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CHAIRMAN’S 
REPORT 2019

2018 will go down as a watershed in the history of the South African Avocado 
Growers’ Association (SAAGA), with a record export crop of 20,8 million 4 kg cartons, 
beating the previous high of 14,8 million by some margin. The South African avocado 

industry has also started to move into the realm of 12-months supply, with some growers 
 fi nishing off their 2018 crop whilst others start 2019’s harvest. 

With the 2018 volumes also came the reality 

of oversupply, and has reinforced the risk of 

being Eurocentric in our approach to marketing. 

Market access remains SAAGA’s top priority, with 

a large portion of the budget and resources being 

directed at opening new markets. In most cases, 

market access moves slowly at governmental level, 

to this end fellow Board member and SAAGA’s 

incoming Chairman Sizwe Magagula has joined the 

SAAGA Market Access Steering Committee and is 

currently working on forming relationships at senior 

governmental level. As a Board we feel that this 

will be key to unlocking and fi nalising steps to new 

market access. 

We are excited to announce the launch of the SAAGA 

Avocado Production Guide, an application that has 

been developed by our Technical team with the 

assistance of Dr Elsje Joubert. I would like to thank 

all for the completion of this project. Besides practical 

production and technical information, the app will 

also be used as a communication platform to keep 

growers up to speed regarding important industry 

events and information, such as developments on 

market access, study group dates, transformation 

and marketing. 

Local market development remains a priority on our 

Key Performance Area (KPA) radar, and the Board is 

confi dent that Protactic are the right partners to as-

sist in achieving our goals in the development of this 

important sector. 

Transformation initiatives such as internship 

programmes, student bursaries, mentorship of 

emerging farmers, involving emerging farmers at our 

commercial study groups, and highlighting successful 

transformation projects within the avocado industry 

will remain, and gain increasing importance on the 

SAAGA budget and agenda. 

The importance of our regional study groups has 

been highlighted on many occasions. I would like to 

thank the Area Directors, Subtrop technical staff, as 

well as the various study groups and technical com-

mittees for raising the bar during 2018. 

The Board believes that the current Subtrop staffi ng 

structure is robust and fl exible enough to achieve 

our stated KPA’s. We are, however, aware that tech-

nical team visibility is lacking in some of our produc-

tion regions and will be addressed during 2019. 

Our 2018 SAAGA income exceeded expectations, 

in the main due to our record crop and, despite 

SAMAC’s exit from within the Subtrop umbrella, our 

Association fi nds itself in a healthy position. 

I would like to thank the Subtrop staff for the ef-

fort that they put in to keep SAAGA ahead of the 

pack. I would also like to thank the Area Directors, 

who ensure that their regions are well represented 

at SAAGA Board level. A special thank you must go 

to Kosie Eloff who is stepping down after serving on 

the SAAGA Board for the last 10 years.

To our members, thank you for your continued sup-

port, and helping to maintain the high standards 

that are expected of a “mature” association. 

Lastly, congratulations to Sizwe Magagula, our in-

coming Chairman, and to Clive Garrett who assumes 

the role of Vice Chairman. 

Athol Curri
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ABSTRACT

Phosphonate foliar sprays are used for managing Phytophthora root rot (PRR) on avocado caused by Phytoph-

thora cinnamomi (Pc). In South Africa, the only phosphonate products registered for PRR control include potas-

sium phosphonate trunk injections and alkyl phosphonate foliar sprays (Aliette®). The latter is not economically 

feasible due to the high production cost. Although trunk injections are effective against PRR, application cost 

has steadily increased due to increasing labour costs, especially for high density orchards. Trunk injections, 

furthermore, when applied according to registration labels, can result in exceedances of the maximum residue 

level (MRL) of fosetyl-Al in fruit set by the European Union (EU). Potassium- and ammonium phosphonate 

foliar sprays were therefore evaluated in two seasons in South Africa as an alternative to trunk injections. Root 

phosphite concentrations (breakdown product of phosphonates in plants) achieved in orchard trials with foliar 

sprays were comparable to those obtained with trunk injections. However, towards the end of the season, foliar 

sprays can sometimes yield root phosphite concentrations that are lower than those from trunk injections. This 

observation was further investigated in the 2017/18 trials by quantifying Pc in tree roots, which showed that 

foliar sprays were comparable in effi cacy to trunk injections towards the end of the season. Application of foliar 

sprays (ammonium and potassium) only in autumn consistently resulted in fruit residues that were below the 

EU MRL in research trials, whereas registered trunk injection applications did not. Foliar sprays should only be 

applied after harvest, and not during the fruiting period, in order to avoid exceeding the EU MRL. Two phospho-

nate products that have been evaluated for registration as foliar sprays include Fighter 350® (potassium phos-

phonate) and Brilliant® (ammonium phosphonate). Orchard trials in the 2017/18 trials showed that for both 

formulations four and fi ve 0.5% a.i. (phosphorous acid) sprays were comparable. Foliar spray volumes required 

per hectare should be calculated using the Unrath tree row formula. The pH of sprays must be adjusted to 7.2 

using potassium hydroxide in order to avoid phytotoxicity.

Using phosphonate foliar sprays 
for managing Phytophthora 

root rot in avocado

A McLeod1, SL Masikane1, P Novela2, P Mohale2, JB Jolliffe1 and P Pieterse2

1Stellenbosch University, Department of Plant Pathology, 
Private Bag X1 Stellenbosch 7602, SOUTH AFRICA 

2Bertie Van Zyl (Edms) Bpk, Mooketsi, SOUTH AFRICA

E-mail: adelem@sun.ac.za

INTRODUCTION

Phosphonate fungicides are very effective against 

Phytophthora root rot (PRR), caused by Phytophtho-

ra cinnamomi (Pc) in avocado. Different phosphonate 

formulations are available, including ammonium-, 

potassium-, alkyl- and calcium phosphonates. Of 

these formulations, an alkyl phosphonate (Aliette®) 

was the fi rst registered product on the market for 

managing PRR on avocado (Darvas et al., 1984; Pegg 

et al., 1987). Subsequently, due to cost implica-

tions, potassium phosphonate has become the most 

widely used phosphonate formulation for managing 

PRR in South Africa, which is used as trunk injections 

(McLeod et al., 2018). In addition to potassium phos-

phonate products (Avoguard®, Fighter® and Rootmas-

ter 98®) being registered as trunk injections in South 

Africa on bearing avocado trees, Aliette® is also reg-

istered as a foliar spray. Potassium- and ammonium

phosphonates are not registered as foliar sprays in 

South Africa on avocado. 

In Australia, potassium phosphonate foliar 

sprays, rather than trunk injections, are most widely 

used for the preventative management of PRR. The 

curative use of foliar sprays is not advised for or-

chards that are in an advanced stage of PRR decline 

since sparse canopies cannot take up foliar sprays 

effectively. Foliar sprays were initially registered as 

0.1% a.i. (phosphorous acid) sprays in Australia, 

but these were ineffective when used commercially 

(Whiley et al., 2001). Therefore, an emergency use 

permit was obtained for 0.5% a.i. sprays. Subse-

quently, Agriphos 600® has been registered on ma-

ture bearing trees in Australia as 0.5% a.i. sprays 

applied at 2000 to 3000 L/ha. Not more than fi ve 

applications may be made annually (https://portal.

apvma.gov.au). 
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Spray volume = tree height × tree canopy diameter x 900

row width

In avocado, the time of year 

during which phosphonates are 

applied is based on periods when 

roots act as  a sink since phos-

phonates are translocated in a 

source-sink manner. Applications 

are made twice annually, following 

the hardening off of the summer 

foliar fl ush (fall application) and 

spring foliar fl ush (summer ap-

plication), since in avocado a root 

fl ush follows a foliar fl ush (Whiley 

et al., 1995). The presence of 

small fruits during summer appli-

cations is most likely the cause of 

high fruit residues that can result 

in an exceedance of the European 

Union (EU) MRL for fosetyl-Al (50 

mg/kg) (McLeod et al., 2018). 

Stellenbosch University and 

ZZ2 have been conducting or-

chard trials for assessing the effect 

of foliar sprays on root phosphite 

concentrations and fruit residues 

over two seasons (2016/17 and 

2017/18). Trials were also con-

ducted in the 2018/19 season, 

but the data is still pending. The 

overall aim of the trials were to 

obtain data for registering foliar 

sprays on bearing avocado trees 

for the preventative management 

of PRR in South Africa.   

MATERIALS AND METHODS

Orchard trials

Ammonium- and potassium foliar

sprays were evaluated for two 

seasons (2016/17 and 2017/18) 

in two production regions (Moo-

ketsi and Letaba). One trial was 

conducted in each region for each 

season, totaling four trials. In 

each season, various foliar spray 

treatments were evaluated as 

previously described (Masikane et 

al., 2018; McLeod et al., 2018). 

All foliar sprays were applied as 

0.5% a.i. (phosphorous acid) 

sprays, of which the pH was ad-

justed to 7.2 using potassium hy-

droxide. For Fighter 350® a 0.5% 

a.i. spray consisted of 1.4 L pro-

duct/100 L and for Brilliant® it was 

1.7 L product/100 L. The number 

of foliar sprays that were evalua-

ted consisted of four or fi ve week-

ly sprays in fall after harvest and 

summer (2016/17 trials) or only 

after harvest (2017/18 season); 

not more than fi ve sprays per 

season. Spray volumes required 

per hectare were determined using the tree-row-volume (TRV) Unrath 

formula (Unrath, 1986): 

Figure 1. Root phosphite concentrations in avocado orchard trees, which re-
ceived different phosphonate treatments. The 2% ammonium- (Brilliant®) and 
2% potassium- (Fighter 350®) phosphonate foliar spray treatments each con-
sisted of four 0.5% a.i. sprays, whereas the 2.5% treatments consisted of fi ve 
0.5% a.i. sprays applied only in fall. The 1 g a.i./m2 and 0.6 g a.i./m2 trunk 
injection treatments consisted of trunk injections made at the curative- (0.5 g 
a.i./m2) or preventative (0.3 g a.i./m2) dosages respectively in fall and sum-
mer. Line points followed by “ * ” differed signifi cantly (P > 0.05) from the 
curative trunk injection treatment.  

