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Abstract:

Chromatographic analyses indicated that sugar beet root exudates contained 3 organic acids, 9 sugars
and 14 amino acids. Quantitative analysis of these compounds showed that glucose, fructose, gluconic
acid, maltose and xylose were in relatively large quantities.

Chemotaxis tests for zoospores of A. cochlioides with crude preparations of root exudates, individual
fractions, the fractions in all possible combinations, and the individual compounds from neutral
fraction and anion fractions showed that the crude preparations had the maximum attracting and growth
influencing abilities, Gluconic acid had the maximum zoospore attracting ability among the individual
compounds tested.



STUDIES ON CHEMOTAXIS OF APHANOMYCES‘COCHLIOIDEé DRECH.,
" ZOOSPORES TO SUGAR BEET SEEDLINGS

by

Palthad vittal Rai

Y

A thesis submitted to the Graduate Faculty in partial
) fulfillment of the requirements for the degree

of
MASTER OF SCIENCE
in

Botany (Plant Pathology)

Approved:

VL Z oA 2@@

Head, Major Department

R

Chalr » Examining Committee

WM

Graduate Dean

MONTANA S?AIE UNIVERSITY
Bozeman, Montana

June, 1966




iid
ACKNOWLEDGEMENTS

‘I take this opportunity to express my sincere gratitude to Drx.
Gary A. Strobel for his advice and guidance throughout the course of .
this study. I acknowledge my indebtedness to Dr. M. M. Afanasiev; a
word of his encouragement meant a continuation of my graduate studies.

Many thanks are extended to Dr. Gary A. Strobel, Dr. M. M.
Afanasiev, Dr. E. L. Sharp, Dr. H. S. MacWithey and Dx. J. R. Welsh
for their help in preparation of this manuscript.




.TABLE OF CONTENTS

- CHAPTER ' . PAGE
' VITA . ‘ i1
ACKRNOWLEDGEMENTS | 1id
TABLE OF CONTENTS _ v - v
LIST OF TABLES. : vi
LIST OF FIGURES : , vii
" ABSTRACT : " viii
I  INTRODUCTION ‘ | 1
II  MATERIALS AND METHODS S 3
' Culturing

Zoospore suspension
" Sterile sugar beet root exudate

Qualitative and quantitative analysis of
root exudate

Attraction tests and germination inducibility
tests of: /
Crude preparation
Anion fraction
Neutral fraction
Cation fraction
Combination of the above fractionms
Individual confpounds from the fractions

ITI  EXPERIMENTAL RESULTS : , 8

Compounds identified in:
Anion fractiom !
Neutral fraction
Cation fraction

Effect of the compounds on attractiom and
germination .of zoospores

;




CHAPTER o | PAGE -
IV  DISCUSSION ' o '

V  SUMMARY - ‘ S 27

VI  LITERATURE CLTED . : 28




TABLE

IT

III

vi

LIST OF TABLES

Qualitative and Quantitative analysés of sugar
beet root exudate

Role of sugar beet root exudate and its fractions

. in the phenomenon of attracting and influencing

germination of A. cochllioides zoospores

Zoospore attraction towards individual compounds

* PAGE

11

12

13




. v
Figure

L.

vid

LIST OF FIGURES

Semidiagramatic drawings of zoospore.attraction,

. germination and development towards a crude

2.
3.

b

preparation and fractions of a crude preparation
of sugarbeet root exudate

Chromatogram of the organic acid fraction
Chromatogram of the neutral fraction
Thin layer chromatography. of amino acid fraction

Attraction ratio of zoospores to different compounds

Page

15

17
19
21

23




viii

4 ABSTRACT

Chromatographic analyses indicated that sugar beet root exudates
contained 3 organic acids, 9 sugars and 14 amino acids. Quantitative

analysis of these compounds showed that glucose, fructose, gluconic, acid,

maltose and xylose were in relatively large quantities.

