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ABSTRACT

The first aim of the study was to investigate whether applying phosphonates to late hanging fruit resulted in
increased fruit residues. A replicated trial was conducted in the Letaba and Mooketsi regions. In the Letaba
trial, late hanging fruit harvested 21 days after the last foliar sprays (potassium- and ammonium phosphonate)
were applied, had significantly higher fosetyl-Al fruit residues compared to fruit that were not late hanging. In
the Mooketsi trial, the same strong trend was observed although it was not significant. All of the foliar sprays
(potassium and ammonium) in the Letaba trial applied to late hanging fruit resulted in exceedances of the
maximum residue level (MRL) 21 days post-application, but not for the at harvest fruit. In the Mooketsi trial,
the ammonium phosphonate sprays resulted in an exceedance of the MRL in late hanging fruit 21 days after the
last sprays were applied, but not potassium phosphonate sprays. Fruit residues in fruit harvested at the normal
harvest date did not exceed the MRL in the Mooketsi trial. Phosphonate trunk injections applied to trees bear-
ing late hanging fruit had less of a negative effect on fruit residues, since these did not result in exceedances
of the MRL in both trials. The trunk injections, applied to trees containing late hanging fruit, however, also in-
creased the risk of exceeding the MRL. The second aim of the study was to determine the effect of phosphonate
trunk injections applied once or twice a year on root phosphonic acid (synonym of phosphite) concentrations
over one to two seasons at different time points in three orchard trials. In one orchard, phosphonic acid root
concentrations were very similar between the one and two annual trunk injection treatments, not differing by
more than 7 mg/kg,,. In the other two orchard trials, root phosphonic acid concentrations for the two and one
trunk injection treatments did not differ by more than 9 mg/kg,,, for almost all of the investigated time points.
The exception was for one time point in each of the trials where the two trunk injection treatments yielded
root phosphonic acid concentrations that were approximately 19 mg/kg., higher than the one trunk injection
treatment. In all three orchards, root phosphonic acid concentrations for the trunk injection treatments (one
and two injections) were only below 25 mg/kg,,, (concentrations ranging from 17 and 20 mg/kg,,,) for the time
points (February and October) just before new injections were conducted.

INTRODUCTION

Phosphonate fungicides are used extensively in
South Africa to manage Phytophthora root rot (PRR)
in avocado. Until 2013, fruit residues resulting from
phosphonate applications were not a concern, since
a maximum residue level (MRL) was not enforced
worldwide. However, in 2013, the European Union
(EU), which is South Africa’s largest export market,
started enforcing an MRL of 50 mg/kg for phospho-
nates on avocado. The fruit residues resulting from
potassium phosphonate applications, which is the

phosphonate formulation registered in South Afri-
ca, are expressed as fosetyl-Al (sum of fosetyl plus
phosphonic acid and their salts expressed as fosetyl)
(Commission regulation [EU] 2016/1003). This is
somewhat confusing, since potassium phosphonate
only breaks down to phosphonic acid. Fosetyl is only
found in the commercial formulation of Aliette®, which
is an alkyl phosphonate. The matter has been evalu-
ated by the European Food Safety Authority (EFSA).
Therefore, a new MRL definition accommodating po-
tassium phosphonate (phosphonic acid and their salts,
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expressed as phosphonic acid) has
been proposed by the peer review
group (EFSA et al., 2018). This,
however, is not yet enforced.
Limited information is avail-
able on how fruit residues are af-
fected when phosphonate appli-
cations are applied onto mature
fruit. Whiley (2001) reported that
the application of one 0.5% a.i. or
1% a.i. potassium phosphonate
foliar spray to fruit at commercial
maturity (approximately 25% dry
matter) only had a minor effect on
fruit residues. Fruit residues re-
sulting from these treatments 1 to
14 days after the foliar spray were
applied, were low (2.70 to 4.30
mg/kg) and similar for the 1%
and 0.5% sprays (Whiley, 2001).
Phosphonate trunk injection of
trees bearing mature fruit has also
been reported to yield minimal
fruit residues (unpublished results
within Whiley, 2001). This is likely
due to the fact that mature fruit is
not a strong sink for phosphonic
acid. The first aim of the current
study was to determine whether
phosphonate applications (foliar
sprays and trunk injections) ap-
plied to mature fruit that were
left to hang on trees after harvest
(late hanging fruit) resulted in an
increase in fruit residues.
Registered potassium phos-
phonate products on avocado
specify that two trunk injections
should be applied annually. One
injection is made in summer (af-
ter the spring foliar flush hard-
ened off), whereas the other is
applied in fall (usually after har-
vest when the summer foliar flush
hardened off). These applications,
however, can sometimes result
in exceedances of the EU MRL in
fruit. The trunk injection applied
in summer is most likely contrib-
uting the most to fruit residues,
since small fruit are present on
trees that act as a strong sink for
phosphonic acid (McLeod et al.,
2018). Therefore, several grow-
ers have considered reducing the
number of trunk injections to one
annual injection, which is applied
after harvest. This approach may
affect PRR management in the
long-term. The second aim of the
current study was thus to investi-
gate the effect of one versus two