Depending on the season, sprays were applied in fall and summer 

(2016/17 season), or only in fall after harvest (2017/18 season). 

Root phosphite concentrations

Root samples were taken at each of the four orchard trials at several 

time points post application. Root phosphite was extracted and quanti-

fi ed as previously described (McLeod et al., 2018). 

Quantifi cation of Pc from roots

Pc was quantifi ed from roots at 4- and 46-weeks post fall applications, 

only for the two trials conducted in the 2017/18 season. Quantifi cations 

were conducted using a leaf baiting technique as previously described 

(Masikane et al., 2018). 

Fruit residues 

Fosetyl-Al residues in fruit from the four orchard trials were analyzed 

by an accredited laboratory (Hearshaw and Kinnes analytical laboratory 

(Pty) Ltd, Tokai, South Africa).  

RESULTS

Root phosphite concentrations

In all four trials conducted in both seasons (2016/17 and 2017/18), the 

general trend was that root phosphite concentrations declined following the 

application of foliar sprays and trunk injections (data not shown). Treat-

ments that were applied in summer, but not for those applied only in fall, 

resulted in a slight increase in root phosphite following the summer applica-

tions. A representative graph of the temporal nature of phosphite concen-

trations in tree roots for the four trials is shown in Figure 1.  
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Quantifi cation of Pc from roots

Quantifi cation of Pc from roots in 

the 2017/18 trials showed that all 

phosphonate treatments (trunk 

injection and foliar sprays) had a 

lower percentage of leaf disks col-

onized by Pc than the untreated 

control at 4-weeks post application. 

At 46-weeks post application, the 

untreated control had the highest 

percentage of Pc infected leaf disks, 

followed by the fi ve Brilliant® foliar 

spray treatment. The percentage 

of leaf disks colonized by the re-

maining phosphonate treatments 

were lower than the untreated con-

trol and comparable for the differ-

ent treatments at 46-weeks post 

application (Fig. 2). There were, in 

general, no signifi cant differences 

in root phosphite concentrations 

obtained with four versus fi ve foliar 

sprays (data not shown). 

Fruit residues

In both seasons, fruit residues 

resulting from trunk injections 

sometimes exceeded the MRL 

(Fig. 3). Both formulations of the 

foliar sprays (four or fi ve 0.5% a.i. 

sprays) did not result in exceed-

ances of the MRL in the four tri-

als (Fig. 4). How ever, application 

of Brilliant® in the 2016/17 trials 

as a split application in fall (three 

sprays) and summer (1 spray) re-

sulted in a near exceedance of the 

MRL for one of the 12 replicates 

in the trials. In the 2017/18 sea-

son when all sprays were applied 

only after harvest in fall, no near 

exceedances of the MRL occurred. 

Brilliant®, in general, resulted in 

higher fruit residues than Fighter 

350® foliar sprays.  

DISCUSSION

The current study, similar to a 

previous study (McLeod et al., 

2018), found that trunk injections 

applied according to registration 

labels in South Africa can result 

in exceedances of the EU MRL 

for fosetyl-Al in avocado fruit. In 

contrast, ammonium- (Brilliant®) 

and potassium- (Fighter 350®) 

phosphonate foliar sprays did 

not result in exceedances of the 

EU MRL. A split application of 

foliar sprays (3 sprays in fall + 

1 spray in summer), as used in 

the 2016/17 season, tended to 

Figure 2. Phytophthora cinnamomi (Pc) quantities in avocado tree roots 4- 
(June 2017) and 46-weeks (March 2018) after application of different phospho-
nate treatments in fall (foliar sprays) or fall and summer (trunk injection). Pc 
quantities were determined using a root baiting technique, where Pc is quanti-
fi ed based on the percentage of lemon leaf disks infected by Pc. Results are the 
average of two trials that were conducted in the 2017/18 season. Treatments 
were as described in Figure 1. 

Figure 3. Fosetyl-Al residues (mg/kg) in avocado fruit harvested from orchard 
trials receiving trunk injections that were applied at the curative dosage (0.5 
g a.i./m2) or the preventative dosage (0.3 g a.i./m2) in fall and summer in 
the 2016/17 and 2017/18 production seasons. In die 2016/17 season, trunk 
injections were also applied only in fall after harvest at 1 g a.i./m2. Fruit 
residues enclosed by one bracket are from six replicates from each of two 
trials (Mooketsi and Tzaneen) of the same treatment. The red line indicates the 
European Union 50 mg/kg MRL. 

yield higher fruit residues than only fall applications. This is likely due 

to the fact that small fruits are present on trees during summer, which 

serve as a strong sink for phosphite in addition to roots being a sink 

in summer. Therefore, foliar sprays should only be applied in fall after 

harvest to reduce the risk of exceeding the EU MRL. The ammonium 

phosphonate formulation (Brilliant®) in general resulted in higher fruit 

residues than the potassium phosphonate formulation (Fighter 350®). 

This is in agreement with a previous study (McLeod et al., 2018) where 
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SO MUCH MORE...
At Halls, we are so much more than just your trusted partner from tree to shelf. At Halls, we care. 
We are passionate about growing and caring for our community, our people, our produce and our 
partners with a focus on sustainable farming which has been a part of our DNA since the very 
beginning. 

We believe that every farmer should have access to quality avocado trees. Through Du Roi and 
our collective experience and passion, as well as our pioneering and innovative approach, our 
clonal tree nursery is flourishing. 
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Figure 4. Fosetyl-Al residues (mg/kg) in avocado fruit harvested from orchard 
trials where Brilliant® (ammonium phosphonate) or Fighter 350® (potassium 
phosphonate) foliar sprays were applied. Fruit residues enclosed by one brack-
et are from six replicates of the same treatment from each of two trials (Tza-
neen and Mooketsi). The red line indicates the European Union 50 mg/kg MRL. 

phosphite concentrations in roots and fruit were higher for ammonium- 

than for potassium phosphonate sprays.  

Phosphonate foliar sprays (both formulations) were shown to be as 

effective as trunk injections in two seasons. This was evident from 

measuring root phosphite concentrations and Pc root quantities. Root 

phosphite is considered as a reliable method for assessing phosphonate 

treatment performance (Thomas, 2001, 2008). Although root phosphite 

concentrations from foliar sprays declined toward the end of the season 

and were sometimes lower than that of trunk injections, Pc root quan-

tifi cations showed that this did not result in a reduction in pathogen 

suppression by foliar sprays. It is likely that since phosphonates are 

increasingly being reported to function as resistance inducers (Jackson 

et al., 2000; Massoud et al., 2012), that root phosphite concentrations 

at the start of the season were suffi cient for inducing long lasting resis-

tance in tree roots. The root baiting method was useful for quantifying 

Pc and showed that quantifi cations conducted in June at 4-weeks post 

application in the untreated control trees yielded higher Pc quantities 

than quantifi cations made in March at 46-weeks post application. This 

is because Pc root quantities have been found to be peak in May, with 

quantities being the lowest in March (Jolliffe, 2019). Since Pc root infec-

tions seem to only peak after harvest, management practices should be 

optimal during this period in order to suppress PRR. 

Future research will focus on further improving Pc quantifi cation meth-

ods from avocado roots. Improved Pc quantifi cation methods can assist 

with the evaluation of phosphonate treatment effects, which is important 

in addition to assessing root phosphite concentrations. The effect of time 

of phosphonate application after harvest on fruit residues and root phos-

phite concentrations will also be investigated. In the current study, foliar 

sprays were applied directly after harvest, however, this may not always 

be practical for growers. Therefore the effect of applications starting 2, 4 

and 6 weeks after harvest will also be investigated. 
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ABSTRACT  

Cercospora spot of avocados, caused by Pseudocercospora purpurea, is one of the most severe pre-harvest 

fungal diseases in South Africa. A forecasting model, developed in the early 1980s, is currently used in the 

South African avocado industry to predict when spore release occurs as well as the optimum time for the fi rst 

spray. Due to climate change, it is however crucial to re-evaluate this model. The aim of this study was to 

determine if the current prediction model is still valid for forecasting the fi rst spray for effective control. The 

second aim was to refi ne the existing model by considering the effect of humidity and/or leaf wetness as deter-

mining factors for spore release. In the 2017/18 season, spore traps were positioned in an unsprayed ‘Fuerte’ 

orchard at both Halls and Agricultural Research Council – Tropical and Subtropical Crops (ARC-TSC) (Nelspruit 

area) and in the 2018/19 season only in the ARC-TSC orchard. Spore traps consisted of petroleum jelly-coated 

slides held both horizontally and vertically. Slides were changed and examined hourly, daily and weekly. To 

determine the critical infection periods, a bagging trial was carried out at the Halls site (2017/18 season) and 

at the ARC-TSC site (2018/19 season). Fruit were covered with paper bags at the beginning of the season be-

fore fruit became susceptible. Thirty to fi fty bags were removed and replaced every fortnight in both seasons 

to allow infection. At harvest, fruit were evaluated for the presence of Cercospora spot. Weather data were 

correlated with spore trapping and disease index data in order to develop a forecasting model. A very good cor-

relation was found between weekly conidia trapped and weekly rainfall. Disease index values showed highest 

correlation with maximum humidity. No signifi cant correlations were found with any other weather parameter. 

Several new models were developed. Models need to be used in combination with monitoring of fruit size to 

determine correct timing of fi rst sprays. Models will be further refi ned with the inclusion of the 2018/19 sea-

son’s data. The best model developed will be used to determine high-risk infection periods, enabling accurate 

and more cost-effective timing of fungicide sprays.

Validating spray timing 
for Cercospora spot

MH Schoeman1 and R Kallideen1, 2

1Agricultural Research Council – Tropical and Subtropical Crops,
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INTRODUCTION

From a quality point of view Cercospora spot or 

black spot is the most important avocado fruit dis-

ease. Although not particularly affecting the fl esh, it 

can cause losses of up to 70% on unsprayed trees 

(Darvas and Kotze, 1987). According to the SAAGA 

Loss Factor Benchmark Report of 2017, the total loss 

across the industry for fruit delivered at the pack 

house due to Cercospora spot was 3% and for the 

‘Fuerte’ cultivar specifi cally, 9%. 

