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ABSTRACT

Tolerant rootstocks and phosphonate fungicides form part of an integrated management strategy of Phytoph-
thora root rot (PRR) in avocado; a disease caused by Phytophthora cinnamomi (Pc). The aim of our study was
to evaluate whether the effect of rootstock tolerance and phosphonate trunk injections (once or twice during
the season) on PRR could be assessed using DNA-based pathogen quantification. Quantitative real-time PCR
(gPCR) analysis was used to investigate Pc quantities in roots and soil from three asymptomatic phosphonate
orchard trials and one rootstock trial (only Pc root quantities were evaluated). In the phosphonate trials, no
significant differences were evident in Pc root and soil DNA quantities for trees receiving one or two phospho-
nate trunk injections (preventative dosage of 0.3 g a.i./m?) for both of the investigated time points (May and
October 2018). However, gPCR analysis in roots was able to reveal the importance of root phosphite concen-
trations since a significant negative correlation was found between root phosphite- and Pc root DNA concen-
trations for the May sampling point. The 2x trunk injection treatment consistently yielded significantly higher
root phosphite concentrations than the untreated control, whereas the 1x trunk injection treatment did not. In
the orchard where rootstocks were evaluated, the more PRR-tolerant R0.06 rootstock had a significantly lower
(P = 0.0793) Pc root DNA concentration than Dusa® at the 90% confidence interval in the November (2017)
sampling month. However, there were no significant differences between the rootstocks in Pc root DNA quan-
tities for the March and May 2018 samplings. DNA-based pathogen quantification in roots and soil should, in
future, also be evaluated in symptomatic orchards with higher Pc inoculum, since the mainly asymptomatic
orchards used in the current study might have contained Pc inoculum levels that were too low for Pc DNA quan-
tities to reveal the effect of management strategies.
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INTRODUCTION

Management of Phytophthora root rot (PRR) in avo-
cado requires an integrated management strategy,
which is accurately described by the ‘Pegg wheel’
The ‘Pegg wheel’ covers six management principles,
including soil selection, irrigation management,
chemical control, inorganic nutrition, organic amend-
ments and tolerant rootstocks (Wolstenholme and
Sheard, 2010). Chemical control of PRR mainly con-
sists of the use of phosphonates, especially since the
discovery of phosphonate trunk injections by Darvas
et al. (1984) (Dann et al., 2013).

In South Africa, in a preventative management
strategy, avocado producers typically apply phos-
phonate trunk injections twice a season in accordance
with the two root flush windows. One application is
made in summer (after the spring foliar flush has
hardened off) and the other in fall (usually after

harvest when the summer foliar flush has hardened
off) (McLeod et al., 2018). This application strategy
has become problematic due to strict maximum
residue level (MRL) regulations for fosetyl-Al (fosetyl
+ phosphonic acid) in fruit, which was imposed
by the European Union (EU) in 2014 for avocado
(McLeod et al., 2018). Many producers have been
unable to maintain EU standards despite following
phosphonate label recommendations, thus leading
to market access problems. Exceedances of the EU
MRL is likely due to the phosphonate applications
made in summer, since small fruit are present
on trees that serve as a strong sink for phosphite
(breakdown product of phosphonates in plants).
Several growers in South Africa have thus enquired
whether applying only one trunk injection during the
fall application window using the preventative dosage
(0.3 g a.i./m? canopy) is sufficient for managing PRR.
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This approach is likely to reduce
fruit residues, but it is unknown
whether it will reduce the efficacy
of PRR management in the long-
term.

Rootstock resistance is con-
sidered an essential preventative
management strategy for PRR
control. However, despite sev-
eral decades of intensive investi-
gations into the identification of
Phytophthora-resistant avocado
rootstocks (Kremer-Kéhne and
Kéhne, 2007; Smith et al., 2011),
only tolerant rootstocks have been
discovered thus far. Westfalia
Technological Services (WTS) at
Westfalia Fruit has been very suc-
cessful in identifying PRR-tolerant
rootstock selections in their root-
stock programme. Two prominent
rootstocks that have been discov-
ered by this programme include
the Dusa® rootstock (also known
as R0.09) and more recently
rootstock R0.06 (Engelbrecht
and Van den Berg, 2013), which
is potentially superior to Dusa®
in terms of PRR tolerance (Van
Rooyen, 2017).

