
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CHAPTER V

CONCLUSIONS

In order to obtain the effecive solution in removal of oil contamination, the
effects of rhizobium and mycorrhiza enhanced Canavalia sp. in phytoremediation of

were invesligated through plant growth

diesel oil contaminated in soil. This, exp l I
parameter and % of - ll "-l # fcies. The following is a summary
derived from this work. T —

1. Each rhizois " : an enb o availibility of Canavalia sp.

resulting & pared with Canavalia sp.

alone. Thy ment with both rhizobium

and AM. TF bg®i Browtt_patameler hlain by using 10 g rhizobium
with 100 sgffesl off AN A bdsignifigan hanced stem height, stem
diameter, shoglftPseighl fab R \- d %AM infeclion on root.

2. Diesel gil mad ly ns' .?'*5":-.. : grbon that divided into two groups, short
chain or low moletds=

i arbon which can be detoxified by
A

volatization, ag ad chain or high molecular weight

e Sy s saie Ly 7 anted with Canavalia sp.

1 v:_ é-_
Innculatiu , Offhmza enhanced bioavailibility of

Canavalia 1 p. and also significantly decreas ydrocarbons in soil which
¢ o Y _
R DT IIL e e
mbination ) izobiu rbuscular mycorrhiza symbiosis
: . S .
WS TwTI Y ek IF )
%. yd con 1 r u linear short

chain hydrocarbons which were found in plant shoot but not exist in root.
This phenomenon proved that the phytoaccumulation was exhibited and
played important role in diesel contaminated removal in soil. This outcome
was harshly reduced in long chain hydrocarbons that might be due to the

strong binding effect of contamination with soil parlicles.



2

5. Comparing between phytoremediation treatment of 10 g rhizobium with 50
and 100 spores AM resulled that 100 spores AM slightly indicaled more
digsel removal efficiency over 50 spores. Then Canavalfia sp. stimulation
using 100 spores AM with 10 g rhizobium expressed the most optimum

solutions to remediate diesel oil contamination in soil for this experiment.

AULINENINYINS
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APPENDIX A

Taxonomy and identification of arbuscular mycorrhizal fungi in genera level (Bernhard, 2002)

Taxonomy Identification
Suborder Glomineae forms intraradicle vesicles
Family Glomaceae Generally has simple wall structure, inner walls

eact in Melzer's reagent (iodine)

Genus Glog s ptg® e singly or in sporocarps;
¥ pha present, straight, flared or

carpic, spores organized

gentral plexus of hyphae

mall structure (4-6 walls), inner

Family AcaylSpafacéed 1 Hfors ‘\x
' ! \ ae 0 ith Melzer's; outer wall may be
I

. pore borne in or on neck of

~bome on saccule neck; one scar in

R&t dcule neck: two scares in

Spores |||

i¥
Suborder 1‘.':‘mgas[:lu:lnr:.lal!.'e!n radmle vesicles; huge spores (250 um);
FMImGlgaspumcﬂaB The spura contents are pamuunad from that of

Qﬁﬂmﬂ‘imuﬂ“’l"‘}ﬁﬁ% Yo

more rarely, by a septum

Genus Gigaspora Inner walls present, may react with Melzer's;

germination shield absence

Genus Sculellospora | Inner walls present, may react with Melzer's;

germination shield present
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APPENDIX B

Modified Bell's nutrient solution (Gazey et al. 1992)

Compound Amount (g/l) Solution
KH,PO, 108
K,S0O, | I A
B
e
These nutngns d wregrsiock solutions (A, B, and C)
which are further " i) ml of each stock/! of final

volume. This solutiofi js appiiee q

¥

AULINENINYINS
ARIANTAUNNINGIAY



92

APPENDIX C

Wet sieving and decanting technique (Gerdemann and Nicolson, 1963)

1. Approximately 200g of soil were suspended in one liter of waler. Heavier particles
were allowed to seltle for a few seconds and the liquid was decanted through a
sieve fine enough to remove \the ] anber particles of organic matter, bul coarse

iIL! |

2. The suspension thal 2SEE - i =EIe e was saved and stirred to resuspend

enough to allow the desife rgugh such as two mm sieve.
all particles. TheWEaVeLp=ailes Werd dlleywed 1 eeltle for a few seconds and the
liquid decanled™@0ag
apart.
3. This washing arge
4. Vigorous washing gler and-hand miAndy ﬁem&ary to free spores from
aggregates of clay gifc
5. The sievings retaine d el \ ashed into separate petri dishes for

further observations or pulfheaies-by = hse centrifugation,
LA S
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ARIAATAUUNING 1A Y



93

APPENDIX D

Sucrose centrifugation (Daniel and Skipper, 1979)

4, Spores were

Spores and minimal amount of organic particles could be purified by suspending
sievings in the 40% sucrose solution and centrifugation at 2000 rpm (approximate

dafeg from denser soil components.