The fi rst spray of the season during a normal rain-

fall year is the most important spray. The accurate 

timing of this spray and good coverage of fruit will 

determine how successful control will be for that par-

ticular season. Various factors, such as temperature, 

rainfall and fruit size, play a role in determining when 

the fi rst spray should commence. Control is therefore 

most effective when weather conditions which affect 

spore release are monitored. A fi x spray programme 

is not recommended. 

In the early 1980s, Dr Darvas developed a pre-

dictive model to forecast the number of conidia in a 

given area (Z value) as well as the optimum timing 

of the fi rst spay (Darvas, 1982). The current model is 

Z = -58.99 + 3.22x (Mean weekly temp.) + 0.18y (week-

ly rainfall in mm). If Z is ≥0, spore release occurs and if 

Z ≥20, the potential for infection is high. According to 

the Subtrop orchard management schedule for ‘Fuerte’, 

fi rst copper sprays should commence when fruit are 

≤2.5 cm in diameter or Z ≤15 (Campbell, 2016). 

Due to climate change it is necessary to re-inves-

tigate the existing models. New models need to be 

developed and possibly include more weather pa-

rameters such as humidity/leaf wetness. Lately, ex-

tremely high temperatures resulted in a Z value ≥15 

without any rain, resulting in incorrect prediction of 

spore release and inaccurate timing of sprays.  

OBJECTIVE

The objective of the study was to determine if the 

equation developed by Darvas (1982) is still a valid 

model for forecasting spore release and the timing 

of the fi rst spray for effective control of Pseudocer-

cospora purpurea. The second objective was to con-
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sider including humidity and/or leaf wetness in the 

formula as a determining factor.  

MATERIALS AND METHODS

Spore trapping: 2017/18 season

The trial was carried out in an unsprayed ‘Fuerte’ 

orchard at both ARC-TSC and Halls in the Nelspruit 

area. Four spore traps were placed at each of the 

two sites. The ‘Fuerte’ orchard at the ARC-TSC had 

a very high disease incidence as it had not received 

any copper sprays for several seasons. Two of the 

four spore traps had four vaseline-coated slides held 

horizontally and two had four slides held vertically 

facing the four different wind directions. Slides were 

held in position with clothes pegs attached to the end 

of two metal strips fi xed at right angles to one an-

other, on top of a 1.5 m pole.

During the 2017/18 season, spore release in the 

ARC-TSC orchard was monitored from 6 September 

2017. Slides were changed weekly on the four traps 

and additionally, daily, on the two horizontal traps 

from 27 November to 22 December and from 9 Janu-

ary to end of February. For the daily spore trapping, 

4 additional clothes pegs were added onto the hori-

zontal traps to hold these slides. In November 2017, 

for a 10-day period (12 November to 21 November), 

slides were changed on an hourly basis from 23:00 in 

the evening until 03:00 in the morning. 

Reading of the slides was carried out using methyl 

blue dissolved in water at 0.05% [m/v] as a stain for 

P. purpurea spores. 

In the 2017/18 season, weather data were ob-

tained from the ARC-TSC weather station for the 

ARC-TSC site and Hobo sensors were placed at the 

Halls site to record temperature and humidity. Ad-

ditional weather data were obtained from the near-

est weather stations. At the ARC-TSC site an EM50 

data logger was placed in the orchard to record leaf 

wetness. Weather data were correlated with spore 

trapping data. 

Spore trapping 2018/19 season 

During the 2018/19 season, two spore traps were 

placed in the ‘Fuerte’ orchard at ARC-TSC (Fig. 1) 

from September 2018. Only spore traps that had four 

horizontally-held vaseline-coated slides (Fig. 2) were 

used in the 2018/19 season, as results from the pre-

vious season showed that these slides trapped spores 

more consistently. 

Slides were changed weekly on both traps from 10 

October 2018. In addition, slides were also changed 

daily from September to December 2018. Reading of 

slides was carried out as described for the previous 

season. Weather data were obtained from the near-

est weather station and correlated with spore trap-

ping data. 

Infection periods

2017/18 Season

In the 2017/18 season, a bagging trial was carried 

out at Halls to determine the critical infection periods 

of avocado fruit by Cercospora spot. One thousand 

Figure 1. A spore trap in the ‘Fuerte’ orchard at ARC-TSC.  

Figure 2. A spore trap with horizontally-held vaseline 
slides. 

fi ve hundred fruit were covered with brown paper 

bags before they reached the susceptible stage of 

40 mm in diameter. Every fortnight, fi fty bags were 

removed to allow infection and then replaced at the 

end of the fortnight. In the 2017/18 season, fruit 

were covered when they were between 20 and 30 

mm in diameter. Opening of fruit for fortnight periods 

started from 11 October. Brown paper bags were also 

covered with duct tape at the top end to prevent wa-

ter from running onto fruit, in addition to the use of 

non-absorbent cotton wool. 
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Fruit were harvested on 10 April 2018. Immediately after harvest, 

fruit were evaluated for the presence of Cercospora spot on a scale of 

0-5 (Table 1).  

0 = clean fruit 

1 = 1-5 spots with diameter of combined lesion area 1-5 mm

2 = 1-5 spots with diameter of combined lesion area 6-10 mm

3 = 1-5 spots with diameter of combined lesion area >10 mm

4 = 6-10 spots

5 = >11 spots. 

For Classes 1-3, all fruit had 1-5 spots but were differentiated on the 

basis of combined lesion diameter as most of the fruit that was not clean 

fell into these 3 categories and it was necessary to differentiate between 

fruit with 1-5 large lesions and fruit with 1-5 very small lesions. Results 

are expressed in terms of a disease index according to Wheeler (1969) 

where infection index = (Sum of all numerical ratings/total number of 

fruit) x (100/Maximum disease category (5)). 

Disease index data were correlated with weather data.  

Figure 3. ‘Fuerte’ avocado fruit covered with brown paper bags at ARC-TSC. 

Figure 4. The mean weekly number of conidia trapped at the ARC-TSC site and 
weekly rainfall in the period September 2017 to March 2018.  

2018/19 Season

During the 2018/19 season, the 

bagging trial was carried out at 

the ARC-TSC site as this site had 

a much higher disease incidence 

in comparison with the Halls site 

used in the 2017/18 season. One 

thousand fruit were covered with 

brown paper bags from begin-

ning of October when fruit were 

between 20 and 25 mm in diam-

eter (Fig. 3). Every fortnight, 30 

bags were removed to allow infec-

tion and then replaced at the end 

of the fortnight. Towards the end 

of the season, only 20 bags were 

removed and replaced as many 

bags were lost due to November 

drop and adverse weather storms 

(hail) experienced during the sea-

son. In the 2018/9 season, this 

was carried out from 10 October 

2018 until end February 2019.

In addition to the two-weekly 

exposure periods, 25 fruit were 

also opened for a monthly time 

exposure period from 10 October 

until end February 2019.

Fruit will be harvested in April 

2019 and evaluated as described 

for the 2017/18 season.

RESULTS

2017/18 Season

Weekly spore trapping

In the 2017/18 season, more than 

1000 slides were placed in the or-

chards at the two trial sites from 

September 2017. At the Halls trial 

site, only weekly spore trapping 

data were collected, while at the 

ARC-TSC site both weekly, daily 

and hourly data were collected. 

Due to the low disease incidence 

at the Halls site, no spores were 

trapped in the 2017/18 season. 

Weekly conidia trapped at the 

ARC-TSC site from September 

2017 – March 2018 are presented 

in Figure 4. 

Conidia were fi rst detected in 

the period 20 to 27 September. Co-

nidia were also detected in the fol-

lowing two periods with the com-

mencement of the rain season. 

The Z value for the fi rst period in 

the season was ≥15 from 12 to 17 

September, predicting spore re-

lease, but no spores were trapped 

in this period. The reason for the 

Z value being ≥15 at this stage 

is that very high temperatures
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were recorded in September. The 

next period that the Z value was 

≥15 was on 5 October for a one 

day period only. Average fruit 

size at this stage was still below 

25 mm in diameter and spraying 

using the Z value model not yet 

recommended. By using the Z 

value model, the recommendation 

will be to spray soon after this pe-

riod i.e. as soon as fruit reached 

25 mm in diameter. Conidia were 

also detected in the period 25 Oc-

tober to 1 November, as some rain 

was recorded in this period. In this 

period a Z value of ≥15 was calcu-

lated using Darvas’ equation and 

fruit size was above 25 mm, indi-

cating that spraying should have 

commenced before this date. Co-

nidia numbers also started to in-

crease rapidly after this period, so 

spraying before this period is im-

portant. Conidia numbers reached 

a peak in the period 15 to 22 No-

vember when more than 68 mm 

rain was recorded. Several other 

peaks were observed throughout 

the season following the trend 

of rainfall, however, this was not 

observed towards the end of the 

season. Spores were trapped as 

late as the third week in March as 

rain still occurred. 

When the weekly conidia 

trapped was compared with week-

ly rainfall, a very good correlation 

(r = 0.898) was found between 

conidia numbers and rainfall for 

the period September to Decem-

ber 2017. For the entire season 

(September to March) the corre-

lation was r = 0.609, somewhat 

lower due to lower numbers of 

spores trapped despite high rain-

fall in mid-February. No signifi cant 

correlations were found with any 

other weather parameters (tem-

perature, humidity or leaf wet-

ness).

Daily and hourly spore trapping

Daily conidia trapped at the ARC-

TSC site for a 26-day period in 

November/December 2017 and 

51-day period in January/Febru-

ary 2018, are presented in Figure 

5. The daily data is presented as 

weekly counts.

The general observation is that 

spores were trapped predominate-

ly in periods when rainfall occurred,

Figure 5. The daily number of conidia trapped at the ARC-TSC site and rainfall 
in the period November 2017 to February 2018. Daily data are presented as 
weekly counts. 