Limited information is available
regarding the extent of Pc root col-
onisation in rootstocks R0.06 and
Dusa®, since studies have mainly
focused on their host defence re-
sponses during pathogen attack
(Engelbrecht and Van den Berg,
2013; Van den Berg et al., 2018).
Phytophthora cinnamomi root in-
fection and colonisation have only
been investigated in Dusa®, where
it was shown that less Pc root
colonisation occurred in Dusa®
in comparison to the susceptible
R0O.12 rootstock (Engelbrecht et
al., 2013). This observation was
made using artificial inoculation
of avocado seedlings under glass-
house conditions, followed by an
assessment of Pc root colonisation
through quantitative real-time PCR
(gPCR) analysis. The extent of Pc
root colonisation in rootstock R0.06
has not yet been reported. Howev-
er, reduced and delayed zoospore
germination has been reported for
infected R0.06 roots as opposed
to the moderately tolerant R0.10
and susceptible R0.12 rootstocks
(Van den Berg et al., 2018), thus
suggesting that root colonisation
might be less in R0.06.
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The efficacy of management strategies against PRR may be better
understood through investigations into pathogen DNA concentrations
within host roots and rhizosphere soil. DNA extraction and qPCR quan-
tification from plant roots are readily conducted (Engelbrecht et al.,
2013). However, qPCR quantification from soil DNA is challenging, due
to the presence of variable quantities of PCR inhibitors in soils as well as
variable DNA extraction efficacies (Daniell et al., 2012). It is, therefore,
important that an artificial internal DNA standard is used when conduct-
ing qPCR analysis of soil pathogens. In the latter approach, co-amplifi-
cation of the targeted microbe and the foreign gene is conducted, which
can be used to determine and adjust for PCR inhibition and DNA loss
(Fall et al., 2015).

The first aim of our study was to determine whether gPCR quantifi-
cation of Pc from avocado orchard tree roots and rhizosphere soil can
differentiate between the efficacy of two phosphonate treatments (1x
versus 2x trunk injections). The efficacy of the phosphonate trunk injec-
tion treatments was also assessed by measuring root phosphite concen-
trations. The second aim was to compare Pc DNA concentrations from
the roots of two rootstocks (Dusa® and R0.06) differing in PRR tolerance
under orchard conditions.

MATERIALS AND METHODS

Phosphonate trials

Orchard selection and trial layout

The trials were conducted in three orchards, without obvious symptoms
of PRR decline, which were located in two production regions (Mooketsi
and Letaba) in Limpopo, South Africa. Two of the orchards (BL and EL)
were situated in Letaba, and one (FM) was situated in Mooketsi. The
scion/rootstock combinations included Carmen/Dusa® (BL) and Maluma-
Hass/Duke 7 (EL and FM). None of the orchards were mulched.

Three treatments were evaluated: (i) untreated control, (ii) 1x trunk
injection and (iii) 2x trunk injections. A total of eight trees (single rep-
licates) were selected for each treatment at each orchard (i.e. 24 trees
per orchard). The trial design was a completely randomised design.
For the 1x trunk injection treatment, trees were injected in fall (April
2018). For the 2x trunk injection treatment, trees were injected in sum-
mer after the spring foliar flush had hardened off (November 2017) and
in fall (April 2018). Each trunk injection was applied at a preventative
dosageof 0.3 ga.i./m?(Avoguard® 500 SL; Nulandis, Kempton Park, South
Africa) according to the registered label recommendation.

Root and soil sampling

Roots and soil were sampled from each treatment replicate in two dif-
ferent months (May 2018 and October 2018); 4 and 23 weeks, respec-
tively, after the April 2018 injections.

