<
>
=
=
=

EFFICACY OF WATER SOLUBLE SILICON FOR CONTROL OF
PHYTOPHTHORA CINNAMOMI ROOT ROT OF AVOCADO

by

Theo Frederik Bekker

Submitted in partial fulfilment of the requirements for the degree MSc (Agric)

Horticulture
In the Faculty of Natural and Agricultural Sciences
University of Pretoria

Supervisor: Prof. N. Labuschagne
Co-supervisor: Prof. T. Aveling
Dr. J.H. v.d. Waals
Dr. C. Kaiser

March, 2007

© University of Pretoria



DECLARATION

I hereby certify that this seminar is my own work, except where duly
acknowledged. I also certify that no plagiarism was committed in writing

this thesis.

Signed

Theo Frederik Bekker

ii




SITEIT VAN PRETO
ITY OF PRETO
SITHI YA PRETO

ACKNOWLEDGEMENTS

I wish to express my sincere thanks to the following people and institutions:

Dr. Clive Kaiser, for his initial inspiration, and continued advice and support during
the prelude to this study, and his guidance and interest throughout.

Prof. Nico Labuschagne, for his meticulous leadership and encouragement
throughout, ensuring in me a growing love for the field of plant pathology.

Prof. Terry Aveling, for her enthusiasm about something as small as a zoospore,
conveying to me the love of the small wonders of nature.

The University of Pretoria, South African Avocado Growers’ Association and
Technology & Human Resources for Industry Program for financial assistance.

Dr. Thierry Regnier, for his black board diagrams, insight into the science of plant
defence responses, and absolute exuberance about plant pathogen reactions.

Dr. Nicolette Taylor, for her meticulous editing of the document.

Prof. P. Robbertse, Dr. J. van der Waals, Mrs. J. Herman and R. Kiggen, Mr. R.
Gilfillan and the staff from the department of Plant Production for their support.
Michelle Wilmot, for her help and professional friendship.

Anita Willis from Westfalia Technological Services (WTS) for her guidance, helpful
comments, questions, and patience.

WTS for the use of their facilities during the post-harvest disease incidence trial.
Allesbeste nursery, Omega nursery, Westfalia nursery and Dr. Anton Hough from
Schagen nursery for the supply of avocado nursery trees for the glasshouse trials.
Zack Bard, Margaret and Braam Mostert, and Myra and Koos Visser for allowing me
into their homes and families, for their amicable character and friendship.

Graham and Tony Lunt for the use of their trees, facilities and workforce.

Benert Magadani, without whose help, the field trial would never have succeeded.
My father and mother (Theo and Marlinda Bekker); my brothers Leon and Gerhard;
sister Tresia; newly added sister Dorithy and soon to be sister Laura-Leigh; my
grandparents Oupa Jan and Ouma Sus Struwig; my friends Anria Horn, Bruere Visser,
Gina Fourie, Jaco Joubert, Jarrod Schlemmer, Johan Strydom, Judy van der Merwe,
Lida van der Merwe, Pieter Scholtz, Ricus van der Merwe, Stephanie Denz, Tamsin
Lotter, Wouter van Wyk, Yolandi Smit, Lize Strydom, Siebert Lubbe, and all my
other wonderful friends I did not mention; thank you for your love, friendship and

presence in my life. I love you all.