trunk injections on phosphonic acid (synonym phosphite) root residues.
Root phosphonic acid concentrations can be indicative of the efficacy of
phosphonates against PRR (McLeod et al., 2018; Masikane et al., 2020).

MATERIALS AND METHODS
Effect of phosphonate applications to mature fruit on fruit residues
A replicated trial was conducted in the Mooketsi and Letaba production
regions. The trials had a completely randomized block design, contain-
ing six treatments (Fig. 1). Each treatment was replicated six times. The
Letaba trial contained ‘Hass’ trees grafted onto Duke 7, and the Mooketsi
trial ‘Maluma-Hass’ also grafted onto Duke 7. All foliar phosphonate treat-
ments were applied in autumn after harvest in 2018 and 2019 as four
weekly 0.5 a.i. or 0.25% a.i. sprays as previously described (Masikane
et al., 2020). Two products, an ammonium phosphonate (Brilliant®) and
potassium phosphonate (Fighter®) were used for the foliar spray treat-
ments. Trunk injections were applied using a potassium phosphonate
product (Avoguard®) in autumn and in summer (after the spring flush
hardened off) in 2018 and in 2019 according to label recommendations.
Fruit harvested after receiving the autumn applications in 2019, re-
sembling late hanging fruit, were assessed for fosetyl-Al residues by an
accredited laboratory (Hearshaw and Kinnes Analytical Laboratory [Pty]
Ltd, Tokai, South Africa). Fruit residues were also assessed in fruit that
were harvested at the normal harvest time in 2019.

Effect of one versus two annual trunk injections on phosphonic
acid root concentrations

Three trials were initiated in 2018 in three orchards (BT, ET and FT)
without PRR symptoms. Two of the orchards were situated in the Letaba
region (BT and ET) and one in the Mookesti region (FT) in South Africa.
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Figure 1: Effect of phosphonate applications on fruit residues (fosetyl-Al) in
late hanging fruit in two trials located in (A) Mooketsi and (B) Letaba
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Three treatments were evaluated in each of the
orchards: (i) untreated control, (ii) 1x trunk injec-
tion and (iii) 2x trunk injections. Each treatment
contained eight trees that were randomly selected
within a one hectare area. For two of the orchards
(ET and FT), the 1x trunk injection treatment was
applied to trees in April 2018 and April 2019. For
the 2x trunk injections treatment in these orchards,
trees were injected in November 2017, April 2018,
November 2018 and April 2019. For the BT orchard,
trunk injections were only applied starting in 2018.
Each trunk injection was applied at a preventative
dosage of 0.3 g a.i./m? (Avoguard® 500 SL; Nulandis,
Kempton Park, South Africa) in 2017 and 2018, but
at the curative dosage (0.5 g a.i./m?) in 2019.

Tree roots were sampled four times (May and Oc-
tober 2018, and February and July 2019) for two of
the orchards (ET and FT), whereas for the BT or-
chard roots were only sampled in February and July
2019 (Fig. 2). Root phosphonic acid was extracted
and quantified in tree roots as previously described
(Masikane et al., 2020).