Chemotaxis tests for zoospores of A. cochlioides with crude pre=~
parations of root exudates, individual fractions, the fractiomns in all
possible combinations, and the individual compounds from neutral fraction
and anion fractions showed that the crude preparations had the maximum
attracting and growth influencing abilities. Gluconic acid had the max-
imum zoospore attracting ability among the individual compounds tested, °




CHAPTER T
INTRODUCTION
Afanasiev (1948) reported the occurrence of black root, or damping

off of sugar beet (Beta vulgaris L.) caused by A. cochlioides, in

Montana. Since then this pathogeﬁ has'been_observed'to cause notilceable
damage to the beet crop in Montana, especially in heavily irrigated soils,
The symptomatology of this seedling disease is."black root''y, discolora-
tion of hypocotyls varying from dark brown to biack and diécoiération of
petioles of lower leaves. The leaves remain green and turgid, but dis-
eased plants are stunted in'growth L.

Zoospores of A. cochlioides are the primary means by which this
fungds asexually propagates, MacWithey observed massing of zoosporeé of
A. cochlioides concentrated on the hypocotyl of sugar beet seedlings. He

also observed that germination of zoospores was better when fhey clumped

on the host (unpublished). Using Aphanomyces euteiches Cunningham and
Hagedorn (3) reported that zoosporeg massed on pea roots, especially in

the region of elongétion, Dukes and Apple (4) discovered abundant mass-

ing of zoospores of Phytophthora parasitica var, nicotianae at the cut

ends of roots and om the wounded parts., Zentmyer (16) showed that zoo-

A €

spores of Phytophthora cinnamomi were attracted to the excised roots of

susceptible avocado plénts° He also observed that the response of zoo-
spores was more pronounced in the'region of elongation than at the tip or
in more mature portion of roots. Furthermore, he reported that germ tubes’
of these germin;tiné zoospores were unifofﬁiy directed towards the root

from a distance of up to 2-3 mm. He also demonstrated that thelioospores
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of Phytophthora citrophthora were attracted to roots of its citrus host

but not to those of avocado, indicating specific attraction of zoospores.
Many other studies with différent organisms have also shown that attrac-
tion of zoospores is general to root exudates (3, 4, 8, 15). Zoospores
of é.'cochlioides have been observed accumulating on sugar beet, pea

(Pisum sativum) and tomato (Lycopersicum esculentum) (unpublished).

Moreover, no accumuiatioﬁ was observed on cucumber (Cucumis Sp.) roots.
Chemota#is of zoospores h;s:béen worked out in various saprophytic
fungi by many workers; and compqﬁnds such as potassium salts, inorganic
phosphates and many protein degradation products, &.g., alanine, leucine,
aspartic acid, glgtamic acid, & -aminobutyric acid, etc., caﬁsed attrac-
tion (9, 10). Dukes and Apple (4) reported that 1% sucrose solution acts

as a strong attractant of zoospores of Phytophthora parasitica var.

nicotianae. They also observed that glucose, fructoée, rhamnose, maltose
and combinations'éf several sugars and amino.acids attracted zoospores,
but not lactose, galgctose, tap water and sodium chloride. Carlile and
Machlis (2) observed that zygotes of Allomyces sp. responded ﬁo-indivi-
dual amiﬁo’acids, Quch as cystine, proline and seriné. ‘Royle and Hickman

(9) reported that glutamic acid was unique—in causing both attraction and

encystment of zoospores of Pythium aphanidermatum. They alsﬁ observed

that combination .of éugars, (fructose, glucose andlsﬁcrose) and 18 amino
acids in equal proportions by weight caused excellent attraction and .
clustering of cysts. Troutman and Wills (15) stated that zoospores of

Phytoghthora parasitica var. nicotianae always migrated towards the
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negative electrode in the presence of an electric current and compared
this principle to that of plant roots and fhizosphere.

Although previous investigators have demomnstrated the chemotactic

[

properties %f various compounds found in root exudates, no study ha& i
cludéd the quantitative aspect of such compounds as they naturally occur,
Furthermére, few investigators have even considered the complete quali-.
tative analysis of combounds in exudates which act.as-attfactants° "It
is therefore the purpose of this report to show which compounds are
present in sugar beet exudate, what cﬁncéntration of such compounds are
‘exuded, and which compounds are effective-in zoospore attraction,

germination and development.