iii



SITEIT VAN PRETO
ITY OF PRETO
SITHI YA PRETO

TABLE OF CONTENT
ACKNOWLEDGEMENTS ......cociiiiiiiiiiiiiieteetee ettt I
ABSTRACT ...ttt ettt ettt sanee e IX
INTRODUCTION.......cooiiiiiiniie ettt ettt 1
LITERATURE CITED.....c..cooiiiiiiiiiiiiiiiieitct ettt 4
CHAPTER 1 ..ottt e 7
LITERATURE REVIEW ....cociiiiiiiiiiiiiiiiiit ettt 7
1.1 THE PLANT: PERSEA AMERICANA ........ccoooiiiiiiiiiiiiniieeceeceee e 7
1.1.1 History and Distribution..............ceeeriiiiiiniieiiiniiieeiieee et 7
1.1.2 Plant Morphology and Physiology ..........cccciiiiiiiiiiiiiiie e 7
1.2 THE DISEASE: PHYTOPHTHORA ROOT ROT....c.coeooiiiiiiiiiniiiiieecieceeeee 9
1.2.1 INErOAUCHION ...ttt et 9
1.2.2 SYMPLOMIS ..iiniiiiiiiitee ettt ettt e ettt e e e e ettt e e e e e e sabbebeeeeeeenas 10
1.2.3 Disease Cycle and Epidemiology .........cccoooiiririiiiiiiniiiieeeiiee e 11
1.2.4 Physiology, Sporulation and Spore Germination ...........c..ccceeeeeeieeeeeneeennn. 12
1.2.5 Motility, Taxis and TrOPISML.........cccovvuueeiiniiieirniiieieeiee et 14
1.2.6 Physical Factors affecting Development of P. cinnamomi......................... 15
1.2.7 Chemical Factors affecting Development.............cccovveeeiinnieeiiniiieennneeenn 16
1.2.8 Control of P. cinnamomi in AVOCAdO .......c..eeeiriiiiiiiiniiiiiiiieeeeiiee e 18
1.3 PLANT RESPONSES TO PATHOGENS ........coiiiiiiiiiiieiiiceeeeceeeee e 20
1.3.1 INtrOAUCHION .ttt et et ee e 20
L.3.2 PRENOILS ..t 21
1.4 SILICON ...ttt ettt et et sttt e 30
| B = o) oy RSP 30
1.4.2 STHCON 10 SOTL . e 31
1.4.3 SIlICON SUPPLY -nveiieeiiiie ettt ettt e et e e et ee e eneeee s 31

v



SITEIT VAN PRETO
ITY OF PRETO
SITHI YA PRETO

1.4.4 Application MethOds. ........c..eiiiiiiiiiiiiiee et 33
1.4.5 SIliCON UPLAKE .....eoiiiiiiiiiiiiiiiiiiiie ittt 35
1.4.6 Deposition Of STCOM ...cceeuiiiiieiiiee et 38
1.4.7 In Vitro Effect of Silicon on Plant Pathogens ..........ccccccccvieiiiiiniiiiiiennnnnn. 38
1.4.8 In Vivo Effect of Silicon on Plant Pathogens .........ccccccccevviiiiiniinnnen. 39
1.4.9 Mechanism of Disease Suppression by Silicon...........ccccevvuieeeiniieeennneeen. 41
1.4.10 Stress Related ROIE ......c...eeiiiiiiiiiiiiiiiiiiici e 45
1.4.11 Beneficial Impact of Silicon on Other Nutrient Elements ........................ 46
1.5 CONCLUSIONS ..ottt ettt e 48
1.6 LITERATURE CITED ...ttt 49
CHAPTER 2 ..ot st e 70

SILICATE AGAINST SELECTED PLANT PATHOGENIC FUNGTI............cc....... 70
2.1 ABSTRACT .ottt sttt e 70
2.2 INTRODUCTION .....cooiiiiiiiitiiieiie ettt ettt 71
2.3 MATERIALS AND METHODS ......cccoiiiiiiiiitie e 72
2.3.1 FUNGA] ISOLALES.....eeeeeieeiiiiiieieeee ettt e e et ee e e e et eeee s e eans 72
2.3.2 Siliceous Material ..........ccocviiiiiniiiiniieinececeeceeceee e 72
2.3.3 Agar Preparation and ASSAY ........ceeeeeueieeieiiieeeniieeeeniee et e e e ee e 72
2.3.4 Statistical ANALYSIS......eeeieiiiiieeiiie et 73
2.4 RESULTS AND DISCUSSION ......coiiiiiiiiiiiieniieeieceeieeeee e 73
2.5 CONCLUSION ..ottt ettt e 75
2.6 LITERATURE CITED ..ottt 76
CHAPTER 3 ..ottt 83