Statistical analyses

The late hanging fruit trial residue data were anal-
ysed using Statistica 12 (Dell Software). Analyses of
variance was conducted, followed by post hoc test-
ing (Students least significant difference test) at the
95% confidence level. Root phosphonic acid concen-
trations from the trunk injection trials have not yet
been analysed statistically.

RESULTS
Effect of phosphonate application to mature
fruit on fruit residues
In the Mooketsi trial, there was a trend for the 21-
days post application fruit residues (fosetyl-Al) from
foliar sprays being lower than the 5-days post appli-
cation residues (Fig. 1A). This, however, was not sig-
nificant for any of the treatments. Fruit residues were
significantly higher for the 21-days post application
treatment than for the at harvest fruit for the Bril-
liant foliar sprays (0.5% and 0.25% a.i). All of the
fruit residues resulting from the Fighter foliar sprays
were below the MRL only for the at harvest and 21-
days post application treatments, but not the 5-days
post application treatment. However, for the Brilliant
foliar sprays (0.5% and 0.25% a.i.) the MRL was ex-
ceeded for the 5- and 21-days treatments but not the
at harvest treatment. Although there was a trend for
the trunk injection fruit residues to increase from at
harvest to 21-days post application, this was not sig-
nificant (Fig. 1A).

In the Letaba trial, there was a trend that fosetyl-
Al fruit residues increased from 5- to 21-days post
application of phosphonates to late hanging fruit for
all phosphonate treatments (Fig. 1B). This however,
was only significant for the Brilliant sprays (0.5% and
0.25% a.i.). All foliar sprays resulted in significant-
ly higher fruit residues for the 21-days postharvest
treatment than for the at harvest treatment. The
trunk injection treatment did not result in significantly

higher fruit residues for the late hanging fruit, in
comparison to residues of fruit at the normal har-
vest date. Fruit residues 21-days post application of
all phosphonate foliar sprays all exceeded the MRL,
whereas the injection treatment almost (48.28 mg/
kg) exceeded the MRL (Fig. 1B).

Effect of one versus two annual trunk injections
on phosphonic acid root concentrations
Phosphonic acid root concentrations in the BT
orchard were very similar between the one and two
annual trunk injection treatments, with the one trunk
injection having a slightly higher (7 mg/kg) root
phosphonic acid concentration than the two trunk
injection treatment only for the July 2019 time point
(Fig. 2A). In the ET orchard, the two versus one trunk
injections treatment did not differ by more than 9
mg/kg root phosphonic acid root concentration for
almost all of the time points. The exception was
for the July 2019 time point where the two trunk
injection treatment yielded a root phosphonic acid
concentration that was 18 mg/kg higher than the
one trunk injection treatment (Fig. 2B). In the FT
orchard, a similar result was obtained than for the
ET orchard, except that the October 2018 time
points was the time point that differed by more than
9 mg/kg,, root phosphonic acid concentration; the
two trunk injections had a 19 mg/kg,, higher root
phosphonic acid content than the one trunk injection
(Fig. 2C). In all three orchards, root phosphonic acid
concentrations for the trunk injection treatments
were sometimes below 25 mg/kg.,, for the time points
just before new applications were made (February
and October); these concentrations ranged between
17 and 20 mg/kg.,, (Fig. 2).

DISCUSSION

The effect of phosphonate foliar sprays on fruit
residues when applied to late hanging fruit differed
between the Mooketsi and Letaba trial. In the
Letaba trial, fruit residues tended to increase
from 5- to 21-days, whereas in the Mooketsi trial
they decreased. The increase in fruit residues
in the Letaba trial at 21-days post application
suggests that phosphonic acid is translocated to
mature fruit. This was unexpected, since previous
reports indicated that mature fruit is not a sink for
phosphonic acid (Whiley, 2001). It is unknown why
phosphonic acid translocation was more evident in
mature fruit in the Letaba trial than in the Mooketsi
trial, and why residues were higher in Letaba than
in the Mooketsi trial. Residues in late hanging
fruit receiving foliar sprays consistently exceeded
the MRL in the Letaba trial, and only sometimes
in Mooketsi trial. The fact that translocation of
phosphonic acid to mature fruit can occur under
certain circumstances when foliar sprays are
applied, has resulted in a recommendation that
this practice should not be applied. If late hanging
fruit are present when phosphonates are applied,
it might be better to rather apply trunk injections.
In the current study, fruit residues seemed less
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IrriCheck

Irrigation Scheduling Specialists

loT and irrigation scheduling

The Internet of Things (IoT) has become a buzzword in agriculture over the past few years, promising
to connect all things hardware to all things digital. What really matters however, is to ensure that there is
strategic focus on what is being connected and what data is being produced, so that the information has
practical relevance, is user friendly and can be implemented to make a meaningful difference on the farm.

