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ABSTRACT
Different application methods of phosphonates were evaluated, including a phosphonate/bark penetrant trunk 
application (spray application), soil drenching and trunk injections for the control of root rot caused by Phy-
tophthora cinnamomi in avocados. The trial was conducted in an 11-year old ‘Hass’ avocado orchard in Politsi, 
naturally infected with Phytophthora spp.. The trial was conducted over approximately three and a half seasons 
and tree ratings (ratings – 0=very good health – 10=dead) were taken at specifi ed intervals. When season one 
and two were compared to each other, it was found that most of the treatments showed an increase in tree 
ratings indicating increased tree health decline. Only two treatments showed a decrease in tree ratings. At the 
end of season two, all treatments showed a signifi cant increase in tree ratings, indicating that the overall health 
of all the treatment trees decreased. The same trend was observed in the third season, until the trees were 
severely pruned before the mid-season evaluation. The trees slowly started to recover and at the start of the 
fourth season overall tree health improved drastically. This improvement continued with each monthly evalu-
ation. When comparing the initial tree health ratings from the fi rst to the fourth season, only two treatments 
showed an overall increase in tree health, the Brilliant with Anngro sprays and drenches (treatments 5 and 6). 
Trees injected with Avoguard showed no change in overall tree health during the four seasons. 

OBJECTIVES
To compare the effi cacy of phosphonate/bark penetrant trunk application (spray application) as well as soil 
drench to that of trunk injections for the control of avocado root rot under South African conditions. 

INTRODUCTION
Phytophthora cinnamomi is a soil- and water-borne 
plant pathogen with a wide host range throughout 
the world. Phytophthora cinnamomi invades the 
roots and/or collars of its hosts, causing symptoms 
such as root necrosis, cankers and necrotic lesions 
in the trunk and stem, which often leads to shoot-
dieback or crown-death (Zentmyer, 1980). 

Management of this disease relies mainly on 
chemical control, namely with phosphite (H3PO3), a 
neutralised solution of the phosphonate anion (Fenn 
& Coffey, 1984). H3PO3 is not metabolised and can 
remain in the plant tissue for a considerable time, 
months to years, depending on the plant species 
(Guest & Grant, 1991). Invading P. cinnamomi my-
celium may be inhibited by the direct fungistatic ac-
tion of H3PO3, however, H3PO3 concentrations found 
in plant tissues are often well below concentrations 
found to be fungistatic in vitro. Thus, an indirect 
mechanism of action, i.e. host response, must also 

be invoked (Guest & Grant, 1991).  
A study done by Tynan et al. (2001) indicated that 

foliar applications of phosphite remained effective 
for fi ve to 24 months in native Australian plant spp. 
and Shearer & Fairman (2007) showed that when 
Banksia spp. were treated with phosphite, by stem 
injections or foliar sprays, phosphite effectiveness 
persisted two years for foliar applications and four 
years for stem injections. Similar observations with 
cherry trees by Wicks & Hall (1988) indicated that 
the foliar sprays were not as persistent as stem in-
jections, yet they concluded that foliar sprays were 
less phytotoxic and were the most economical means 
for phosphites applications. Fosetyl-Al and potassi-
um phosphonate applied to avocado trees as foliar 
sprays, also indicated prolonged effective levels up to 
eight weeks (Ouimette & Coffey, 1989). 

The use of bark penetrants in combination with 
phosphonates increases the uptake of the chemical 
signifi cantly in woody plant species (McComb et al., 



SOUTH AFRICAN AVOCADO GROWERS’ ASSOCIATION YEARBOOK 39, 201638

2008). Garbelotto et al. (2007) also showed that the 
bark applications on coastal oak to control sudden 
oak death were effective only when a bark penetrant 
was added. The effect of silicon on Phytophthora root 
rot varies and it is not recommended in Australia for 
this purpose (Australian Avocado Industry Report, 
2005 – 2006) whereas Bekker et al. (2007) found 
potassium silicate to have a positive effect on Phy-
tophthora root rot control during dryer periods. 