THE INHIBITION OF PHYTOPHTHORA ROOT ROT OF AVOCADO WITH
POTASSIUM SILICATE APPLICATION UNDER GREENHOUSE CONDITIONS



SITEIT VAN PRETO
ITY OF PRETO
SITHI YA PRETO

BT ABSTRACT ...ttt et et et 83
3.2 INTRODUCTION .....cuiiiiiiiiiitiiteete ettt st 84
3.3 MATERIALS AND METHODS ......cccoiiiiiiiiiit et 85
3.3.1 Chemicals.....cccoiiiiiiiiiiiiii 85
3.3.2 Experimental Detail ...........coooiiiiiiiiiiiiiiiiii e 85
3.3.3 TIRALMENILS ...ttt ettt ettt ettt e et e e s eabee e e s 86
3.3.4 Inoculation Procedure .........coocuueeiriiiiiiiiiiiniiiee et 87
3.3.5 Harvesting and Evaluation ..............ccceeiiiiiiiiiiiiieece e 87
3.3.6 Canopy CONAItiON......cccovueiiiriiieeiiiiiee ettt ettt et esiree e 88
3.3.7 Data ANALYSIS ..eeeeeeiiiieeeiiie ettt et e e e e ee e et e e e eaee e e e 88
3.4 RESULTS AND DISCUSSION .....cociiiiiiiiiiiiiiiiieiienteeteie ettt 88
3.4.1 Root Rot and Regeneration ............cccceeveuiiiiiiiiieeeiiiee et 89
3.4.2 Canopy CONAitiON......ccceiuieiieiiiieeeciieeeeeee et te et e et e e e e e e e eeeeeeeeenee 91
3.4.3 Plant Mass and Root: Shoot Ratios ...........ccoceeeviiiniiiiniiiniiienieciiceee 92
3.5 CONCLUSION ...ttt ettt ettt ettt e e e e sanee e 95
3.6 LITERATURE CITED ......cociiiiiiiiiiiiiitiiieeie ettt 96
CHAPTER 4 ...ttt 109

EFFICACY OF WATER SOLUBLE POTASSIUM SILICATE AGAINST
PHYTOPHTHORA ROOT ROT OF AVOCADO UNDER FIELD CONDITIONS

............................................................................................................................... 109
4.1 ABSTRACT ..ottt st 109
4.2 INTRODUCTION ......coiiiiiiieiiit ettt 110
4.3 MATERIALS AND METHODS ......ccooiiiiiiiiiiiiieeeeeee s 111
4.3.1 CheMICAIS ..cueveeiiiieniiie ettt s 111
4.3.2 Experimental Layout..........ccccooviiiiiiiiiiiiieiiieeeeeeet e 111
4.3.3 Standard Management Practices in the Orchard .............cccccoceiiiiinnie 112
4.3.4 TIEAMEIES ....eeeeeiiieeeiiieeeniteee ettt ee st e et e esaree e e srre e eseineeeesanreeeenanes 112