Root DNA extraction and gPCR analysis
Root DNA extraction and qPCR amplification targeting the Ypti gene
were conducted as previously described (Masikane, 2017).

Soil DNA extraction and multiplex gPCR analysis

Soil DNA was extracted using the NucleoSpin® Soil kit (Macherey-Nagel
GmbH and Co., KG, Dliren, Germany). Prior to starting the soil DNA
extraction kit protocol, the required amount of SL1 DNA extraction buf-
fer was spiked with a plasmid containing the exogenous internal foreign
positive control (EIPC) DNA fragment (Fall et al., 2015) to a final concen-
tration of 1.2 x 103 copies/ul.

A probe-based multiplex gPCR assay reaction was optimised that co-
amplifies the EIPC plasmid DNA fragment and the pathogen’s Ypt1 protein
gene within one gPCR reaction. The relative pathogen DNA concentration
(in ng/mg,,,) was calculated by using the formula:
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pathogen DNA concentration of sample
EIPC gene copy number of sample

x EIPC gene copy number used for spiking

mg soil used in DNA extraction

(Moein et al., 2019).

Root phosphite extraction and quantification
Phosphite was extracted and quantified from roots as
previously described (McLeod et al., 2018).

Rootstock trials

Orchard selection and trial layout

The rootstock trial was conducted in one orchard (GL)
in the Tzaneen region which is known to have had a
high PRR disease pressure and where phosphonates
have not been applied. Each rootstock was replicated
five times in a completely randomised block design,
with each replicate containing five trees. One or two
trees were randomly selected from each of the Dusa®
and R0.06 rootstock replicates, thus resulting in a total
of eight trees selected per rootstock. All rootstocks
were grafted with Hass® and trees were approximately
4 years old. At the time of sampling, the trees had a
disease severity score of 0 to 2, based on the Ciba-
Geigy tree health rating scale. The Ciba-Geigy scale
ranges from 0 (healthy tree) to 10 (dead tree).

Root sampling and Pc quantification

Roots were sampled from each tree over three sam-
pling months (November 2017, March 2018 and May
2018). DNA extraction and gPCR quantification were
conducted as described for the phosphonate trials.

Statistical analysis

For the phosphonate trial data, analyses of variance
(ANOVA) was performed on the root phosphite con-
centrations, Pc root DNA concentrations and Pc soil
DNA concentrations using the GLM (General Linear
Models) Procedure of SAS statistical software (Ver-
sion 9.4; SAS Institute Inc., Cary, USA). For the root-
stock trial, ANOVA was also performed on the Pc root
DNA concentrations. Pearson’s correlation analyses
and the significance of correlations were conducted
on the root phosphite concentrations and Pc DNA
concentrations (root and soil) using XLStat (Version
2014; Addinsoft, New York, USA).

RESULTS

Phosphonate trials

Phytophthora cinnamomi root qPCR quantification
Levene’s test for homogeneity showed that there
was a significant difference (P = 0.0008) in variance
between the data of the three orchards for the Log
(x + 0.01) transformed Pc root DNA concentrations.
Therefore, a weighted analysis was conducted. ANOVA
analysis showed that the Pc root DNA concentrations
did not differ significantly between the treatments
(P =0.3361).

Phytophthora cinnamomi soil gPCR quantification

Levene’s test for homogeneity showed that there was
no significant difference (P = 0.3337) in variance
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between the data of the three orchards, for the Log
(x + 0.00001) transformed Pc soil DNA concentra-
tions. Therefore, a weighted analysis was not re-
quired. ANOVA analysis showed the three treatments
did not differ significantly from each other in Pc soil
DNA concentrations (P = 0.4422).

Root phosphite quantification

Levene’s test for homogeneity showed that there
was a significant difference (P = 0.0011) in vari-
ance between the data of the three orchards for the
Log (x + 1) transformed root phosphite concentration
data. Therefore, a weighted analysis was conducted.