The following was written in the Australian In-
dustry report (2005-2006) regarding the application 
method: “After the discovery that injection of trees 
with phosphorous acid can inhibit feeder root growth 
if applied at the commencement of root fl ush, we 
compared injections with trunk sprays for control of 
root rot. When injected, most of the phosphorous 
acid travels down to the roots. The concentration in 
the roots is relatively high and, therefore, inhibitory. 
When sprayed onto the trunks, a lower but more con-
sistent supply to the roots, with little or none was 
ending up in the canopy. Levels in the roots are suf-
fi cient to see recovery in severely affected trees.” 

The effi cacy of soil drench applications as found by 
QMS Laboratories™ and the minimal labour involved, 
also prompted an interest in the registration of phos-
phonates as soil drench via irrigation. As mentioned, 
this practice is already in place in some production 
areas and has been done for many years with success 
by some citrus producers. A fear exists that Phytoph-
thora will become resistant against phosphonates if ap-
plied as a soil drench (Lucas McClean, personal com-
munication). This possibility of resistance has been 
investigated by Dobrowolski et al. (2008) in Australia, 
who found that prolonged use of phosphonates in or-
chards does select for isolates of P. cinnamomi less 
sensitive to phosphite in planta. This is indicated by 
more extensive colonisation of phosphite treated plant 
tissue by isolates from orchards than from strains 
where phosphonates had never been used. However, 
the isolates used came from orchards where either 
stem injections or foliar applications have been done. 
The decrease in sensitivity was minor and P. cinnamo-
mi has a low evolutionary potential. Whether soil appli-
cation will enhance this potential is not known and has 

been discussed as early as 1997 (Weinert et al. 1997).  
In earlier work with phosphonates on avocado 

nursery trees in bags, QMS Laboratories™ found the 
ammonium phosphonate superior to potassium phos-
phonate products as a soil drench and was thus also 
suggested by the suppliers as a soil drench (Dr Steve 
Engelbrecht, personal communication). Soil applica-
tion rates will be based on those used in citrus where 
the dosage and number of applications per annum is 
based on canopy size. The maximum application rate 
for a 200 g a.i. per L will not exceed 62 g/tree (old 
big trees) unlike the rate of 2640 g/m2 as suggested 
by Kaiser and Whiley (1998).   

Literature shows that phosphonates can be applied 
to avocado trees effectively as a surface trunk spray 
or soil drench to control Phytophthora root rot when 
mixed with an appropriate penetrant without the 
negative effects of trunk injections. This may have 
huge fi nancial benefi ts to the South African avocado 
industry.  

MATERIALS AND METHODS
The trial was conducted in an avocado orchard in 
Politsi (Limpopo province). The orchard consisted of 
11-year old ‘Hass’ trees that showed signs of decline. 
Soil samples were collected from the trial block and 
were tested for the presence of Phytophthora spp. 
by using the soil bait test. Trees were rated before 
the commencement of treatments and again prior 
to the second trunk injection (18 weeks later). Sin-
gle tree plots were randomised throughout the trial 
sight. Each of the seven treatments (Table 1) were 
replicated eight times. The fi rst round of applications 
commenced on 10 October 2012. Bark sprays and 
soil drenches were applied at six-week intervals (rain 
dependent). The trial was repeated for a second and 
third season, starting October 2013 continuing until 
June 2014 and again from October 2014 until June 
2015. In the second and third season, the Brilliant + 
Link combination was changed to only Brilliant appli-
cations, as it was advised that Brilliant works best on 
its own. The other Brilliant combinations were kept, 
due to promising results. The same trees were used 
for the treatments each season.