Figure 6. Cercospora disease severity during 2017/18 season in the unsprayed 
‘Fuerte’ orchard at Halls. 

as was found with the weekly spore trapping. When the daily spore trap-

ping data was correlated with all the weather parameters, a poor cor-

relation was found between the number of conidia trapped and all of 

the weather parameters analysed. The best correlation was obtained for 

rain with a correlation coeffi cient of r = 0.224. When daily data are how-

ever presented as weekly counts and correlated with weekly weather 

data, weather parameters infl uencing spore release are smoothed out 

and good correlations were found between weekly conidia counts and 

rainfall, as was found with weekly spore trapping data. 

Hourly spore trapping 

On the slides that were changed hourly between 23:00 at night and 

03:00 in the morning for the 10-day period 12-21 November 2017, no 

spores were trapped. 

Infection periods

The infection indices for each of the 12 periods as well as the index for 

fruit covered for the entire period and fruit exposed the entire period of 

the 2017/18 season’s trial at the Halls site, are presented in Figure 6. 

The highest disease indices for Cercospora spot were recorded for 

fruit exposed during the entire period. Of the two weekly exposure peri-

ods, highest disease indices were recorded for the period 8-22 Novem-

ber. This two-weekly period coincided with the two weekly periods when 

27 and 218 spores were trapped, respectively. The 218 spores trapped 

in the period 15-22 November also represents the period when spores 

trapped reached a peak during the season.
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2018/19 Season

Weekly spore trapping 

Weekly conidia trapped at the 

ARC-TSC site from September 

2018 – December 2018 are pre-

sented in Figure 7. 

Very low numbers of conidia (3) 

were detected in the fi rst period 

starting from 10 October 2018. 

In the second period from 17-23 

October, a high number of conidia 

was trapped. During this period 

rainfall also occurred and spores 

were trapped, as was found in 

the 2017 season in periods where 

rain occurred. On 24 October, av-

erage fruit size was 29.7 mm in 

diameter and fruit not regarded 

as susceptible, although recom-

mendations by Subtrop suggest 

that spraying should commence 

when the fruit is smaller or equal 

to 25 mm in diameter. Whether 

infection has already occurred in 

this period can only be confi rmed 

when fruit has been harvested 

and disease index calculated for 

this period. Spores trapped in 

the periods 31 October to 6 No-

vember and the following period 

also coincided with periods when 

rainfall was recorded as well as 

in the periods from 28 November 

to 11 December. No spores were 

trapped in the periods where no 

rainfall was recorded. 
Figure 7. The mean weekly number of conidia trapped at the ARC-TSC site and 
weekly rainfall in the period October 2018 to December 2018.  

Figure 8. A comparison of the Z value model with the new models (Sept-Dec and Sept-March).

Infection periods

Fruit from the 2018/19 season will be harvested in April/May 2019 and 

evaluated for Cercospora spot and the results expressed in terms of an 

index as described for the 2017/18 season. The disease index data and 

spore trapping data will be correlated with weather data. 

New models developed

Using the spore trapping data of the 2017/18 season, various new mod-

els were developed. A preliminary model for the period September to 

December was developed using multiple stepwise linear regression anal-

ysis of the weekly number of conidia trapped and weekly weather pa-

rameters. The equation for the best fi tted regression line is y = -234.60 

+ 2.82 * Rain + 7.44 * MaxT with R2 = 0.92 and Adjusted R2 = 0.91. The 

model obtained for the entire period (Sept-March), is y = 8.4166 + 1.1 

* Rain with R2 = 0.371 and Adjusted R2 = 0.348. With the multiple step-

wise linear regression analysis of two-weekly number of conidia trapped 

and two-weekly weather parameters for September to March, the model 

developed is represented by the equation y = 9.80233 + 2.24767 * Rain 

with R2 = 0.8532 and Adjusted R2 = 0.816. 
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The disease index values for the 2017/18 season 

for each period were also correlated with weather 

data and a disease index model was developed. The 

highest correlation was between disease index and 

max Humidity. The multiple linear regression model 

is y = -110.149-4.92 * MinT + 2.08 * MaxH with R2 

= 0.816 and Adjusted R2 = 0.693. 

A comparison of the Z value model and the new 

models for the period September to December 2018 

showed that the new model follows a very similar pat-

tern compared with the Z value model in the 2017/18 

season, but with a few discrepancies (Fig. 8).  

The fi rst time in the season that the Z value was 

≥15 was in the period 12 to 17 September. Both the 

Z value model and Sept-Dec model use temperature 

as a criterion in the equation and due to the high 

temperatures observed in September, these models 

predicted spore release in mid-September. No co-

nidia were however trapped in this period. The Sept-

March model which only uses rainfall as criterion, did 

not predict any spore release in this period. The next 

prediction of spore release using the Z value was on 

5 October for a one-day period only. The Sept-Dec 

and Sept-March models also predicted spore release 

during this period, but for a longer period starting 

earlier and continuing for a longer period (1-13 Octo-

ber and 26 September to 15 October, respectively). 

The next period the Z value was above 15, was 24 to

28 October and fruit size was >25 mm. The Sept–

Dec model and the Sept-March model also predict 

spore release in this period but starting and ending 

a few days later. 

CONCLUSION

Models will need to be further refi ned with the inclu-

sion of the 2018/19 spore trapping data. Although 

the models followed the same trend, some differ-

ences were found as outlined under results. The best 

model developed will be used to determine high risk 

infection periods enabling accurate and more effec-

tive timing of fungicide sprays.
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ABSTRACT 

The fungal diversity associated with ‘Hass’ avocados from fl owering to the ready-to-eat stage was investigated 

during the 2017/18 season at a farm in Limpopo, South Africa. The study aimed at understanding surface 

and endophyte microbiome dynamics with particular emphasis on the presence of the pathogenic genera 

Colletotrichum and Botryosphaeria spp.. Pyrosequencing analysis of fungal communities targeting the ITS1-4

region, detected sequences belonging to the genus Colletotrichum in two surface microbiome samples at the 

fl owering stage i.e. Colletotrichum gloeosporioides (0.03%) and at fruit-onset as Colletotrichum sp. (0.23%), 

and one fruit endophyte sample after postharvest processing (0.11%) i.e. Colletotrichum acutatum. The genus 

Botryosphaeria was detected in all samples with abundances ranging from 0.07% to 0.43%. The highest 

abundances were detected after prochloraz treatment (Botryosphaeria sp. 1.57% and Lasiodiplodia theobromae 

0.14%) and ready-to-eat fruit fi ve weeks after harvest (Botryosphaeria sp. 1.38%). The other Botryosphaeria 

members detected in relatively higher abundances were Spencermartinsia viticola, observed in fl ower surface 

microbiome (0.11%) and endophytic samples from stem-end at harvest (0.10%) and fruit after two weeks 

storage at 5oC (0.04%). Postharvest processing appears to be the stage when signifi cant fruit contamination 

occurs, although pesticides are used and it appears that a signifi cant proportion of fungi may survive and re-

establish as pesticide residue levels most likely dropped, something that should be confi rmed in future.  
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INTRODUCTION

The avocado is a popular fruit, mostly due to its 

highly nutritious and tasty characteristics (Dreher 

and Davenport, 2013). Most of the avocado (60%) 

produced in South Africa is exported mainly to Euro-

pean countries which have stringent fruit quality 

standards. The postharvest quality of avocados is af-

fected by pre-harvest fungal pathogens that result 

in postharvest development of fruit symptoms at the 

market end of the supply chain. Among the major 

postharvest diseases that cause serious losses dur-

ing export, is anthracnose caused by Colletotrichum 

gloeosporioides Penz. and stem-end rot (SER) by 

Lasiodiplodia theobromae (Pat.) Griffon and Maubl. 

(Griffon, 1909), Dothiorella aromatica (Sacc.) Petr. 

and Syd. (Petrak, 1927), Thyronectria pseudotrichia

(Schw.) Seeler (Seeler, 1940), and / or Phomopsis 

perseae Zerova (Schaffer et al., 2013; Coates et al., 

2002; Zerova, 1940; Darvas and Kotze, 1987; Diskin 

et al., 2017).

Limited control of anthracnose disease has been 

reported with monthly applications of copper oxy-

chloride sprays (Dann et al., 2013). However, copper 

sprays have potential adverse effects on the environ-

ment, because of the risk of accumulation that may 

lead to arable soil deterioration (Rowell, 1983). In ad-

dition, the need for alternative strategies are driven by 

a complex regulatory environment, the ever widening

spectrum of diseases and industry and consumer 

demand for commercial viable safe quality products 

(Wisniewski et al., 2016). Pressure from global mar-

kets has renewed interest in the search for alter-

native control methods due to a growing consumer 

interest in safe food that is chemical free and pro-

duced in an environmentally safer and sustainable 

way (Naamani, 2011). Pesticide usage in orchards 

has also been linked to the development of fungicide 

resistant strains of postharvest pathogens (Droby 

and Wisniewski, 2018; Jamalizadeh et al., 2011; 

Droby et al., 2009; Sharma et al., 2009). 

The focus for future avocado production, given the 

changing global regulations with regards to pesticide 

use, weighs heavily on the need to develop more 

holistic approaches in agricultural research. Inves-

tigating the microbiomes in agricultural production 

systems present new opportunities to approach 

disease control in a more holistic way. The fi rst ob-

servations made on microbiome signifi cance were 

based on the link between plant health and de-

gree of production that refl ect the interaction with 

micro bial communities in the soil and their complex 

diversities (Hartmann et al., 2008). These interac-

tions infl uence the outcomes of the host plant’s de-

fence responses, health (Droby and Wisniewski, 

2018; Vandenkoornhuyse et al., 2015) and plant pro-

ductivity (Lebeis et al., 2012; Weyens et al., 2009). 
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The composition and resilience of these communities 

are dependent on variables such as climate, region, 

site as well as host species or plant cultivar (Chou et 

al., 2018).  