ANOVA analysis showed that there was a significant
orchard x treatment x month interaction for the root
phosphite concentrations (P = 0.0492). This inter-
action was thus investigated further. For all three
orchards and for both sampling months (May and
October), the 2x trunk injection treatment yielded
significantly higher root phosphite concentrations
(19.06 to 57.11 pg/g,,) than the untreated control
(1.36 to 30.55 pg/g,,) (Table 1). In contrast, the 1x
trunk injection treatment, for two of the orchards
(EL and FM), did not differ significantly from the un-
treated control at either sampling month. In the third
orchard (BL), this was only true for the May sampling
month and not for October. The root phosphite con-
centrations of the 2x trunk injection treatment did
not differ significantly from the 1x trunk injection
treatment (19.71 to 50.31 pg/g,,) for either of the
sampling months for the EL and FM orchards. How-
ever, for the BL orchard, for both sampling months,
the 2x trunk injection treatment yielded significantly
higher root phosphite concentrations than the 1x
trunk injection treatment (Table 1).

Correlation analyses between Phytophthora cinna-
momi quantities and root phosphite concentrations
Only one significant correlation was observed between
the three measured parameters (root phosphite,
Pc root DNA and Pc soil DNA) in the phosphonate
trials. A highly significant negative (r = -0.348;
P = 0.003) correlation was found between the root
phosphite concentrations in May and the May Pc root
DNA concentrations, indicating that as root phosphite
increased, the Pc DNA in roots decreased. However,
no significant correlation existed between the root
phosphite concentrations in October, and the October
Pc root DNA concentrations (r = -0.071; P = 0.556).
No significant correlations were found between Pc
root DNA and Pc soil DNA concentrations for either
sampling month; May (r = -0.034; P = 0.780) and
October (r = 0.129; P = 0.280). There were likewise
no significant (P = 0.100) other correlations between
the three investigated parameters when compared in
all possible combinations.
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Table 1. Effect of phosphonate treatments on root phosphite concentrations over two sampling months (May and Octo-

ber) in three avocado orchards.?

A 38

Orchard BL Orchard EL Orchard FM
Treatment © May’18 October’18 May’18 October’18 May’18 October’18
Control 8.84 gh 1.361i 19.06 def 12.26 fgh 30.55 bcd 21.22 def
1x trunk injection 14.00 h 12.47 h 32.22 bcd 19.71 def 50.31 ab 22.40 cde
April’l8
2x trunk injection 21.38 de 19.16 efg 41.15 abc 28.29 cde 57.11 a 41.20 abc
Nov’17, Apr'18

2 Values in columns and rows followed by the same letter do not differ significantly according to Fisher’s least significant difference test
(P = 0.05). Post-hoc analysis was conducted on Log (x + 1) transformed root phosphite data. The actual root phosphite concentrations
(Mg/g,, roots) are shown. Values represent the average of eight replicates per treatment, with each replicate consisting of one tree.

® The 1x trunk injection treatment involved the application of one phosphonate trunk injection in April 2018 (after the summer foliar flush
had hardened off), whereas the 2x trunk injection treatment consisted of phosphonate trunk injections applied in November 2017 (after
the spring foliar flush had hardened off) and in April 2018. Trunk injections were all applied at the preventative dosage of 0.3 g a.i./m?.

Rootstock trials

Phytophthora cinnamomi root qPCR quantification
The May 2018 sampling month yielded little to no Pc
root DNA concentrations for either rootstock (Dusa®
[0.00917 ng/mg,,] and R0.06 [0 ng/mg,,]), and
many replicates furthermore contained no Pc root
DNA. Consequently, there was no significant dif-
ference (P = 0.3506) between the two rootstocks
for May. There was also no significant difference
(P = 0.3995) between the Pc root DNA concentra-
tions obtained from the Dusa® (0.08325 ng/mg,,) and
R0.06 (0.05410 ng/mg,,) rootstocks in the March
2018 sampling month. However, for the November
2017 sampling month, there was a significant difference
(P =0.0793) at the 90% confidence interval between
Pc root DNA concentrations. There was a tendency
for the Dusa® (0.49580 ng/mg,,) rootstock to yield
higher Pc root DNA concentrations than the R0.06
(0.14003 ng/mg,,,) rootstock.