Treatment 
number Treatment description Product Application 

method
Active ingredient 

(ml/tree)

1 Untreated control - - -

2 Trunk injections Avoguard Injections 3 x 5 ml

3 Brilliant (1X) + Link (1X) Brilliant 300SL + Link Bark spray 17 + 0.3 in 300 ml water

4 Brilliant (2X) + Link (2X) Brilliant 300SL + Link Bark spray 34 + 0.6 in 300 ml water

5 Brilliant (1X) + AnnGro (1X) Brilliant 300SL + 
AnnGro Bark spray 17 + 0.7 in 300 ml water

6 Brilliant (1X) + AnnGro (1X) Brilliant 300SL + 
AnnGro Soil drench 24 + 1 in 10 L water

7 Brilliant (1X) + 
FoliarComplex

Brilliant 300SL + 
FoliarComplex Soil drench 24 + 4.8 in 10 L water

Table 1. Treatments and dosage rates applied throughout the trial block.  
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Soil collected from the trial block tested positive for 
the presence of Phytophthora spp.. Trees were ini-
tially rated on 8 October 2012, before treatments be-
gan. Ratings range from 0-10, with 0 being optimum 
tree health and 10 being tree death. Trees were rated 
18 weeks later (Fig. 1).

RESULTS AND DISCUSSION
The ratings done before applications started, ranged 
from 4.25 to 5.25 for all the treatments. After 18 
weeks tree improvement/decline could be observed. 
The untreated control was the only treatment where 
the overall average tree rating increased (from 4.63 
to 4.88), indicating a decline in tree health. All other 
treatments showed that phosphonate applications 
(injections, bark sprays and soil drenches) improved 
tree health, with rating values decreasing between 
0.125 and 0.875 (Fig. 2). Treatments that differ sig-
nifi cantly from each other are indicated by different 
letters. Treatment 1 differs signifi cantly from treat-
ments 3 and 7, although none of the other treat-
ments differ signifi cantly from each other.

Figure 1. Comparison of tree health ratings before treat-
ments and 18 weeks into the treatment programme. 

Figure 2. Change in tree health from beginning of season 
to 18 weeks into the phosphonate treatments. 

 

When comparing tree ratings from the end of season 
one and the beginning of season two, two treatments 
showed a decline in ratings. Treatments 4 and 6 
show slightly lower tree ratings in season two than in 
season one. Treatments 1, 2, 3 and 7 showed higher 
ratings (health decline) in season two than in season 
one, with treatment 5 having the highest increase in 

tree rating between the two seasons (Fig. 3). 
Only treatments 4 and 6 showed a decrease in tree 

ratings. Treatment 4 decreased from 3.750 to 3.125 
and treatment 6 decreased from 4.0 to 3.625. The 
rest of the phosphonate treatments and the untreat-
ed control showed a decrease in tree health, with 
rating values that increased between 0.125 and 0.5 
(Fig. 4). There were statistically, however, no signifi -
cant differences between ratings at the end of season 
one and the start of season two. 

Figure 3. Comparison of tree health between the end of 
season one and the beginning of season two. 

Figure 4. Change in tree health from the end of season 
one to the beginning of season two. 

In season two all the treatments, except treatments 2 
and 5 which remained constant, showed an increase 
in tree ratings. This indicates that the overall tree 
health for most of the treatments declined. The 
decline in tree health could be a due to increased 
environmental stress experienced during the season, 

Figure 5. Comparison of tree health ratings taken at the 
beginning and in the middle of season two.
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such as extended wet periods (Fig. 5). No signifi cant 
differences were found between the rating at the 
start and in the middle of the second season.

A month after the fi nal phosphonate treatments 
were applied, the trees were evaluated and rated for 
the last time in the second season. Ratings from the 
beginning of the second season were compared to 
those from the end of the second season. As shown in 
Figure 6, tree ratings of all the treatments increased. 
The average rating for the untreated control in-
creased from 4.5 to 6.25. Treatment 2 had the lowest 
rating increase, with average tree rating from 3.75 
to 4.875, thus increasing by only 1.125. Treatment 3 
increased from 3.25 to 4.625, treatment 4 increased 
from 3.125 to 4.75 and treatment 5 increased from 
4.5 to 5.875. Treatments 6 and 7 showed the second 
highest and highest increase in average tree rating, 
respectively. Treatment 6 increased from 3.625 to 
5.625 and treatment 7 increased from 3.625 to 5.75. 