CHAPTER, I
MATERIALS AND METHODS

Preparation of zoospore suspension: - An A. cochlioides culture (courtesy

Dr. M. M. Afanasiev, Montana State University, Bozeman) was maintained on
corn meal agar and, grown on a liquid medium (5).. The‘brganism was grown
in 250 ml Erlenmeyer flasks'containing 100 ml of autoclaved medium for
four days at room temperature, Affer'decanting the medium, the mycelial
mat was rinsed thoroughly in sterilized distilled water six times and
incubated in the last rinse for 24 hours at room temperature. Spot tests
indicated that sugars or amino acids were not present in the final rinse )

water. Twenty-four hours after the rinse, the mycelial mat produced an

"abundance of actively moving Z0oSpores.,

Preparation of sterile sugar beet root exudate: Sugar beet seeds of the

Great Western Sugar Company, variety number 359-602, pretreated with New
‘Improved Cerasan (0.3 g Cerasan per 100 g seeds) were treated with 20%
Chlorox for 20 minﬁtes;‘ After washing the seeds 8 to 10 times in steril=-
ized. distilled water, the§ were ase;tigally trénsferréd to élates.of
potato dextrose agar and incubated at room temperature fof 3 days. The
clean germinatedhseeds were transferred aseptically to the sterilized
érowth vessel.

The growth vessel was a petri plate (9 cm diameter and 4% cm depth)
containing stainless sfeel wire mesh fitted inéide, i cm above water.,
The wire mesh acted as a platform on which the germinating seeds restedt
The developing,roo;s were held in the water in.the vessel and shoots grew
ﬁpwardg from the platform,’ Hénce the water in the vessel served as

Zi
L
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a reservoir of root exudates. The seedlings were grown for seven days in
the vessel at room temperature.' The plants and exudates were checked for
contamination on nutrient agar (Difco)., The plants were counted and the

water in the vessel was reduced to 1.0 mllby a flash evaporation,

Analysis of root exudates: The concentrated root exudate was passed

through Dowex 50 (H+) and ﬁo&ex 1 (formate), réspectivély! in order to
separate the sample into cation, anion and neutral‘fractions, respectively, .
(13), The fractions were evaporated to dryness by dry air .and placed in
P705, NaOH desiccétog overnight,

The organic acid fraction was separated by one dimensional chrom-
atography on Whatman No. 1 paper by using the following solvent systems:
A) n-butanol - acetic acid - water (4:1:5 v/v), B) ethyl acetaﬁe -
pyridine - water (8:2:1 v/v) and C) n-pentanol -5 N.forﬁic acid (1:1 v/v).
Organic acids were detected"on the—chromatograms according to the method _
of Trevelyan, et. al. (11), and by spraying of 5% bromrpﬁenol biue in
ethanol, Organic acids were quantiéatively‘determined according to the
method of Strobel and Hewitt (13),

Sugars we?e identified‘by one dimensional paper chromatography in
solvent systems A and B. After elutiomn from the chromatograms.the reduc;
‘ ing suéars were estimated quantitatively by the method of Nelédn (6).
Estimation of melibiose, raffinose and suéfose in the neutral fraction was
madé by Joyce-chromoscan densitometer, after treatment of the chromatogram

with basic silver nitrate as prescribed by Trevelyan (l4). Standard

curves for these sugars were made by uéing 1, 2, 4, and 8 pg. Estimation




-6= \
of sugars and organic acids were calculated on a per root basis. ) !

A known amount of the amino acid fraction was separated by two-
dimentional thin layer chromatography on silica gei H in the solvent
syftem: Isopropanol-NH,O0H (67:33 v/v) followed by n-butanol-acetic acid=-
wéger (3:1:1 Q/v). .Known.aﬁino acids ﬁere also separated by two dimen~
tional thin layer chromatography. Amiﬁo acids were detected by spraying
0.3% ethanol-ninhydrin on the developed chromatoplates. Amino acids pre=-
sent in the sample were identified according to their position correspond-
ing to the position of the reference amino acids.