The majority of the plant microbiome and its 

contribution to the host phenotype are not yet 

clearly understood (Turner et al., 2013). It has 

been hypothesised that the plant microbiomes are 

greatly infl uenced by the host genome and these 

communities should be considered an extension of 

the plant genome or “pan-genome” (Turner et al., 

2013). Studies on other tree crops, such as mango 

(Diskin et al., 2017), have made direct links between 

the endophytic communities and disease incidence.  

The advent of modern technologies, including next 

generation and associated microbe identifi cation 

platforms, has opened research domains in micro-

bial ecology, rapid disease detection and ecological 

approaches to disease control. The current popular 

trend is to study the whole plant microbial biome, to 

unravel the pathogenic components in the population 

and the associate interactions. The aim of this study 

was to characterise microbial communities associ-

ated with avocado fruit developmental stages and to 

follow the postharvest supply chain up to the ready-

to-eat stage with particular emphasis on pathogens 

causing anthracnose and stem-end rot. Findings 

from the study will be benefi cial in formulating new 

innovative disease control strategies. 

METHODS AND MATERIALS

Study site, sample collection and processing

The experiment was conducted at an avocado farm in 

Limpopo Province during the 2017/18 production sea-

son. A total of 27 ‘Hass’ avocado trees were selected 

in a randomized block design. In total 81 fruit from 27 

avocado trees were collected. This consisted of three 

fruit per tree sampled at the top, middle and lower re-

gions of the tree canopy. The samples were collected at 

different stages of production i.e. at the fl owering (full 

bloom), fruit set, after the fi rst copper spray, at har-

vest, after prochloraz dip, after two weeks cold storage 

(5.5°C), four weeks cold storage and after seven days 

room temperature (~20°C). The trial was designed to 

be a fi rst stage scoping study to map the avocado mi-

crobiome from fl owering to the postharvest stages. 

Sample processing and DNA extraction

For epiphytic microfl ora, the collected samples were 

weighed in triplicates and each of the 25 g samples 

suspended in sterile peptone buffered water (225 ml),

before stomaching. The micro-fl oral wash was con-

centrated through cellulose nitrate fi lters (0.45 mm 

pore size; Sartorius, Gottingen, Germany) from 

which DNA was later extracted. Samples (1 ml) of 

the micro-fl oral surface wash were also preserved 

for later use. To process endophyte samples, the 

whole fruit, stem-ends and stems were processed 

separately according to Diskin et al. (2017). Briefl y, 

the fruit were surface disinfected with 70% ethanol 

for fi ve minutes and then rinsed three times with 

sterile water to remove surface microorganisms. 

The surface disinfected fruit were aseptically peeled 

at the stem-end with a disinfected peeler and the 

internal portion of the stem-end portion of the fruit, 

sampled for analysis. The stems of the same avocado 

fruit were cut into smaller pieces using a sterile scal-

pel blade. The sampled material i.e. stem-ends and 

stems, were immediately snap-frozen in liquid nitro-

gen and ground with a coffee grinder and stored at 

-80°C for DNA extractions. The DNA extraction of the 

total community from fruit pulp or surface washings 

was carried out with the use of fungal/bacterial Zymo 

Research kit (ZymoResearch, USA), following the 

manufacturer’s instructions, before storing at -20°C. 

Amplifi cation and sequencing

DNA samples were sent for sequencing at MR DNA 

(Shallowater, TX, USA) and the sequence data from 

illumina platform were processed using MR DNA 

analysis pipeline (Shallowater, TX, USA) as previ-

ously described (Carmichael et al., 2017). Diversity 

indices (Shannon, Choa1 and Observed richness) for 

each sample were calculated on rarefi ed OTU table 

using the “Visualization and Analysis of Microbial 

Populations Structure (VAMPS)” (http://vamps.mbl.

edu) online pipeline. 

RESULTS 

Sequencing results and pathogenic genus 

abundancies 

Sequencing of samples representing different avo-

cado production stages, from fl owering to posthar-

vest handling, generated a total of 1374325 ITS 

sequences from 12 samples after paired-end align-

ments, quality fi ltering and deletion of chimeric 

sequences and singletons. Sequence abundances 

per sample ranged from 48 176 to 181 838 with 

averages of 114527. ITS sequences belonging to 

the genus Colletotrichum were detected only in two 

surface microbiome samples, identifi ed as Colletot-

richum gloeosporioides at fl ower (0.03%) and Col-

letotrichum sp. at fruit-onset stage (0.23%). Col-

letotrichum acutatum (0.11%) was detected in one 

fruit endophyte sample collected after postharvest 

processing (Table 1). 

The genus Botryosphaeria was detected in all sam-

ples with abundances ranging from 0.07% to 0.43%. 

Sequences belonging to the genus Botryosphaeria 

were detected in their highest abundance after pro-

chloraz treatment (Botryosphaeria sp. 1.57% and 

Lasiodiplodia theobromae 0.14%) and ready-to-eat 

fruit, fi ve weeks after harvest (Botryosphaeria sp. 

1.38%). The other Botryosphaeria members detected 

in relatively higher abundances were Spencermar-

tinsia viticola observed in fl ower surface microbiome 

(0.11%) and endophytic samples from stem-end at 

harvest (0.10%) and fruit after two weeks storage at 

5°C (0.04%). The remainder of the species observed 

had prevalence under 0.01% and included Sphae-

ropsis sapinea detected in fl ower surface microbiome 

(0.02%) and fruit endophyte at harvest (0.05%), Au-

erswaldia dothiorella (0.01-0.09) and Phaeobotryos-

phaeria eucalypti in stem-end at harvest (0.07%).  
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Figure 1. Prevalence of known fungal pathogenic groups 
in endophyte (A) and surface (B) microbial communities 
in different avocado fruit development and production 
stages.

Table 1. Total sequences, OUTs and pathogenic genera abundancies in surface and endophyte microbial communities 
from different avocado fruit development and production stages.

Surface microbiome Endophyte microbiome
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Total observed 
ITS sequences

181838 125557 117102 114650 107393 98238 142847 48798 170803 53891 48176 165032

Total  OTU 192 164 85 77 136 65 132 243 96 162 140 62

Botryosperaceae spp. (% prevalence in samples)

Botryos phaeria 
sp.

0.09% 0.03% 0.01% 0.07% 1.57% 0.04% 1.38% 0.03% 0.43% 0.33% 0.16% 0.07%

Sphaeropsis 
sapinea

0.02% - - - - - - - 0.05% - - -

Auerswaldia 
dothiorella

0.01% - - - - - - 0.01% - - 0.09% -

Lasiodiplodia 
theobromae

0.01% 0.01% - 0.03% 0.14% - - 0.26% 0.05% - - -

Spencer mar-
tinsia viticola

0.11% - - - - - - 0.10% - - 0.04% -

Phaeobotryo s-
phaeria eucalypti

- - - - - - - 0.07% - - - -

Colletotrichum spp (% prevalence in samples)

Colletotrichum 
gloeosporioides

0.03% - - - - - - - - - - -

Colletotrichum 
sp.

- - - - - - - - - 0.11% - -

Glomerella 
acutata

- 0.23% - - - - - - - - - -

Detection of Botryosphaeria sp. in endophytic sam-

ples showed a gradual decline from 0.43% at har-

vest to 0.07% in ready-to-eat fruit after fi ve weeks 

postharvest storage. This represented a relatively 

lower abundance compared to surface communities. 

Interestingly, endophyte abundances had about four 

times (0.43%) higher concentrations before harvest 

compared to the surface populations, which ranged 

from 0.01-0.09% (Fig. 1). 

The sequences generated from the avocado fungal 

communities characterising the different developmen-

tal stages could be assigned to 873 OUT. Generally 

surface microbiomes had 72.1% to 78.6% more se-

quences abundance than endophyte microbiomes, 

with the exception of ready-to-eat avocados (165 032) 

and samples collected at harvest (170 803). The high-

est surface fungal abundances were observed in fl ow-

er samples (181 838) and ready-to-eat (142 874).

Although the stem-end sample had one of the 

lowest sequence abundancies observed (48798), 

they had the highest number of OTUs observed and 

diversity with Shannon-Weaver diversity indices of 

3.73. Surface microbial community diversity were 

highest at fl ower (2.34) and fruit onset, but signifi -

cantly declined with copper spraying and were lowest 

at harvest. Although postharvest processing enriched 

surface microbiome diversity communities, they de-

clined after two weeks storage at 5°C, maybe due to 

residual pesticide effect and cold conditions. 
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Figure 2. Prevalence of different phylum and their respective classes in endophyte and surface microbial communities 
in different avocado fruit development and production stages.

Microbial community dynamics

Evaluation of the prevalence of different fungal com-

munities showed the phylum Ascomycota to be the 

most dominant in both surface and endophytic popu-

lations of avocado fruit (Fig. 2). The most dominant 

Ascomycota class on surfaces fungal population was 

Dothideomycetes and constituted more than 50% 

of the total population during fl ower (77.05%) and 

fruit onset (79.3%) stages. Prochrolaz treatment re-

duced the Dothideomycetes population from 41.2% 

to 11.5% when comparing communities after post-

harvest treatment and two weeks after harvest, 

although it recovered to above 50% fi ve weeks af-

ter harvest on ready-to-eat fruit. In all endophyte 

samples this class was observed lowest at 50.5% 

after prochloraz treatment, otherwise it ranged from 

82.9% to 96.7% in fruit and was observed at 62% 

in the only stem-end sample. Fungicide treatment 

appeared to promote the abundance of the basi-

diomycetes, tremellomycetes and agaricomycetes 

(Fig. 2). The yeast class Saccharomycetes was noted 

at 11.8% after postharvest processing and declined 

in abundance with storage from two weeks (4.9%) 

to ready-to-eat fruit at fi ve weeks (3.6%). The As-

comycota, Eurotiomycetes class increased in abun-

dance from fl owering (1.79%) and was not affected 

by prochrolaz treatment (25.5%), but declined with 

storage, going down to (5%) in ready-to-eat fruit af-

ter fi ve weeks. Among endophytes, Eurotiomycetes 

were only abundant in the stem-end sample (8.3%) 

with lower abundances 2.65% to 0.16% observed in 

surface microbiomes with increasing storage. 