James Moore

RRICHECK IS SAS largest independent

irrigation scheduling consulting firm

with irrigation scheduling consult-
ants throughout SA and SADC. We are
independent of the soil moisture probe
manufacturers; and supply, install and
maintain all the trusted brands, and
provide our own proprietary irrigation
scheduling software, IrriCheck Pulse™.

At IrriCheck, we have taken a stra-
tegically prudent decision to connect
sensors relating to and focused on irriga-
tion scheduling to the IrriCheck Pulse™
irrigation scheduling platform, making
decisions around irrigation management
and water use even more precise.

Sensors include:

e Weather stations: Provides us with
reliable and accurate farm-specific
forecast data, as well as ETo (Refer-
ence Evapotranspiration) data. This
is in effect the demand placed on the
crop from the atmospheric conditions,
and will directly impact the daily water
requirement for any given crop.

¢ In-line flow meters: This allows us
to accurately and timeously measure
water applied per tree, in litres or
cubes per hectare.

e In-line EC meters: Placed into
pivots, micro or dripper lines, these
sensors send us data on water quality
and/or fertigation dosage. Measuring
in mS/cm, this can help identify if wa-
ter quality is poor and/or if fertiliser

concentrations are not sufficient or
worse, too high, negatively affecting
your roots and soils.

Canopy sensors: This sensor allows
us to accurately and timeously receive
data measuring VPD (Vapour Pres-
sure Deficit), which is an indication of
the stress being applied to the crop
through the demand on transpiration,
primarily as a result of temperature,
humidity, wind and sunlight radiation.
Sap flow meters: Installed into the
tree, these sensors send us data on
the rate of sap flow under different
environmental conditions and impor-
tantly, in relation to data from other
sensors, such as VPD and the loss of
soil moisture in millimetres, derived
from the soil moisture probes. To-
gether with the probe, this data pro-
vides very accurate information on
actual ETc (Evapotranspiration of the
Crop) and factors influencing this.

¢ Dendrometers: Placed onto fruit,
this sensor sends us accurate and
timeous data on the growth of the
fruit. This, again, used alongside data
on environmental conditions, VPD,
sap flow and soil moisture data from
the probe, provides us with a holistic
view and valuable, interdependent
information directly affecting fruit
growth, which can then be manipula-
ted by means of irrigation scheduling
to achieve optimum size and quality.

These loT sensors link directly with tele-
metry units at the probe site and send
data, which interfaces directly with the
IrriCheck Pulse™ irrigation scheduling
platform available on your smartphone,
tablet or desktop computer. Data is then
interpreted, providing meaningful informa-
tion, which enables our irrigation schedul-
ers and our clients to make well-informed
changes to irrigation schedules to achieve
real results that are scientifically based.




affected when trunk injections  Acknowledgements
were applied to trees bearing We appreciate financial support for the project by the South African Avo-
late hanging fruit than when cado Growers’ Association and thank RolfsAgri and ULP for providing the
foliar sprays were used. phosphonate products.

In general, in all three of the or-
chard trials where one versus two REFERENCES
trunk injections were compared, Commission regulation (EU) 2016/1003 of 17 June 2016 amending

root phosphonic acid concentra- Annexes II and III to Regulation (EC) No 396/2005 of the European
tions did not differ much. The ex- Parliament and of the Council as regards maximum residue levels for
ception was for one of the time abamectin, acequinocyl, acetamiprid, benzovindiflupyr, bromoxynil,
points in two of the orchards. Find- fludioxonil, fluopicolide, fosetyl, mepiquat, proq. https://eur-lex.
ing similar root phosphonic acid europa.eu/eli/reg/2016/1003/0j. Accessed 28 January 2020.