After separatioh of a given amount of sample the chromatoplates Wefe
alr dried and sprayed twice with etﬁanolic ninhydrin and dried at 75‘C for
10 minutes. The spoés We¥e scraped into a beaker wiﬁh 7.65 ml distilled
water, stirred-well and filtered through Whatman No. 1 paper into a cu=-
vette, Readings were taken in a Bausch and Lomb Spectronic 20 colori-
meter at 570 mu. Each reading was compared with the respective staﬁdard
curve for that particular amino acih prepared in the same manner'using
known’concentrationSA(0.5, 1.0, L.5 and 2.0 ug) 6f the amino acid. Indi-

vidual amino acids were also calculated per root basis.

Attraction tests: To test root materials under standardized conditions,

a modified techniqué of Royle and Hickman was used (8,°9). The capillary
root model was prepared with glass capillary tubes of 1 mm outer diameter
and 8 cm in length. Two scratches were made at the 2 cm mark in each tube.
The tubes were washed thoroughly in concentrated sulfuric acid and

sterilized distilled water, Solutions for tests were mixed in equal

[
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proportions with 0.57% purified agar (Difco) at about 50 C. Capillaries
were filled by allowing the agar soiutioﬁs-to be drawn'up by capillary
action to the 4 cm mgrk (20 ul). Afferla few minutes when the substances
inside the dapillary tubés solidified, pieces of 2 cm length were ﬁade at
the pre-cut marks. These root models were cleaned with cheesecloth and
placed in plain Syra&use wgtch glass (diameter 2 5/8 inch) which was
plaéed on the stage of a compound microscop;. Two such faot models were
testgd in each watch glasé° There were 4 root models for each compound |
and the various fractions from beet root exﬁdates. Agar, 0.25%, was used
as a control in the root models. |

Two ml .of zoospore suépensién were used in each watch glass. The
tuBes'weré arraﬁged parallel to each other'about é cm apart and the watch
gléss'was covered with é 1id, Readings were taken 6-8 hrs after the zoo-
spore suspension was added, Concentrations of crude exudate and exudate
fractions in'the’tubgé were identicai to the amounts produced by 70 plants.
" The concentration of other compounds in the tubes were identical to the
amount.p;odg;ed by 5, 710, 15 and.ZO plants. Readings were takgh by count-
ing tﬂe zobspores which lodged at the ends of root model in the microscope
1fie}d. Furthermore, the germihating zoospores in each case were estimat-
ed.. Readings'of tﬁe ran@omly lodged zbospores were taken from randomly
- selected regions in the watch glass whére there was no influence of the
coﬁpounds which were in the root models. The proportion of zoospores at
the root model ends.to that of randomly 1o&ging zoospores was calculated,

The percentage of -spore germination was also calculated in each case.




CHAPTER III
RESULTS

Gluconic acid was ﬁhe predominant écid in the organic acid fraction
(Table I, fig. 2). Two other éompounds were present, lower in amount and
detected in the solvent syétem, containing ethyl acetate-pyridine-water
(8:2:1 Q/v); the Rf'i of whiich were 0.28 and 0.56. The neutral fraction
yielded.S sugars, fructose, glucose, melibiose, raffinose, ribose, sucrose;
and 1 unidentified compound (fig°.3). Table i shows that glucose was

present in quantities larger than any other sugar. Fourteen spots were

found on the bhromatoPlates‘when the amino acid fraction was analysed.

Eight of these were identified; these include alanine, arginine, aspartic

acid, glutamic acid, glycine, lysine, phenylalanine and threonine (fig. 4).
The quantitative estimation of each compound is presented in Table I.
Zoospores showed distinct differences in response towards different

fractions tested in root models as shown in Table II. The crude prepara~-

tion had an excellent ability to. attract zooépores to support a high

germination and to influence profuse mycelial growth. The mycelial

growth was more prominént near'the tip of the root model than at the
farther fegions (fig 1-B). The amino acid fréction was next best to érude
preparation in shpportiné the development of the germ tubes, but it did
not have a nbticéable ability to atﬁracﬁ zoospores., The zoospores