Ratings indicated no signifi cant differences be-
tween treatments. This was again seen at the end 
of season two. There was a signifi cant difference be-
tween the average tree ratings at the start and the 
end of the season. The decline in tree health conti-
nued from the start of the second season gradually 
until in the middle of the season, after which overall 
tree health of all the treatments declined drastically. 
The change in tree ratings is shown in Figure 7. 

Figure 6. Comparison of tree health ratings taken at the 
beginning and end of season two. 

Figure 7. Change in tree health from the beginning until 
the end of season two.  

Comparisons between the average tree ratings at 
different stages of the two seasons were summarised 
in Figure 8. Ratings at the end of season one and 
the beginning of season two were not signifi cantly 
different, although all the treatments showed an 
increase in tree ratings, indicating that tree health 
declined. The ratings at the end of season two are 
signifi cantly different from those made at the end of 
season one and the beginning of season two. 

Figure 8. Comparison of tree health ratings taken at the 
end of season one and beginning and end of season two. 

The fi nal rating evaluation was made near the end of 
harvest (a very dry period), a month after the last 
phosphonate treatments were applied. These factors 
most likely play a role in the sudden decline in tree 
health. 

At the start of the third season, the trees were 
evaluated again and a decrease in tree health ratings 
was noted for all the treatments (Fig. 9). The changes 
in tree ratings are indicated in Figure 10. Treatment 6 
showed the highest decline in rating, indicating that 
these trees improved the most in health (42.9%). 
This difference was not signifi cant when compared to 
the treatment with the lowest decline in tree rating or 
any of the other treatments. Treatment 5 showed the 
lowest decline in tree rating (24.2%). The percentage 
improvement in tree health for each treatment is 
indicated in Figure 11.  

Figure 9. Comparison of tree health ratings taken at the 
end of season two and beginning of season three. 



SOUTH AFRICAN AVOCADO GROWERS’ ASSOCIATION YEARBOOK 39, 2016 41

Figure 10. Change in tree health from the end of season 
two and beginning of season three. 

From the beginning of season three to the end of 
the season, tree health declined severely and at the 
end of the season the trees were harshly pruned. 
The drought and extreme disease pressure appeared 
to be too much for the trees to handle. The data 
collected during this season indicated that treatment 
7 showed the lowest decline in overall health 
compared to the other treatments. This treatment 
has had a lower overall tree health than most of the 
other treatments throughout the course of the trial. 
Treatment 4, however, showed the highest decline 
in tree health after being pruned. The tree health 
rating comparisons are shown in Figure 12, change 
in ratings in Figure 13 and the overall percentage 
decline in health in Figure 14.  

Figure 11. Percentage improvement in tree health from 
end of season two and beginning of season three.

To monitor the improvement of the trees, after 
pruning, evaluations were continued monthly for 
the fi rst half of a fourth season. At the start of the 
season there was already a clear improvement in the 
overall condition of the trees. Treatment 3 showed 
the highest decrease in tree rating, thus the highest 
improvement of tree health. Treatments 5, 2 and 6 
followed closely behind. The treatment with lowest 
improvement was treatment 7 followed by treatment 
1 and 4. The differences between the treatments 
were signifi cantly different. Figure 15 illustrates the 
comparison in tree ratings, while Figure 16 shows 
the overall change in ratings and Figure 17 the 
percentage improvement in tree health.  

Figure 12. Comparison of tree health ratings taken at the 
beginning and end of season three.

Figure 13. Change in tree health from the beginning to 
end of season three. 

Figure 14. Percentage improvement in tree health from 
the beginning and end of season three.