DISCUSSION

The current study showed that qPCR quantification
of Pc in avocado roots and rhizosphere soil, using
the Yptl and multiplex Yptl/EIPC assays, respec-
tively, were able to quantify the pathogen in avocado
roots and soil. Although the methods were unable to
reveal significant differences in the effect of man-
agement strategies (phosphonate and rootstock) in
trees that were mainly asymptomatic, it might have
potential to do so in symptomatic orchards. This is
especially true for phosphonate trials, since a signifi-
cant negative correlation was found between Pc root
DNA quantities and root phosphite quantities.

Our study showed that in the phosphonate trials,
based on Pc DNA concentrations obtained from roots in
two different months (May and October), 1x or 2x pre-
ventative phosphonate trunk injections (0.3 g a.i./m?)
were unable to suppress the pathogen. Phytophthora
cinnamomi root DNA concentrations from trees that
received 1x trunk injection (after the summer foliar
flush had hardened off) or 2x trunk injections (after
the summer and spring foliar flushes had hardened off)
did not differ significantly from the untreated control.
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This was surprising, since the 2x trunk injection
treatment yielded significantly higher root phosphite
concentrations than the untreated control and would
thus have been expected to reduce Pc root coloni-
sation. The importance of root phosphite concentra-
tions as being indicative of Pc suppression was also
suggested by the significant negative correlation that
was found between root phosphite concentrations
and Pc root DNA concentrations for the month of
May. The 2x trunk injection treatment (0.3 g a.i./m?)
was expected to be effective since it is registered in
South Africa (Fighter® and Avoguard®) for PRR con-
trol. In contrast, the 1x trunk injection treatment was
not expected to be effective (reduce Pc DNA concen-
trations), since it was not applied according to label
recommendations and it generally yielded root phos-
phite concentrations that did not differ significantly
from the untreated control.

The effect of phosphonate treatments on Pc soil
population levels was also investigated in the current
study to determine whether phosphonate treatments
can reduce soil inoculum build-up. Since a high vari-
ability in PCR inhibitors and the efficacy of DNA ex-
tractions can occur between different soil samples
(Daniell et al., 2012), a multiplex gPCR assay was
developed to allow for the relative quantification of
Pc from soil samples. In the current study, the quan-
tification of Pc from soil samples using the multiplex
Ypt1/EIPC qPCR assay was unsuccessful, since very
low concentrations were detected, including samples
taken from the untreated control trees. The difficulty
in quantifying Pc from soil is likely due to the er-
ratic nature of Pc distribution within soil (Pryce et al.,
2002), its naturally low occurring soil population lev-
els (Hendrix and Kuhlman, 1965; Eden et al., 2000)
as well as the small quantities of soil that can be ana-
lysed with commercial soil DNA extraction kits (Sena
et al., 2018). The poor performance of Pc soil DNA
extractions has likewise been reported in another
study (Sena et al., 2018). Sena et al. (2018) were
unable to detect Pc soil propagules using DNA-based
methods, despite positive detections being reported
for soil baiting culture methods.
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The roots of the Dusa® rootstock tended to yield
higher Pc root DNA quantities than the R0.06 root-
stock in November 2017. This can be expected, since
a reduction in Pc root colonisation has previously been
associated for PRR-tolerant rootstocks (Engelbrecht et
al., 2013) and it has been suggested that R0.06 is more
PRR-tolerant than Dusa® (Van Rooyen, 2017). Data
from the current study thus supports the theory that
the R0.06 rootstock may have a greater PRR tolerance
than Dusa®. However, lower Pc root colonisation levels
do not always equal a greater PRR tolerance, since root-
stocks with a high root regenerative ability can compen-
sate for root damage caused by Pc (Kellam and Coffey,
1985). The lower Pc root colonisation levels associated
with the R0.06 rootstock may be due to a reduction
and/or delay in zoospore germination (i.e. decreased
pathogen infection rate). In addition, during early stag-
es of infection, strong activation of B-1,3-glucanase
and deposition of impermeable callose at the site of
host plant cell penetration can occur (Van den Berg et
al., 2018).