concentrations for the one- and
two trunk injection treatments was
unexpected, since the two annual BT orchard (Letaba)
trunk injection treatment in ef-

fect received double the dosage of c -

phosphonic acid than the one an- *E 50

nual trunk injection. This phenom- € -

enon might be explained by the §

fact that the two annual trunk in- 5 "$30

jection treatment is applied when — § & -

trees contain small fruit, unlike £ g

the one trunk injection treatment. % 10

Thus, some root phosphonic acid é o—

might be lost to fruit in the two = . — [r—
annual trunk injection treatment. § ¥

Fruit residues were not measured =@==Control =81 injection ==&=2 injections
in the trials to determine whether

this did indeed occur. Except for

fch'e ti'me points jus’F before new ET orchard (Letaba)

injections were applied, trees re-
ceiving one- or two annual trunk
injections all had root phosphonic
acid concentrations above 25 mg/
kg.,- In Australia, root phosphon-
ic acid concentrations of 25 to
40 mg/kg,, are considered suf-
ficient for disease control and are
used as a guide for applying phos-
phonates commercially (personal
communication, G. Thomas, GLT
Horticultural Service, Frederickton,
NSW, Australia). Whether these =@==Control ==®=1injection ==&=2 injections

critical root phosphonic acid con-

centrations are also applicable to .

South Africa is unknown, but it FTorchard (Mooketsi)
may differ since rootstocks used 60

in the two countries differ in toler-
ance and our root phosphonic acid
quantification method may be dif-
ferent. The injection trials from the
current study will be continued for
the 2020/21 season by measuring
root phoshonic acid concentrations
and P. cinnamomi root quantities.
Tree ratings were also conducted
at the start of the trials and will
be conducted again at the end of =—e=Control =®=1injection =2 injections
the trials to determine if the treat-

ments had an effect on canopy  Figure 2: Effect of phosphonate trunk injections on root phosphonic acid con-
health. centrations over several sampling months in three avocado orchards

May '18 October '18 Feb'19 July '19

Root phosphonic acid concentration
(mg/kgpy)
w
o

May '18 October '18 Feb'19 luly '19

Root phosphonic acid concentration
(mE/kgpw}

SOUTH AFRICAN AVOCADO GROWERS’ ASSOCIATION YEARBOOK 43, 2020




EUROPEAN FOOD SAFETY AUTHORITY (EFSA). 2018b.
Arena M, Auteri D, Barmaz S, Brancato A, Brocca
D, Bura L, Carrasco Cabrera L, Chiusolo A, Civitella
C, Court Marques D, Crivellente F, Ctverackova
L, De Lentdecker C, Egsmose M, Erdos Z, Fait G,
Ferreira L, Goumenou M, Greco L, Ippolito A, Istace
F, Jarrah S, Kardassi D, Leuschner R, Lythgo C,
Magrans JO, Medina P, Mineo D, Miron I, Molnar T,
Padovani L, Parra Morte JM, Pedersen R, Reich H,
Riemenschneider C, Sacchi A, Santos M, Serafimova
R, Sharp R, Stanek A, Streissl F, Sturma J, Szentes
C, Tarazona J, Terron A, Theobald A, Vagenende B,
Van Dijk J and Villamar-Bouza L, 2018b. Conclusion
on the peer review of the pesticide risk assessment
of the active substance fosetyl. EFSA Journal 16
(7):5307 (DOI: 10.2903/j.efsa.2018.5307).

MASIKANE, S.L., NOVELA, P., MOHALE, P. & MCLEOD,
A. 2020. Effect of phosphonate application timing
and -strategy on phosphite fruit and root residues
of avocado. Crop. Protect. 128 (https://doi.
org/10.1016/j.cropro.2019.105008).

MCLEOD, A., MASIKANE, S.L., NOVELA, P, MA, 1.,
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. Protect. 103: 87-97.

WHILEY, A.W. 2001. Avocado canopy health and
management. Research report HRDC Project
AV960004 (31/12/00), Queensland Horticulture
Institute Department of Primary Industries,
Australia.

SOUTH AFRICAN AVOCADO GROWERS’ ASSOCIATION YEARBOOK 43, 2020 63