Figure 15. Comparison of tree health ratings taken at the 
end of season three and beginning of season four.
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The trend of improvement in overall condition 
continued and by the last evaluation it was clear that 
treatment 4 improved the most in tree health, as 
the tree ratings for this treatment was much lower 
than at the start of the season (Fig. 18). It differed 
signifi cantly from treatments 7, 3 and 2 which were 
the treatments with the least improvement in tree 
health. The changes in these ratings are illustrated 
in Figure 19 and the percentage improvement in tree 
health per treatment in Figure 20.  

Figure 16. Change in tree health from the end of season 
three to the beginning of season four. 

Figure 17. Percentage improvement in tree health the 
end of season three to the beginning of season four.

Throughout the season a gradual decline was 
observed in all trees, until the trees were pruned. 
This gradual decline is illustrated in Figure 21. The 
decline in tree health peaked at the end of the third 
season and tree health steadily improved after the 
severe pruning.

CONCLUSION
When comparing the initial evaluations to the fi nal 
evaluations it can be concluded that treatment 6, a soil 
drench containing Brilliant and AnnGro, was the best 
treatment to improve tree health and aid in recovery of 

Figure 18. Comparison of tree health ratings taken at 
the beginning to end of season four. 

Figure 19. Change in tree health from the beginning to 
end of season four.  

Figure 20. Percentage improvement in tree health from 
the beginning to end of season four. 

Figure 21. Gradual decline of tree health. 
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heavily stressed trees (Fig. 21). From the start of the 
trial until the end, this treatment resulted in a 16.25% 
improvement in tree health over approximately four 
seasons. Application of treatment 5, a bark spray 
containing Brilliant and AnnGro, resulted in a 3.13% 
improvement in tree health. The rest of the treatments 
showed an overall decline in tree health. Treatment 2, 
the Avoguard stem injections, showed a very slight 
decrease in tree health by 0.63%, although there 
was no difference in the overall ratings. Treatment 
4 had a slightly higher decrease in tree health. The 
double strength application of Brilliant as a bark spray 
showed a 1.25% decrease in tree health. Treatment 
7, Brilliant and Foliar Complex soil drench showed 
a 3.75% decrease in tree health and treatment 3, 
single strength Brilliant bark spray, showed a 3.96% 
decrease in tree health. Treatment 1, the untreated 
control, showed the highest decrease in tree health 
with a decline of 5.63%.

Recommendations 
When treating heavily infected orchards, especially 
older orchards, it is advised to start with a double 
strength Brilliant soil drench or stem spray. Be 
aware that the double strength application should 
not be applied near harvest time, due to the risk of 
exceeding acceptable MRLs. As shown in this trial, 
the addition of AnnGro to the soil drench can be very 
advantageous. Follow up applications of Brilliant as 
a stem spray or drench should follow every 4 to 6 
weeks. If disease pressure seems to be very high, 
then monthly applications are advised. 

ACKNOWLEDGEMENTS
We thank the Southern African Avocado Growers’ 
Association for fi nancially supporting this project 
as well as Tony and Graeme Lunt for allowing us to 
conduct the trial on Boschoek Farm. 

REFERENCES
BEKKER, T.F., LABUSCHAGNE, N., AVELING, T.D. 

& KAISER, C. 2007. Effi cacy of water soluble 
potassium silicate against Phytophthora root rot 
of avocado under fi eld conditions.  South African 
Avocado Growers’ Association Yearbook 30: 39-38.

DOBROWOLSKI, M.P., SHEARER, B.L., COLQUHOUN, 
I.J., O’BRIEN, P.A. & HARDY, G.E.S.T.J. 2008. 
Selection for decreased sensitivity to phosphite 
in Phytophthora cinnamomi with prolonged use of 
fungicide. Plant Pathology 57: 928-936.

FENN, M.E. & COFFEY, M.D. 1984. Studies on the in vitro 
antifungal activity of Fosetyl-Al and phosphorous 
acid. Disease Control and Pest Management 74: 
606-11.