DISCUSSION

The presence of pathogenic signatures was evaluated 

based on the observed abundance of OTUs belonging 

to fungi responsible for postharvest diseases of avoca-

do fruit, including C. acutatum, C. gloeosporioides, Bot-

ryosphaeria parva, B. dothidea and Phomopsis (Hartill, 

1991). Members of the Botryosphaeriaceae family can 

cause cankers and fruit rot, and can survive as sapro-

phytes or parasites, with certain species capable of sur-

viving in symptomless tissue as latent infections (en-

dophytes) (Twizeyimana et al., 2013). Botryosphaeria 

signatures were observed in their highest abundance 

after prochloraz treatment (1.6%) and ready-to-eat 

fruit fi ve weeks after harvest (1.4%). Although at two 

weeks after harvest low abundances (0.04%) were ob-

served, and could be attributed to the fungicide treat-

ment or cold storage, the Botryosphaeria population 

had recovered by the fi fth week after harvest and when 

kept at room temperature for one week. 

Detection of the Botryosphaeria sp. as endophytes 

showed a gradual decline from 0.43% at harvest to 

0.07% in ready-to-eat fruit after fi ve weeks posthar-

vest storage simulated, which is a relatively lower 

abundance compared to surface communities. Im-

mediately after postharvest treatment, pesticide 

concentrations will be prevalent on the fruit surface 

but will gradually decline as it break down or diffuses 

into the fruit (Shiea et al., 2015), which explains sur-

face population recovery and the gradual decline in 

endophytic Bo tryosphaeria. Interestingly, endophyte 

abundances had about four times (0.43%) higher 

concentration before harvest, compared to the sur-
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face populations which ranged from 0.01% to 0.09%. 

Although the species have been reported not to dam-

age healthy avocado trees, they are considered as 

opportunistic pathogens, and their effects can be 

devastating in fruit where they can quickly recover 

from pesticide sprays to cause stem-end rot (Slippers 

& Wingfi eld, 2007; Pérez-Jiménez, 2008). 

Colletotrichum gloeosporioides has previously 

been reported as the cause of anthracnose in South 

Africa (Sanders and Korsten, 2003) and Israel (Free-

man et al., 2000). This pathogen was detected in the 

fl ower microbial community at 0.03% abundance in 

this study. Colletotrichum gloeosporioides is a species 

complex that has been shown to be comprised of 42 

accepted species, which cause anthracnose, the most 

serious postharvest disease in avocados (Weir et al., 

2012; Damm et al., 2012; Jayawardena et al., 2016; 

Diao et al., 2017; Guarnaccia et al., 2017). Other 

Colletotrichum species detected included Glomerella 

acutata at fruit onset (0.23%) and unidentifi ed Col-

letotrichum sp. in endophyte samples collected after 

postharvest processing (0.11%). Species reported to 

cause anthracnose in other avocado-producing coun-

tries include C. aenigma in Israel, C. fructicola, C. 

queenslandicum and C. fi oriniae in Australia, C. alien-

um in Australia and New Zealand, C. kahawae subsp. 

ciggaro in New Zealand, and C. siamense in Australia 

and South Africa (Weir et al., 2012).  

Colletotrichum acutatum (Glomerella acutata) has 

mostly been reported in Australia and New Zealand 

where it has been isolated from both stem-end rots 

and anthracnose of ‘Hass’ avocados (Hartill, 1991). 

Colletotrichum acutatum spores are thought to infect 

avocado fruit while hanging on the tree, as they are 

released from infected dead twigs and fruit in the 

canopy or orchard fl oor (Damm et al., 2012). The 

observed abundance at fruit onset and non-detection 

throughout the development in this study may sug-

gest fl owering and fruit onset stages as critical points 

of control for this pathogen. Colletotrichum acutatum 

has been suggested to be a wound pathogen, and 

its chances for successful infection maybe linked to 

damage due to mechanical handling and postharvest 

processing (Hartill and Everett, 2002). 

In conclusion, results of the present study provide 

a preliminary picture of the fungal diversity associated 

with avocado fruit development and postharvest 

handling. The majority of the sequences detected 

were identifi ed up to genus and/or species level. It was 

therefore possible to make assumptions regarding 

their role in avocado production. In particular was 

the identifi cation of known pathogen sequences and 

their prevalences during the production cycle. These 

fi ndings reinforce the importance of investigating 

fungal biodiversity associated with avocado production 

and highlight the need for more detailed analyses in 

this fi eld of study. Moreover, it will be benefi cial to 

explore the presence of natural antagonists of the 

important avocado pathogens and develop ecological 

friendly biocontrol approaches based on microbial 

dynamics and dominance. This data further provides 

information that is critical in the implementation of 

future management strategies to combat diseases in 

avocado production systems. 
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ABSTRACT

Avocado sunblotch disease (ASBD), caused by Avocado sunblotch viroid (ASBVd), is one of the important 

diseases of avocado worldwide that affects yield and quality. Typical symptoms are found on leaves, fruit 

and bark of the tree, however, some trees do not display any visible symptoms and these are referred to as 

symptomless carrier trees. The most important control measure for ASBD is careful selection of pathogen-free 

bud wood and seed that are used for propagation, which is achieved through indexing. The distribution of AS-

BVd within a single plant was studied and an uneven distribution of ASBVd between branches and in the fruit 

was detected. This fi nding has huge implications for optimising detection methods and sampling strategies 

for avocado tree indexing. For example, a tree displaying no symptoms on the leaves or on the fruit, tested 

positive in all branches and in all symptomless fruit. These symptomless carrier trees are currently the main 

concern for the avocado industry and precise sampling strategies and detection systems need to be in place 

to reduce the spread of ASBVd. A summary on the indexing status of nurseries and commercial growers and 

the strategies towards an ASBVd-free avocado industry in South Africa will be discussed. Research currently 

underway include the risk of cutting tools in the spread of ASBVd, root graft transmission from infected root 

trees to neighbouring trees, investigation of transmission through pollen, and comparison of the productivity 

of ASBVd-infected symptomless trees to healthy trees by measuring yield and fruit size. Experiments towards 

these research goals are underway. The ultimate aim is to mobilise all role players in the South African avocado 

industry to ensure an ASBVd-free industry that will lead to optimal production.  

Avocado sunblotch viroid 
in South Africa: Present status 

and future prospects

AEC Jooste, L Mataung, Z Zwane and A Msweli
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INTRODUCTION

Avocado sunblotch disease (ASBD) is a chronic, in-

fectious disease of avocado induced by Avocado 

sunblotch viroid (ASBVd). Sunblotch disease is the 

only viroid disease of economic value infecting avo-

cados worldwide, leading to losses as a result of fruit 

degradation and subsequent poor fruit quality. Avo-

cado sunblotch-infected trees may appear stunted, 

with branches spreading unevenly to the sides and 

sprawling of lateral branches. The most prominent 

symptoms are seen on the fruit. Fruit symptoms are 

caused by anatomical and biochemical changes in the 

structure of the exocarp and mesocarp cells which 

results from cellular disorganisation, accumulation of 

phenolic compounds in the cytoplasm and cell walls 

and reduction in cytoplasmic content leading to cell 

collapse and death. Fruit develop streaks, similar to 

those on the stem, which are depressed and yellow 

or pink in colour and which reduce fruit marketability. 

Streaks extend from the fruit stem end to the entire 

fruit and sometimes fruit are small and misshapen. 

Tree symptoms are either yellow or colourless, 

sometimes reddish, sunken longitudinal streaks on 

the green stems of young growth. On older trees, the 

trunks can develop rectangular cracking, also referred 

to as alligator bark, one of the more common sun-

blotch disease symptoms observed in the fi eld, which 

is diagnostic of the disease. 

Leaf symptoms include white or yellow variega-

tion and bleaching of leaves, but these symptoms 

are rarely observed in the fi eld. Varied symptoms 

are associated with three different ASBVd variants, 

viz ASBVd-B with bleached symptoms, ASBVd-V with 

variegation and ASBVd-SC with no symptoms. The 

ASBVd-SC variant is therefore associated with symp-

tomless carrier trees (Semancik and Szychowski, 

1994). The presence of ASBVd in symptomless car-

rier trees is very common in avocado orchards. Re-

search demonstrated that symptomless carrier trees 

could arise from an infected symptomatic tree by pro-

ducing new shoots that appear healthy to replace all 

the symptomatic leaves (Wallace and Drake, 1962). 

These symptomless carriers are the main concern 

for the avocado industry and correct, representative 

sampling strategies are crucial, together with sensi-

tive detection methods to identify infections and re-

duce the spread of ASBVd. ASBVd spread is a threat 

to the avocado industry, as the disease can cause up 

to 80% of yield losses if uncontrolled (Da Graca and 

Mason, 1983). 
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The use of infected propagative material is the 

most important mode of spreading ASBD. ASBD can 

be transmitted via seed from the infected tree used 

for propagative rootstock, scion used for grafting and 

via root grafts and pollen. ASBVd can be transmitted 

on sap-contaminated pruning blades, injection mate-

rial and harvesting clippers, therefore care should be 

taken to disinfect tools. 

In this document, the present status of ASBVd 

indexing will be discussed, including the optimised 

sampling procedure, a discussion of the best prac-

tices and the current research focus. 

Present status of ASBVd indexing

The increased demand for ASBVd indexed material 

is a direct result of the growing avocado industry in 

South Africa. The Agricultural Research Council – 

Tropical and Subtropical Crops (ARC-TSC) indexing 

laboratory increased its output capacity drastically 

in 2018 and accurate results were provided to nurs-

eries, commercial growers and growers beyond the 

borders of South Africa. The indexing method used 

at ARC-TSC has been developed and perfected over 

years of research and development. The most crucial 

part of the method is to have a pure template for 

molecular detection of ASBVd. As reported previously 

(Jooste and Zwane, 2018), the technique, including 

extraction and primer sequences, were compared 

with various other protocols. The extraction method 

and primers that is currently used provides for accu-

rate detection of all published ASBVd variants. 