lodged near the end of the root model which'contained amino acid fraction

germinated and developed much better than the others which 'lodged farther

away from the tube ends ((fig. l-C). The neutral fraction showed a

relatively good zoospore attracting'aﬁility,'however, it somewhat re-

tarded the germination of zoospores., The development of germ tubes in
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the presence of the neutral fraction was poor, and the accumulation of z0o=
spores seemed to be diffuse (fig. 1-D). Second to the crude preparation, -
the organic acid fraction showed the maximum zoospore attracting ability
(fig. 1~E); however, the organic acids appeared to have no effect on the
germination of zoospores and the developﬁent of hyphae. When the amino
acid fraction was coﬁbined with neutral fraction there was no zoospore
attrac;ion above that of the néutral fraction alone. Likewise, the zoo-
spores germinated and.developed as they did in the amino acid fraction
alone. The combination of thé amino acid fraction and the qrganic acid
fraction showe& a poor zoospore attracting ability when compared to organ-
ic acid fraction alone, When the total effect of this combination was com=:

pared with the individual effects, the amino acid fraction seemed to sup=-

press the attraction ability of the organic acid fraction. However, there

. was slight increase in the attraction ratio and germination percentage

over the results observed in the amino acid fraction alone. When the organ-
ic acid fraction and the neutral fraction were combinéd the attraction
ratio wa§ less than the individual effect of each fraction but the germina=’
tion percentage was only slightly less th;n the additivé effect of both

the compounds. The combination of all the three fractions (fig.-l-F) had
relatively a better effect on_attraction, éermination and development of

the ﬁuﬁgus but in all cases w;s less than that-of'crudgrﬁrepération.f The.

check (fig. 1-A) had an attraction ratio of 1, which was considered as’

the base and 10% gerﬁination.




.The ability of the different compounds and groups of compounds to

attract zoospores were made according to the following formula:

Ratio of zoospore attraction = No. of zoospores at_the end of root model
v ‘ : No. of zoospores randomly lodging

Among the individual compounds gluconic acid showed maximum ability to
. attract zoospores with fructose and glucose next in ordef (Table III).
Maltose, sucrosea.and xylose played a relatively small role in attrééting
zoospores., Melibiose had no effect whereas raffinose and ribose seemed "
to repel the zoospores., Gluconic acid and all the identified sugars from
the root exudate were tested for attraction of zoosporés in root models
using concentrations of compounds és_they were foﬁnd to be exuded by 35,
© 10, 15 and 20 plaﬁts{ respectively, (fig. 5). When all of the identifiedv
| sugars were cémbined with gluconic acid the attrac;ion ratio was more than
that.of the sugars alone and less than thaﬁ'of'gluc6nic acid alone. Amino’
acids were not tested ipdividuaily as the amino’acid fraction did not

. i / .

show attraction for zoospores under conditions as they.naturally'pccurred

in sugar beet root exudate,




Qualitative and quantitative analyses of sugar beet root exudate

Compounds exuded by Quantity in ug
sugar beet roots per root

L. ORGANIC ACIDS

1. Gluconic acid 0.3560
Lk SUGARS
1. Fructose 0.4444
2. Glucose 1.1389
3. Maltose ‘ 0.2556
4, Melibiose 0.0063
5. Raffinose 0.0133
6. Ribose 0.0778
7. Sucrose 0.0002
8. Xylose 0.1556

III. AMINO ACIDS

1. Alanine trace®
Ze Arginine 0.0024
3. Aspartic acid 0.0022
4. Glutamic acid 0.0021
5. Glycine trace
6. Lysine trace
7. Phenylalanine trace
8. Threonine trace

o Any compound which was less than 0.0001 ug was considered
as trace.
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TABLE II1
Role of sugar beet exudate and its fractions in the phenomena of
attracting and is ‘ng germination of zoospores of A. cochlioides

w W

Fractions Ratio of zoospore Germination
attraction percentage

Check 1.0 10
Crude preparation 5.5 82
Amino acid fraction 1.4 2L
Neutral fraction Ba2 L5
Organic acid fraction 3.9 12
Amino acid + neutral fraction 1.9 70
Amino acid + organic acid L/ 55
fractions

Organic acid + neutral 35l 23
fractions

Amino acid - organic acid = 3.6 54

neutral fractions

*Fractions have been used from exudates obtained from 70 seedlings and
the data given are the average of 4 replicationms.