vi



SITEIT VAN PRETO
ITY OF PRETO
SITHI YA PRETO

4.3.5 Root and Leaf Sample and Photographic Data Collection ....................... 113
4.3.6 Assessment of Tree Canopy Condition...........ceevvuvieeeniiieeeniiieeennieeeennne 113
4.3.7 Root Density ASSESSIMENL........ccccuutirieiiiererieiieeeeiitee et eeeeeeeeeeeeeeeeenees 113
4.3.8Yield Data ......coocoeiiiiiiiiiiiiiiiii 114
4.3.9 Post-Harvest Disease Rating ...........cccccuviiiieeiiiniiiiiiieeeeeeciiiieee e 114
4.3.10 Nutrient ANaLYSiS ...cccuveeeeeriieimiiiiiieiiiieeeriieeee ettt e e e 115
4.4 RESULTS AND DISCUSSION .....oooiiiiiiiiiiiiiiiteieeie et 115
4.4.1 Root Health and Canopy Condition............cccceeereiierriiiereniiiee e 115
4.4.2 Post-harvest Disease Rating..........cccovviieiiiiiiiiiniiiiiiiiieceiiec e 118
4.4.3 Yield and Fruit S1Z€ .........coociieiiiiiiiiiiiiiiiieicenecceee e 120
4.4.4 NULIENt ANALYSIS ...vvviiiieeiieiiiiiieeeeeeeeiiiiete e e e e e eeibieeeeeeeeseabrereeeees s sanrenees 122
4.5 CONCLUSION ..ottt ettt ettt sttt st s 124
4.6 LITERATURE CITED ..ottt e 126
CHAPTER 5 ..ottt et e 144

ACCUMULATION OF TOTAL PHENOLICS DUE TO SILICON APPLICATION
IN ROOTS OF AVOCADO TREES INFECTED WITH PHYTOPHTHORA

CINNAMOMI ...ttt sttt 144
ST ABSTRACT ..ottt s 144
5.2 INTRODUCTION .....cooiiiiiiiiiiieiie ettt 145
5.3 MATERIALS AND METHODS ......ccoooiiiiiiiiiiiieieeeeee e 147
5.3.1 ChemiCalS.....cooouiiiiiiiiiiiiiii e 147
5.3.2 Experimental LayOul........ccccooiiiiiiiiiiiiiieeice e 147
5.3.3 TIEAUMENLS ..ceenetieeeiiieeeeiitte ettt eeeettee e ettt e e et e e e st eeebeeeesabaeeesareeeas 147
5.3.4 Extraction and Quantification of Total Phenolic Compounds................... 147
5.3.5 Non-Conjugated Phenolic AcCids ........ccoeeviieiiiiiiiiiiieiiee e, 148
5.3.6 Glycoside-Bound Phenolic ACids...........cocoeeeiiiiiiiiiiiiieeiiie e 148
5.3.7 Ester-Bound Phenolic Acids ..........ccoouiirmiieniiiiiiiiiniieeeeeeee e 148

vii



5.3.8 Cell Wall-Bound Phenolic ACids .........ccoccveerieiriiiiniiiiiiiiiicciceieee 148

5.3.9 Quantification of Phenolics by the Folin-Ciocalteau Method................... 149

5.3.10 Reverse Phase — High Performance Liquid Chromatography ................ 149

5.3.11 Statistical ANALYSIS....ccceruiiiiiiiiieeiiiiie ettt e 150
5.4 RESULTS AND DISCUSSION ......ooiiiiiiiiiiiiiitciceie ettt 150
5.5 CONCLUSION ..ottt sttt 155
5.6 LITERATURE CITED .......cccciiiiiiiiiiiiiieiceitcie e 156
GENERAL DISCUSSION AND CONCLUSIONS ......cooiiiiiiiiiiieiiceeeenee e 166
APPENDIX A .o 178
APPENDIX B ..ottt e 179
APPENDIX C ..ottt 180
APPENDIX D .ottt et e 181
RESUME ..ottt 182
SAMEVATTING .....ooiiiiiiiiet ettt st s 184

viii



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(02&

ABSTRACT

Avocado production worldwide has been under great pressure due to Phytophthora
cinnamomi Rands. root infection, which ultimately leads to tree death. In an attempt
to find a viable alternative treatment for phosphonate fungicides against Phytophthora
root rot of avocado, studies have been conducted to determine the effect of potassium
silicate application on P. cinnamomi root rot development in both avocado nursery
trees and trees in the field.