In conclusion, gPCR analyses of avocado root- and
soil samples may have potential for assessing the
efficacy of management strategies in PRR symptomatic
orchards. From a disease management strategy
perspective, investigating soil inoculum is important
for orchard replant situations and further work would
thus be required to investigate useful soil quantification
techniques. It will also be important to conduct long-
term studies on the effect of phosphonate treatments
on soil inoculum, since this might only become evident
after several seasons. From the current study, it was
noticeable that the Pc DNA concentrations were highly
variable in both root and soil samples. Therefore,
it might be useful for future studies to use a trial
design where a larger number of trees are assessed
within replicates, in order to compensate for this high
variability observed in qPCR pathogen quantification
datasets. Analysis should also be conducted in PRR
symptomatic orchards to determine whether the
current failure of gPCR analyses to differentiate
treatment effects is due to Pc inoculum levels being
too low in the investigated orchards.

Acknowledgement

We would like to thank the South African Avocado
Growers’ Association for financial support of the
project.

REFERENCES

DANIELL, T.J., DAVIDSON, J., ALEXANDER, C.J1.,
CAUL, S. & ROBERTS, D.M. 2012. Improved real-
time PCR estimation of gene copy number in soil
extracts using an artificial reference. Journal of
Microbiological Methods 91: 38-44.

DANN, E.K., PLOETZ, R.C., COATES, L.M. & PEGG,
K.G. 2013. Foliar, Fruit and Soilborne Diseases.
Pages 397-415 in: The Avocado: Botany,
production and uses. Volume II. (B. Schaffer,
B.N. Wolstenholme and A.W. Whiley, eds.). CAB
International, Wallingford, Oxfordshire, UK.

DARVAS, J.M., TOERIEN, J.C. & MILNE, D.L. 1984.

SOUTH AFRICAN AVOCADO GROWERS’ ASSOCIATION YEARBOOK 42, 2019 39 y-N

Control of avocado root rot by trunk injection with
phosetyl-Al. Plant Disease 68: 691-693.

EDEN, M.A., HILL, R.A. & GALPOTHTHAGE, M. 2000.
An efficient baiting assay for quantification of
Phytophthora cinnamomi in soil. Plant Pathology
49: 515-522.

ENGELBRECHT, J., DUONG, T.A. & VAN DEN BERG, N.
2013. Development of a nested quantitative real-
time PCR for detecting Phytophthora cinnamomi
in Persea americana rootstocks. Plant Disease 97:
1012-1017.

ENGELBRECHT, J. & VAN DEN BERG, N. 2013. Ex-
pression of defence-related genes against Phy-
tophthora cinnamomi in five avocado rootstocks.
South African Journal of Science 109: 1-8.

FALL, M.L., TREMBLAY, D.M., GOBEIL-RICHARD,
M., COUILLARD, J., ROCHELEAU, H., VAN DER
HEYDEN, H., LEVESQUE, C.A., BEAULIEU, C. &
CARISSE, O. 2015. Infection efficiency of four
Phytophthora infestans clonal lineages and DNA-
based quantification of sporangia. PloS one 10:
p.e0136312.

GRUDA, N. 2008. The effect of wood fiber mulch
on water retention, soil temperature and growth
of vegetable plants. Journal of Sustainable
Agriculture 32: 629-643.

HENDRIX, J.W. & KUHLMAN, E.G. 1965. Factors af-
fecting direct recovery of Phytophthora cinnamomi
from soil. Phytopathology 55: 1183-1187.