In the last three years, the average percentage 

of positive samples has decreased (Fig. 1). The av-

erage percentage of positive samples received from 

the Limpopo province in 2017 was more than 15%, 

while in 2018 less than 10% was recorded. The aver-

age percentage of positive samples received in 2016 

from the Mpumalanga region was more than 10%, 

whereas in 2018 it was less than 5%. This is a result 

of accurate detection of ASBVd and precise selection 

of propagation material by nurseries. The established 

nurseries are all testing regularly to ensure that clean 

material is provided to commercial growers. 

Figure 1. Average percentage positive samples received 
in three years from different localities.  

Sampling strategy

Currently there is an option of either sending in indi-

vidual samples or pooled samples for testing. When 

pooled samples test positive, the entire pool has to 

be tested to determine which plant was positive. The 

proposed sampling protocol includes the following:  

 Sample from all main branches of a tree; 

 Pool leaves from 3 trees to maximum of 21 leaves 

per sample (3 trees with 7 leaves per tree); 

 Propagation material should be screened as indi-

vidual samples, especially seed trees.

ASBVd is a systemic pathogen but its concentration can 

vary widely between the branches, leaves and fl owers 

within a single avocado tree (Running et al., 1996). 

This variation can be infl uenced by temperature and 

growing season (Running et al., 1996). Damage caused 

by viroid diseases is known to be more severe in hotter 

climates compared with cooler climatic regions (Singh, 

1983). Increasing the temperature (28-30ºC) through-

out the day and night can accelerate symptom devel-

opment in ASBV indicator avocado trees (Graca and 

Van Vuuren, 1981). However, a combination of higher 

temperatures with consistent light, day and night, is  

more effective in symptom development (Desjardins, 

1987). Cutting back trees can also effectively accel-

erate symptom development in the infected avocado 

seedlings (Da Graca and Van Vuuren, 1980). The un-

even distribution of ASBVd in symptomatic ‘Fuerte’ 

trees was investigated where leaves and branches that 

contained visibly infected fruit were tested for ASBVd 

titre. Infected leaves, leaves close to infected fruit, 

young leaves close to infected fruit, a branch without 

symptoms and leaves from a branch with deformed 

fruit all showed a weak reaction in an ASBVd real-time 

PCR test. However, the infected fruit showed a high ti-

tre in the molecular test. This result confi rmed earlier 

fi ndings that symptomatic trees have a lower titre of 

ASBVd and detection without seeing the symptoms on 

the fruit can be easily overlooked. Generally, ASBVd-in-

fected trees are lower yielding than non-infected trees 

and the infected fruits are discarded (Randles, 2003). 

The formation of cukes, or cucumber-like fruit, on 

‘Fuerte’ trees is common. Cuke formation is an in-

dication of the presence of female sterile fl owers on 

avocado trees (Steyn et al., 1993). The presence of 

ASBVd in cukes on symptomatic ‘Fuerte’ trees was 

tested. All cukes tested positive and later in the sea-

son, symptoms developed on the small fruits (Camp-

bell, personal communication). Therefore, the cukes 

are also an infection source of ASBVd. 

Disease management practises

It is important for growers to source avocado trees 

from reputable nurseries and to inspect avocado or-

chards for fruit symptoms regularly. Nurseries should 

take care not to use infected propagation material, 

especially in the production of clonal trees. All seed 

sources should be tested to ensure ASBVd-free sta-

tus. Infected seed from symptomless trees can be 

100% infected with ASBVd. Infected trees should 

be removed from orchards by either removing trees 
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mechanically or injecting trees with, e.g. Roundup 

to die off and then remove the tree. It is important 

to ensure that all root material has decomposed and 

is removed before re-planting. Scouting for symp-

tomatic fruits in orchards is crucial and farm scouts 

should be trained in symptom identifi cation (Fig. 2). 

Avocado trees surrounding infected trees should be 

monitored by regular indexing to ensure their ASB-

Vd-free status. Top working should be avoided if the 

ASBVd status of the rootstock is unknown. 

Current research

Although eradication of ASBVd from nurseries and fi eld 

orchards is the best management strategy, further in-

vestigations are currently being conducted to under-

stand the different modes of transmission of ASBVd 

and the yield losses of the symptomless trees. Current 

research includes determination of the risk of cutting 

tools in the distribution of ASBVd and the study of root 

graft transmission of ASBVd from trees with an in-

fected root system to healthy trees. Another objective 

is to investigate pollen transmission and to compare 

the productivity of ASBVd-infected symptomless car-

rier trees. These experiments are currently underway 

and will be reported on once data is available. 

Future prospects: An ASBVd-free industry in 

South Africa

All role-players in the South African avocado industry 

have a responsibility to secure an ASBVd-free indus-

try. The role players include: 1) The South African 

Avocado Growers’ Association (SAAGA), 2) Avocado 

Nurserymen’s Association (ANA), 3) Nurseries pro-

viding clonal and seedling rootstock trees, 4) Com-

mercial farmers, 5) Small-scale farmers, 6) Farm 

workers and 7) Research organisations. 

For each role-player the focus is different but in gen-

eral, it will be crucial to ensure that motherblocks are 

ASBVd-free and that only certifi ed material is used for 

propagation. Nurseries and avocado growers have the 

responsibility to remove infected trees from orchards 

and to follow the disease management guidelines 

listed above. Established and developing nurseries 

should be members of ANA to comply with expected 

requirements. Scouting strategies in orchards is cru-

cial to detect symptomatic fruit and trees. Farm scouts 

should be trained to inspect orchards regularly. The 

removal of infected symptomless plants is essential 

for managing the disease and this will require index-

ing of trees and keeping records of indexing results. 

The ultimate goal is the creation and maintenance 

of an ASBVd-free industry in South Africa. However, 

in order to work towards achieving this goal, it will 

be necessary for all stakeholders to play an active 

role in supporting ongoing research efforts towards 

improving methods for detection, preventing trans-

mission and developing strategies for eradication of 

the disease in future.  
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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 quantifi cation. Quantitative real-time PCR 

(qPCR) 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 

signifi cant 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./m2) for both of the investigated time points (May and 

October 2018). However, qPCR analysis in roots was able to reveal the importance of root phosphite concen-

trations since a signifi cant 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 signifi cantly 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 signifi cantly lower 

(P = 0.0793) Pc root DNA concentration than Dusa® at the 90% confi dence interval in the November (2017) 

sampling month. However, there were no signifi cant differences between the rootstocks in Pc root DNA quan-

tities for the March and May 2018 samplings. DNA-based pathogen quantifi cation 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 fl ush windows. One application is 

made in summer (after the spring foliar fl ush has 

hardened off) and the other in fall (usually after 

harvest when the summer foliar fl ush 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./m2 canopy) is suffi cient for managing PRR. 
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This approach is likely to reduce 

fruit residues, but it is unknown 

whether it will reduce the effi cacy 

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 identifi cation of 

Phytophthora-resistant avocado 

rootstocks (Kremer-Köhne and 

Köhne, 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 

R0.12 rootstock (Engelbrecht et 

al., 2013). This observation was 

made using artifi cial inoculation 

of avocado seedlings under glass-

house conditions, followed by an 

assessment of Pc root colonisation 

through quantitative real-time PCR 

(qPCR) 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. 

The effi cacy 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-

tifi cation from plant roots are readily conducted (Engelbrecht et al., 

2013). However, qPCR quantifi cation from soil DNA is challenging, due 

to the presence of variable quantities of PCR inhibitors in soils as well as 

variable DNA extraction effi cacies (Daniell et al., 2012). It is, therefore, 

important that an artifi cial 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 fi rst aim of our study was to determine whether qPCR quantifi -

cation of Pc from avocado orchard tree roots and rhizosphere soil can 

differentiate between the effi cacy of two phosphonate treatments (1x 

versus 2x trunk injections). The effi cacy 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 fl ush had hardened off (November 2017) and 

in fall (April 2018). Each trunk injection was applied at a preventative 

dosage of  0.3 g a.i./m2 (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 qPCR analysis

 R oot DNA extraction and qPCR amplifi cation targeting the Ypt1 gene 

were conducted as previously described (Masikane, 2017). 

  Soil DNA extraction and multiplex qPCR analysis

Soil DNA was extracted using the NucleoSpin® Soil kit (Macherey-Nagel 

GmbH and Co., KG, Düren, 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 fi nal concen-

tration of 1.2 x 103 copies/μl. 

A probe-based multiplex qPCR assay reaction was optimised that co-

amplifi es the EIPC plasmid DNA fragment and the pathogen’s Ypt1 protein 

gene within one qPCR reaction. The relative pathogen DNA concentration 

(in ng/mg
DW

) was calculated by using the formula:
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(Moein et al., 2019).

 Root phosphite extraction and quantifi cation

Phosphite was extracted and quantifi ed 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 

fi ve times in a completely randomised block design, 

with each replicate containing fi ve 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 quantifi cation

Roots were sampled from each tree over three sam-

pling months (November 2017, March 2018 and May 

2018). DNA extraction and qPCR quantifi cation 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 signifi cance 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 quantifi cation

 Levene’s test for homogeneity showed that there 

was a signifi cant 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 signifi cantly between the treatments 

(P = 0.3361).  

Phytophthora cinnamomi soil qPCR quantifi cation

Levene’s test for homogeneity showed that there was 

no signifi cant difference (P = 0.3337) in variance 

pathogen DNA concentration of sample

EIPC gene copy number of sample
 × EIPC gene copy number used for spiking

mg soil used in DNA extraction
(( ((( (((((((

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 signifi cantly from each other in Pc soil 

DNA concentrations (P = 0.4422).

Root phosphite quantifi cation

Levene’s test for homogeneity showed that there 

was a signifi cant 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 signifi cant 

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 

signifi cantly higher root phosphite concentrations 

(19.06 to 57.11 μg/g
FW

) than the untreated control 

(1.36 to 30.55 μg/g
FW

) (Table 1). In contrast, the 1x 

trunk injection treatment, for two of the orchards 

(EL and FM), did not differ signifi cantly 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 signifi cantly from the 1x trunk injection 

treatment (19.71 to 50.31 μg/g
FW

) 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 signifi cantly 

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 signifi cant correlation was observed between 

the three measured parameters (root phosphite, 

Pc root DNA and Pc soil DNA) in the phosphonate 

trials. A highly signifi cant 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 signifi cant correlation existed between the root 

phosphite concentrations in October, and the October 

Pc root DNA concentrations (r = -0.071; P = 0.556). 