The direct inhibitory effect of potassium silicate was tested in vitro, and results
indicated it to have a dose-related inhibitory effect on P. cinnamomi growth at
concentrations as low as Sml.1". By means of greenhouse trials it was demonstrated
that potassium silicate either stimulates root growth or imparts some form of
protection to avocado roots if applied prior to P. cinnamomi inoculation, as
inoculated, silicon treated trees resulted in the highest fresh and dry root mass
compared to all other treatments. Potassium silicate application inhibited
Phytophthora root rot in inoculated greenhouse trees effectively, and in all repetitions
either resulted in similar, or better root rot ratings compared to the current control
treatment potassium phosphonate. The beneficial effects of potassium silicate was
however lost in treatments receiving only one silicate application, and reapplication of
potassium silicate is essential. These findings are of paramount importance as this
implies that potassium silicate may be proposed as a possible alternative control to
inhibit the effects of P. cinnamomi on avocado nursery trees. Three potassium silicate
soil drench applications resulted in significantly higher root densities compared to the
control and potassium phosphonate (Avoguard®) treatments. These results correlated
well with tree canopy ratings. All potassium silicate soil drench treatments resulted in
lower disease ratings (canopy condition). Three applications (Si x 3) of soluble
potassium silicate per season resulted in significantly higher phenolic root
concentrations compared to the untreated control. Crude phenolic concentrations
obtained in the Si x 3 treatment samples were similar to that of potassium
phosphonate. These results indicate that potassium silicate application to avocado
trees under P. cinnamomi infectious conditions increase total phenolic content of
avocado root tissue, suggesting potassium silicate to have an indirect inhibitory effect

on P. cinnamomi infection of avocado trees.

X
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INTRODUCTION

The avocado (Persea Americana Mill.) is an evergreen, polymorphic tree species,
originating in a broad geographic region from the eastern highland of Mexico to the
pacific coast of central America (Knight, 2002). The genus Persea (Clus.) belongs to
the family Laureaceae (Scora et al., 2002), being amongst the families Proteaceae
and Magnoliaceae, one of the oldest plant families on earth. Three distinct,
ecologically separate sub-species of the avocado have been termed by Popenoe (1920)
as Guatemalan, Mexican and West Indian or Antillean. Avocado production is limited
to the tropical and subtropical regions of the world, and the fruit is exported
worldwide (Knight, 2002). In South Africa avocado production is confined to the
Limpopo and Mpumalanga provinces in the north and north-east of the country, and
to a lesser extent to the frost-free lowland coastal belts and cooler midlands of
KwaZulu-Natal (Lovegrove and Hooley, 2000).

Phytophthora root rot has been the main limiting factor to successful avocado
production in countries such as Australia, South Africa and the USA. Phytophthora
root rot, caused by the fungus Phytophthora cinnamomi Rands. (Hardy et al., 2001),
is the most important and destructive disease of not only avocados worldwide, but
over 1000 plant types (Zentmyer, 1980), including pineapple, macadamia, peach,
pear, kiwi fruit, chestnut, eucalyptus, and many native Australian and South African
plants (Pegg et al., 2002). In avocado, it attacks and kills trees of all ages, from
nursery trees to large bearing trees through the destruction of feeder roots. Its
reproduction, growth and spread are favoured by free soil-water. Movement of
infected soil therefore plays an important role in the spread of this fungus (Hardy et
al., 2001). It has been postulated by Arentz and Simpson (1986) and Linde et al.
(1997) that the fungus originated in Papua New Guinea, and was moved by the
activities of people into other tropical and subtropical regions of the world.
Phytophthora cinnamomi causes rot of feeder roots, leading to the death of host plants
(Anon, 2004). Infection is mostly limited to the feeder roots, which become black and
brittle and eventually die off. Feeder roots may be difficult to find under trees with
advanced root rot symptoms (Pegg et al., 2002), and this dieback of feeder roots may

impose severe water stress on the tree, even in moist soils. Visible symptoms include
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wilted and chlorotic foliage and eventually defoliation and dieback of branches,
depending on root rot severity.