GARBELOTTO, M., SCHMIDT, D.J. & HARNIK, T.Y. 
2007. Phosphite injections and bark application of 
Phosphite +Pentrabark™ control sudden oak death 
in coast live oak. Arboriculture & Urban Forestry
33(5): 309-317. 

GIBLIN, F., PEGG, K., THOMAS, G., WHILEY, A., 
ANDERSON, J. & SMITH, L. 2007. Phosphonate 
trunk injections and bark sprays. Proceedings VI 

World Avocado Congress (Actas VI Congreso Mundial 
del Aguacate) 2007. Viña Del Mar, Chile. 12 to 16 
November 2007. ISBN No 978-956-17-0413-8. 

GIBLIN, F., PEGG, K., WILLINGHAM, S., ANDERSON, 
J., COATES, L., COOKE, T., DEAN, J. & SMITH, L. 
2005. Phytophthora revisited. New Zealand and 
Australia Avocado Grower’s Conference ’05. 20 to 22 
September 2005. Tauranga, New Zealand.

GUEST, D. & GRANT, B. 1991. The complex action 
of phosphonates as antifungal agents. Biological 
Reviews of the Cambridge Philosophical Society 66: 
195-87.

KAISER, C. & WHILLEY, A.W. 1998. Effects of 
phosphonate soil drenching on avocadoes. Talking 
Avocados 9(1): 15.

MCCOMB, J.A., O’BRIEN, P., CALVER, M., STASKOWSKI, 
P., JARDINE, N., ESHRAGHI, L., ELLERY, J., GILOVITZ, 
J., SCOTT, P., O’BRIEN, J., O’GARA, E., HOWARD, 
K., DELL, B. & HARDY, G.E.S.T.J. 2008. Research 
into natural and induced resistance in Australian 
native vegetation of Phytophthora cinnamomi and 
innovative methods to contain and/or eradicate 
within localised incursions in areas of high biodiversity 
in Australia. Enhancing the effi cacy of phosphite with 
the addition/supplementation of other chemicals 
such as those known to be involved in resistance. 
Prepared by the Centre for Phytophthora Science 
and Management for the Australian Government 
Department of the Environment, Water, Heritage 
and the Arts.

OUIMETTE, D.G. & COFFEY, M.D. 1989. Phosphonate 
levels in avocado (Persea americana) seedlings and 
soil following treatment with fosetyl-Al or potassium 
phosphonate. Plant Disease 73: 212-5.

SHEARER, B.L. & FAIRMAN, R.G. 2007. Application of 
phosphite in a high-volume foliar spray delays and 
reduces the rate of mortality of four Baksia species 
infected with Phytophthora cinnamomi. Australian 
Plant Pathology 36: 358-68.

SMITH, L.A., 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. 

TYNAN, K.M., WILKINSON, C.J., HOLMES, J.M., DELL, 
B., COLQUHOUN, I.J., MCCOMB, J.A. & HARDY, 
G.E.J. 2001. The long-term ability of phosphite to 
control Phytophthora cinnamomi in two native plant 
communities of Western Australia. Australian Journal 
of Botany 49: 761-70. 

WEINERT, M.P., DRENTH, A., SOO, S.H., IRWIN, J.A.G. 
& PEGG, K.G. 1997. Different phosphorous acid 
sensitivity levels in Phytophthora cinnamomi isolates 
from treated and untreated avocado trees. In 
Proceedings of Australasian Plant Pathology Society, 
11th Biennial Conference. p.35. 

WICKS, T.J. & HALL, B. 1988. Preliminary evaluation 
of phosphorous acid, fosetyl-Al and metalaxyl for 
controlling Phytophthora cambivora on almond and 
cherry. Crop Protection 7: 314-8.

ZENTMYER, G.A. 1980. Phytophthora cinnamomi and 
the diseases it causes. St. Paul, MN, USA: APS Press.