Ratio of zoospore attraction = No. of zoospores at the end of root
model
No. of zoospores randomly lodging
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TABLE III

Zoospore attraction towards individual compounds

Ratio of zoospore attraction

Compounds Quantity of compounds used (on a plant basis)
Ck 5 20
Gluconic acid 150 1.6 246 L Jel
Fructose B0 e LoD L7 2.2
Glucose 10 1e'h Ll 1.9 201
Maltose 15y 1.4 o 1e3 159
Melibiose 1.0 1.0 146 s 0 -
Raffinose 1.0 i ~0.7 -0.7 -0.9
Ribose 0.9 1+2 1O 0.9 0.8
Sucrose L0 0.9 Ls L 1v2 -
Xylose 1.0 Lsl Tieel 1.1 1.2




Fig. 1.

Semi-diagramatic &rawings of zoospore attrgction;'germination and
development of A. cochlioides towards a crude preparation and fractions
of a crude preparation of sugaf beet root exudate 8 hours affer treat-
ment. (The exudate was collected from 70, 7 day old sugar beet
seedlings). The micfoscopic field examined at the‘root model tip was
100 X. \

A) Check

B) Crude preﬁarétion

C) Amino acid fraction - ' | _ cT

D) Neutrgi fraction

E) Organic acid fraction

F) Amino acid fraction + neutral fraction + organic acid fraction
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Fig. 2.

éhromatogram of the organic acid fraction from sugar beet root
exudate, collected from 20 plants developed in a solvent system
containing butanol : acetic acid : water (4:1:5 v/v) for 24 hours
1 and 2 - Different concentration of the sample By A

R - Reference
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Fig. 3.
Chromatogram of the neutral fraction from sugar beet 'root‘exudate
collectea from .20 plants developed .in a solvent system ;ontaining
_ ethylacetate : pyridine : Watér (8:1:2 v/v) for 20 hours
R - Reference A '

S - Sample
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_Fig. 4\.

Thin layer chromatography of the amino acid fraction of sugar beet
root exudate collected from 20 plants; developed first in a solxtrent
system containing Isopfopanol:NH40H, (67:33 v/v) and the mext phase,
butanol : acetic acid : water (3:1:1 v/v).

1) 7 2) arginine 3) lysine &) aspartic acid 5) glutamicdacid
6) 2 7) glycine 8) 2 ’é) alanine 10) threonine 11) ? 12) 7

13) ? lé)kphenylalanine :

-
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Fig.l oy

Attraction ratio of zoospores to different compounds of sugar beet
root exudate tested in a simulated condition
O'—"—“O Gluconic acid

A—-——A Gluconic acid + all the sugars which are identified from
the root exudate i

\' 3
EI-——L__I All sugars which are identified from the root exudate

@ _____ @ Glucose
A-— - —-A Fructose

* : ' ’
The concentration of different compounds were taken as they occur in

5, 10, 15, and 20 plants. (See Table I)
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CHAPTER IV
| DISCUSSION

Sugar beet root exudate contains at least 14 amino acids, three
organic acids and 9 sugars. Rovira (7) reported that young pea root
exudate contained 22 amino acids and 2 sugars which differed from that
‘ of oats which had 14 émino acids and 2 sugars. These results reveal that
each plant may have a unique péttern of chemical exudation. This may be
the reason why there is some specificity in the ability of certain plants
to attract spores of different fungi.

The results indicate that.the crude preparation has maximum zoo-
spore attractiné ability, the best effect on the stimulation of germina-
tion of.zoogpores, and subsequent growth and development of germ tubes.
Thus, it appearé that the crude preparation provides the fungus ail the
necessary factors.for growth and development. On the other hand, the
amino acid fraction showed a pronouncéd affect.in’promoting germination
and development of the fungus buF not in attracting the zoospores. The
lorganic acid ffagtién showed.the bgst ébility to attréct zoospores but
did not séem to-affect germination and growth of the fungus. The neutral
fraction pléyed a role in attracting the zoospores but appeared not to
have an effect on germination, growth and development of the funéus.
Thus, it seems as 1if each group of‘compounds‘has a particular func£ion in
the biological phenomenon of the A. cochliéides - sugar beet reiationsﬁip.