Numerous control measures have been implemented to control root rot, but a well-
managed program is necessary to ensure disease suppression. Biological control of P.
cinnamomi has been investigated by numerous authors (McLeod et al., 1995;
Duvenhage and Kotze, 1993; Casale, 1990; Pegg, 1977) and shows promise for
reducing root rot (Pegg et al., 2002). Host resistance is an important method of
reduction of Phytophthora root rot (Coffey, 1987), with some rootstocks expressing
tolerance to root rot by the rapid regeneration of active feeder roots while in others the
progress of infection in the root is inhibited (Phillips et al., 1987). Cahill et al. (1993)
reported increased levels of lignin and phenolics after inoculation with P. cinnamomi,
suggesting phenolic compounds play a role in plant resistance to Phytophthora root
rot. Wehner et al. (1982) and Brune and van Lelyveld (1982) reported on the
sensitivity of pathogens to antifungal substances in avocado tissue. They concluded
that some phenolics act as antioxidants during induced resistance and these phenolic
antioxidants are present in plant lipophylic regions.

Chemical control however remains the most important control measure, and to this
end, phosphate-based fungicides play a major role. Phosphonate fungicides, including
fosetyl-Al (Aliette®) and its breakdown product phosphorous acid, are highly mobile
in plants (Guest et al., 1995). It is believed to control Phytophthora spp. by a
combination of direct fungitoxic activity and stimulation of host defence mechanisms
(Guest et al., 1995; Hardy et al., 2001). Darvas et al. (1983, 1984) and Darvas (1983)
first reported on the use of a trunk injection method obtaining “outstanding control” of
P. cinnamomi by fosetyl-Al. This remains to date the most effective application
method of phosphonate fungicides in avocado. Subsequently, Duvenhage (1994) was
the first to report on the possibility of resistance to fosetyl-Al and H3PO3 and found
that isolates of P. cinnamomi obtained from trees treated with fosetyl-Al or H3POs3
were less affected by fosetyl-Al and H3POs in vitro, compared to isolates obtained
from untreated trees. He concluded that the possibility of resistance does exist
(Duvenhage, 1999), which would pose a serious threat to the industry.

Research on the role of silicon in plant physiology depended on the advent of the
solution culture technique (Epstein, 1999). Numerous functions have been attributed
to silicon including improvement of mechanical properties (soil penetration by roots,

stature, resistance to lodging, exposure of leaves to light), enhancement of growth and



yield, resistance to salinity, reduction of transpiration and resistance to drought stress.

As discussed in more detail later, a number of studies demonstrated suppression of a

range of diseases by means of silicon application. Mechanisms include induction of

plant enzymes and increased resistance arising from the deposition in amorphous

silica, or accumulation of phytotoxic phenolic compounds (Fauteux et al., 2005).

The present study was initiated to determine whether the application of potassium

silicate to P. cinnamomi infected trees would suppress the disease. The objectives of

the study were:

To determine whether potassium silicate has a direct effect on fungal growth
in vitro.

To investigate the possibility of potassium silicate having an indirect effect on
disease development, through the alteration of the plant’s biochemical
composition.

To establish if the application of potassium silicate to avocado nursery and
field grown trees suppresses root rot development and spread in avocado roots.
To determine, if suppression is observed, the concentrations, dosage rates and
timing of potassium silicate applications to avocado orchards for P.
cinnamomi suppression.

To investigate the biochemical composition of plants with specific reference to
phenolic concentrations in avocado root tissue to ascertain if potassium silicate

leads to an increase or alteration of the phenolic content of plant cell content.

The primary applied objective of these investigations was to develop an alternative

control strategy for the avocado industry to alleviate the stress of resistance to

phosphonate fungicides as the only chemical control method currently used.
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