KELLAM, M.K. & COFFEY, M.D. 1985. Quantitative
comparison of the resistance to Phytophthora root
rot in three avocado rootstocks. Phytopathology
75: 230-234.

KREMER-KOHNE, S. & KOHNE, 1.S. 2007. 25 Years
of avocado rootstock development in South Africa.
Page 39 in: Proceedings of The VI World Avocado
Congress, Vifia del Mar, Chile.

MASIKANE, S.L. 2017. Optimizing foliar phosphonate
sprays as a preventative alternative to trunk
injections for the management of Phytophthora
root rot in avocado. Honours thesis, Stellenbosch
University, Stellenbosch, South Africa.

MCLEOD, A., MASIKANE, S.L., NOVELA, P, MA, ],
MOHALE, P., NYONI, M., STANDER, M., WESSELS,
J.P.B. & PIETERSE, P. 2018. Quantification of
root phosphite concentrations for evaluating the
potential of foliar phosphonate sprays for the
management of avocado root rot. Crop Protection
103: 87-97.

MOEIN, S., MAZZOLA, M., SPIES, C.F.J. & MCLEOD,
A. 2019. Evaluating different approaches for
the quantification of oomycete apple replant
pathogens, and their relationship with seedling
growth reductions. European Journal of Plant
Pathology (in press).

PRYCE, J., EDWARDS, W. & GADEK, P.A. 2002.
Distribution of Phytophthora cinnamomi at
different spatial scales: When can a negative
result be considered positively? Austral. Ecology
27: 459-462.

SENA, K., DREADEN, T.J., CROCKER, E. & BARTON,
C. 2018. Detection of Phytophthora cinnamomi in

|



4

o
™~
™
©o
| sl
<
00
=
=
[}
o
©
=
3
=N
a
=

40

forest soils by PCR on DNA extracted from leaf disc
baits. Plant Health Progress 19: 193-200.

SMITH, A.L., DANN, E.K., PEGG, K.G., WHILEY,
A.W., GIBLIN, F.R., DOOGAN, V. & KOPITTKE,
R. 2011. Field assessment of avocado rootstock
selections for resistance to Phytophthora root
rot. Australasian Plant Pathology 40: 39-47.

VAN DEN BERG, N., CHRISTIE, J].B., AVELING,
T.A.S. & ENGELBRECHT, J. 2018. Callose
and B-1, 3-glucanase inhibit Phytophthora
cinnamomi in a resistant avocado rootstock. Plant

Pathology 67: 1150-1160.

VAN ROOYEN, Z. 2017. Onwards and Upwards - new

rootstocks on the horizon. South African Avo-
cado Growers’ Association 50th Congress. Avail-
able at: https://www.avocado.co.za/wp-content/
uploads/2017/02/28.-Z.-van-Rooyen-14-20.pdf.
Accessed on: 23 June 2017.

WOLSTENHOLME, B.N. & SHEARD, A. 2010. Integrated

management of Phytophthora root rot the “Pegg
wheel” updated. South African Avocado Growers’
Association Avoinfo Newsletter 175: 11-15.

Green

®

~ «Change your

with Green °

| greenint

GreenGold® 30 is a dry fertilizer applied as top dressing
with the three-in-one winning combination of nitrogen,

calcium and boron.

Green ® 20 is a must for fruit
and vegetable growers.

%

« Comprises a combination of nitrogen, water-soluble calcium and water-soluble boron for rapid
uptake and quick plant reaction - all in one application.

- Nitrogen is water soluble and partially quickly available and partially gives you a longer reaction.

« Enhanced efficiency can result in higher yield and profitability.

« Is highly suitable for fruit and vegetables but is also suitable for use on potatoes, grain crops,

sunflower and pastures.

Kynoch - enhanced efficiency through innovation.

0113172000 | info@kynoch.co.za | www.kynoch.co.za

GreenGold® 30 K9750, Act 36 of 1947. Farmisco (Pty) Ltd t/a Kynoch Fertilizer. Reg no. 2009/0092541/07