When all the‘fractions were combiﬁed.and tested for attraction and

v
growth, the attraction ratio as well as the germination percentage and

rate of growth were much less than that of the crude preparation (Table Ii)

This might be explained on the basis that the crude preparation cohtained
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-biological:factdrs which were destroyed during the experimental pxo-
cedures. -

The ;ombination of organic acid and ﬁeutral fractions from the root
avudate of 70 peedlings had ﬁ onsﬁoré attraction ratio 3.1 (Table IIL)
wheréas the gluconate and sugars combined in concentrations simulatiﬁg
those of 20 plantsiwas 3.4, Thus,'the results of the tests are not
strictly comparable.. Several reasons may explain this discrepancy: 1)
the relationships between attraction ratio and attractant concentrations
are not linear, thus increased concentrations of attractants beyond that
exuded by 20 plants would not proportionally increase the attraction
ratio; 2) not all of the compounds in thg exudate fractions were identi-
fied, thus, anioné;-étﬂér organic acids and neutral compounds not
detected by the methods outlined may have a negative effect on zoosboré
attraction. This is illustrated by the repelling effect that higher con-
centration of raffinose has on zoospores (Table III).

Royle and Hickman (9) reported that glutamié-acid.and a combination
iof amino agid and éugar mixtures produced affects resembling thése of pea
root materials (crude preparation) in attraction and other functions such

as encystment and development. of Pythium aphanidermatum zoospores. The

present study revealed that amino acids in concentrations simulating those
from sugar beet root exudate did not have a role in attracting the zoo=
spores of A. cochlioides but played a majof.role in supporting germination

and development of the\fungﬁs.




w2fe

Dukes and Apple (4) reported that 1% sucrose solution acted strongly

to attract zoospores of Phytophthora parasitica var. nicotianae. However,
in the present study glucose and fructose served as better attractants
than sucrosé under the simulated conditions of sugar concentrations in
root exudate. Since sucrose is found in relatively minute quantity in
the root exudate it may be ineffective in zoospore attraction.

Troutman and Wills (15) showed that zoospores of Phytophthora

parasitica var. nicotianae always migrated towards the negative electrode
.and the plant roots exhibited'a negative charge. Hencé fhey stated that
the-éttraction of zoospores towards the rhizosphere and roots is due to
electrotaxis; Although no évidence of electrotaxis is presented in this
report it is possible that it also occurs along with chemotaxis in attract-

ing zoospores of A. cochlioides to sugar beet roots.




CHAPTER V
- SUMMARY
Root exudates of sugar beet seedlings were separated into amino acid,
neutral, and organic acid fractions by the appropriate Déwex exchange
resins. Chromatographic analyses of the different fractions ;iélded 14
amino acidé, 3 organic acids, and 9 sugars, Quantitative analysés of
these compounds were done by standard techniques., |
Chemotaxis tests for zoospores of‘é.'cochlioides with crude pre-

parations of root exudate, individual fractions, and the fractions in all

“possible combinations showed that crude preparations. had the maximum

ability to attract zoospores. The crude préparations also enhanced
growth and development of the gefm tubes, The amino acid fraction stim=-
ulated ggrmination of the zoospores and growth and development of the
germ tubes, but had no influence on attracﬁion. The organic ;cid and
neutral fractions had a high zoospore attracting ébility but did not effect
germination and development of the spores. Combihatioq of the fractions
revealed intermediate effectg in m&gt cases,

Gluconic acid had the maximum attracting ability among the indi=-

vidual compounds tested under concentrations simulating those exuded by

beet roots., Other compounds such as glucose and fructose contributed

highly to-zoospore attraction. Maltose, sucrose; and. xylose showed slight .

ability to attract zoospores. Melibiose had a neutral effect, whereas

-

raffinose and ribose repelled the zébspores.
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