370 x g) for 1 minute to sepagalg

The supernatant (wi 3 PO i lfough the sieve of 400 mesh and rinsed

with distilled water 10 TEmove-Sucrase. el

e

The isolated AM 4pOfEE Liersoaled 2 dinin T mixing with 0.05 % Tween
20 for 20 min.
then scaked in 200 ug/ml

streptomycin andgg
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APPENDIX E

Rools clearing and staining method (Philips and Hayman, 1970)

1. Cul roots into 2 - 4cm long segmenls before staining for uniform conlact with

solution,

2. 10% wiv KOH was used to clgs wautoclaving at 121°C for 20 minutes.

3. Cleared roots were an f& M afsieve and rinsed with ‘water before
transferring them it YRERstaiing golutigme———

= A R @ . -

4, Slained with 0.0 rol at 121°C for 15 minutes in

auloclave.

ﬂ'LlEl’J‘VIEWIiWEI’]ﬂ‘i
ammﬂimumwmaa
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APPENDIX F
Gridline intersection method (Giovannetti et.al. 1994)

1. Randomly disperse cleared and stained rools in a dish with grid lines.
2. Assess mycorrhizal colonisation under a dissecting microscope.
g / nt interseclts with roots and mycorrhizas

4. The ration of mycorriiZarmteds: ayer o B Ccts is the %AM infection.

5. The subsamples kst wie | misseit®eaiio determine under compound
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APPENDIX G

Spore staining and permanent slide mountant (Koske and Gemma, 2000)

1. After isolate the spores from fresh pot culture, a minimum of 20 spores pear each host

plant were collected in glass walch,

2. These spores were analyzed ' // s of intact and crushed after mounted with

PVLG (polyviny! lactogh ULG (INVAM, 1997).
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APPENDIX H
'Spnm mounting media
1. Polyvinyl alcohol-lacto-glycerol (PVLG) mountant (Koske and Gemma, 2000)

Palyvinyl alcohol 8.33 g.

Distilled water 50 ml, ~
Lactic acid 50 ml,

Glycerine 5 ml.
2. Melzer's reagent (jd
lodine 1.5 g.

Potassium iodide 5'q.
Distiled water 100 rmff

Mixed 1:1 (viv) of PVLG:MElzérs reagen
(viv) 0 s ager

AULINENINYINS
ARIANTAUUNINGIAY

o7



APPENDIX |

98

Taxonomy of arbuscular mycorrhizal fungi in genera level (Bernhard, 2002)

Taxonomy Identification
Suborder Glomineae forms intraradicle vesicles
Family Glomaceae lly has simple wall structure, inner walls
R in Melzer's reagent (iodine)
Genus singly or in sporocarps;
/ a present, straight, flared or
G i arpic, spores organized
entral plexus of hyphae
Family Acaul - i é!l structure (4-6 walls), inner
% t with Melzer's; outer wall may be
J
d spore borne in or on neck of
il
us n &accule neck; one scar in
Gen inlsaccule neck; two scares in

mah.lra spores

KL (41411 Bt

bulbous sus:pensnr cell

q W‘"I%Wﬁ‘? o immw

more rarely, by a septum

ed from that of
by a plug or,

Genus Gigaspora Inner walls present, may react with Melzer's;
germination shield absence
Genus Sculelfospora | Inner walls present, may react with Malzér‘s:

germination shield present




APPENDIX J

Randomized complete block design in biostimulation experiment

=
(=]

99

Experiment Treatment* Jack bean Rhizobium AM (spores)
fertilizer (g)
1 P - -
2 10 -
3 - 10
4 = 20
5 - 50
6 - 100
T 10 10
8 10 20
9 10, 50
100

10 treatments with 3 reglicates is randomizgd,as followed,

P12

Nan3
s |

1

Block ¥ | 10 1 9 | s
-

s | 3

QBlock3 | 8 | 3 | 4 |5 |9 | 7. 10 | 6
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APPENDIX K

Randomized complete block design in phytoremediation experiment

Experiment | Treatment® | Rhizobium | AM (spores) | Jack bean | Diesel oil
fertilizer (g)
11 P S v
e | e R 4
13 ] AP —— = v
14 v
15 ) v
16 v v
17 v v
18 v v
19 ¥ W
. ; . . i Y : ,
wi:“: :l:: :T::r:u:::::;:ﬂ ¥ 1 % . R¥ER10g rhizobium wilh plant; A+P. 100 spores AR
Lo A
9 trealments with & i,;;;;;;;:;;;;:a;;i:;;:_;'.;;;;;;_;;;_;:;n,,-,.,-.-
Vi
1 2 4 7
5 B 6
1 4 7
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