No signifi cant 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 signifi cant (P ≥ 0.100) other correlations between 

the three investigated parameters when compared in 

all possible combinations. 
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Orchard BL Orchard EL Orchard FM

Treatment b May’18 October’18 May’18 October’18 May’18 October’18

Control 8.84 gh 1.36 i 19.06 def 12.26 fgh 30.55 bcd 21.22 def

1x trunk injection 
April’18

14.00 h 12.47 h 32.22 bcd 19.71 def 50.31 ab 22.40 cde

2x trunk injection 
Nov’17, Apr’18

21.38 de 19.16 efg 41.15 abc 28.29 cde 57.11 a 41.20 abc

Table 1. Effect of phosphonate treatments on root phosphite concentrations over two sampling months (May and Octo-

ber) in three avocado orchards.a

a  Values in columns and rows followed by the same letter do not differ signifi cantly according to Fisher’s least signifi cant difference test 

(P ≥ 0.05). Post-hoc analysis was conducted on Log (x + 1) transformed root phosphite data. The actual root phosphite concentrations 

(μg/g
FW

 roots) are shown. Values represent the average of eight replicates per treatment, with each replicate consisting of one tree.
b  The 1x trunk injection treatment involved the application of one phosphonate trunk injection in April 2018 (after the summer foliar fl ush 

had hardened off), whereas the 2x trunk injection treatment consisted of phosphonate trunk injections applied in November 2017 (after 

the spring foliar fl ush had hardened off) and in April 2018. Trunk injections were all applied at the preventative dosage of 0.3 g a.i./m2.

Rootstock trials

Phytophthora cinnamomi root qPCR quantifi cation

The May 2018 sampling month yielded little to no Pc 

root DNA concentrations for either rootstock (Dusa® 

[0.00917 ng/mg
DW

] and R0.06 [0 ng/mg
DW

]), and 

many replicates furthermore contained no Pc root 

DNA. Consequently, there was no signifi cant dif-

ference (P = 0.3506) between the two rootstocks 

for May. There was also no signifi cant difference 

(P = 0.3995) between the Pc root DNA concentra-

tions obtained from the Dusa® (0.08325 ng/mg
DW

) and 

R0.06 (0.05410 ng/mg
DW

) rootstocks in the March 

2018 sampling month. However, for the November 

2017 sampling month, there was a signifi cant difference 

(P = 0.0793) at the 90% confi dence interval between 

Pc root DNA concentrations. There was a tendency 

for the Dusa® (0.49580 ng/mg
DW

) rootstock to yield 

higher Pc root DNA concentrations than the R0.06 

(0.14003 ng/mg
DW

) rootstock. 

DISCUSSION

The current study showed that qPCR quantifi cation 

of Pc in avocado roots and rhizosphere soil, using 

the Ypt1 and multiplex Ypt1/EIPC assays, respec-

tively, were able to quantify the pathogen in avocado 

roots and soil. Although the methods were unable to 

reveal signifi cant 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./m2)

were unable to suppress the pathogen. Phytophthora 

cinnamomi root DNA concentrations from trees that 

received 1x trunk injection (after the summer foliar 

fl ush had hardened off) or 2x trunk injections (after 

the summer and spring foliar fl ushes had hardened off) 

did not differ signifi cantly from the untreated control.

This was surprising, since the 2x trunk injection 

treatment yielded signifi cantly 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 signifi cant 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./m2) 

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 signifi cantly 

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 effi cacy of DNA ex-

tractions can occur between different soil samples 

(Daniell et al., 2012), a multiplex qPCR assay was 

developed to allow for the relative quantifi cation of 

Pc from soil samples. In the current study, the quan-

tifi cation 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 diffi culty 

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 β-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, qPCR analyses of avocado root- and 

soil samples may have potential for assessing the 

effi cacy 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 quantifi cation 

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 quantifi cation 

datasets. Analysis should also be conducted in PRR 

symptomatic orchards to determine whether the 

current failure of qPCR analyses to differentiate 

treatment effects is due to Pc inoculum levels being 

too low in the investigated orchards. 
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ABSTRACT  

The fi rst study entailed an in-vitro pollination study and fi eld trials. The fi eld trials included fruit set determi-

nation on a) caged trees with bees (‘Hass’ x ‘Hass’ and ‘Hass’ x ’Zutano’), b) open pollinated trees, and on 

c) caged trees without bees (‘Hass’ x ‘Hass’ and ‘Hass’ x ’Zutano’). Fruit set and harvest counts were taken 

between October and March for three consecutive seasons. In vitro pollination studies were also done from July 

to September of the above three seasons. 

Fruit drop occurred dramatically from October to December and then declined noticeably up until harvest time. 

A clear relation between fruit number per ‘Hass’ tree and fruit size was found – more fruit – smaller fruit. 

‘Zutano’ as a pollinizer for ‘Hass’, incorporating bees, slightly increased fruit set and yield on ‘Hass’. It is still 

questionable if this small difference justifi es interplanting ‘Zutano’ with ‘Hass’ to increase fruit set, although 

fl owering of this B-type cultivar’s ‘Zutano’ did not always synchronize with ‘Hass’ fl owering. Therefore, the de-

mand for other or newer cultivar pollinizers is essential.

In vitro results are based on the number of pollen tubes reaching the ovary and entering the ovule. In 2014 

more ‘Zutano’ pollen tubes reached the ovary. In 2015 ‘Ettinger’ pollen tubes were more successful in entering 

the ‘Hass’ ovules. In 2016 ‘Zutano’ and ‘Bacon’ pollen tubes were more successful in reaching the ovary and 

entering the ovules. 

The second study in 2017 and 2018 focused on the facets of volatile exudation and fl ower characteristics, 

which may limit bee activity, pollination and subsequent yield. Volatiles contribute to the characteristic scent 

of the fl ower. Volatile profi les of a range of avocado cultivars were done. Using thermal desorption with com-

prehensive gas chromatography time of fl ight mass spectrometry (GC x GC-TOFMS), it was found that volatiles 

exuded by a fl ower differed based on both the sexual phase and the cultivar. Some of the major volatiles de-

tected were Limonene, Pinene and Eucalyptol, among others. Bees did not clearly respond when exposed to 

specifi c volatiles in an olfactometer, but more research is required. Mineral element constituents of avocado 

fl owers may infl uence bee behaviour, however, more research is necessary to confi rm results obtained. Inner 

fl oral nectaries produce nectar during the female phase, while outer nectaries function during the male phase. 

Male phase fl owers therefore supply both nectar and pollen as rewards for visiting bees and seem to be more 

attractive to bees than female phase fl owers. Extreme environmental factors such as temperature will infl uence 

pollen viability.  

Pollination: In vitro, in nets 
and open trees; avocado flower 
characteristics and bee activity
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INTRODUCTION 

Bender (2002) gave a short description of the origin 

of ‘Hass’ and the cultivar characteristics. He found 

that the ‘Hass’ cultivar was selected by Rudolph Hass 

in the 1920s and originated as a chance seedling va-

riety. He also mentioned that ‘Hass’ has a very long 

harvest season and is known to be the top quality 

avocado available, but it is also known to have poor 

fruit set in some locations.  

Growers are continuously looking for higher yields 

and believe that it should be possible to increase the 

present yields by fi nding the best pollinizer. ‘Hass’ 

being an A-type cultivar, the pollinizer must be a 

B-type cultivar.

Clark and Clark (1923, 1926) reported on the 

benefi ts of cross-pollination against self-pollination 

for increasing fruit set and yield. Since then many 

attempts have been made to “prove” that avocados 

are out-breeders and that pollinizers are essential for 

good fruit set.  

Garner et al. (2008) had contradictory results 

and found that outcrossing is not the primary factor
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affecting fruit persistence and ultimately yield. This 

report highlights the fact that the question about the 

effectiveness of pollinizers is not yet properly an-

swered and requires more research. This study was 

therefore conducted to re-investigate the problem 

under South African conditions. 

A good pollinizer without pollinators is of no use 

and Clark (1923) already reported the importance of 

bees as pollinators. Peterson (1955) concluded that 

large dipterous and hymenopterous insects are neces-

sary for pollinating avocados. Ish-Am and Eisicowitch 

(1993 and 1988) wrote several articles that implied 

the importance of bees as pollinators for avocado. 

According to Dixon (2004), eight equivalent hives 

should be used per hectare for trees six to ten me-

ters high. He also mentioned that no less than four 

hives should be used per hectare. About 20-30 bees 

need to be working on one tree in order to attain 

good enough pollination. Weather conditions such as 

cold (<17°C), wet, windy and very cloudy days will 

reduce bee activity and cause a reduction in polli-

nation and avocado fl owers also do not open under 

such conditions. 

Most of the research mentioned in this introduc-

tion was done either in the United States or in Eu-

ropean countries and it was regarded necessary to 

repeat some of the work under South African condi-

tions. The aim of this study was therefore to study 

the effectiveness of different pollinizers for ‘Hass’ 

and the role of bees in pollination of avocados under 

South African conditions.

The fi rst study ran for three seasons (2015-2016; 

2016-2017; 2017-2018). The results of the 2015-

2016 and 2016-2017 seasons were presented in the 

2016 and 2017 SAAGA yearbooks. The 2017 in vitro 

results were reported in the 2018 SAAGA yearbook 

and for this report the results presented in this report 

cover the consecutive seasons combined. The second 

study is preliminary, but indicates that fl ower charac-

teristics infl uence bee activity. 

MATERIALS AND METHODS

The fi rst study was done in orchards of ZZ2. It com-

prised of two parts, namely (A) in vitro trials and 

(B) fi eld trials. Data trees were subjected to the 

same standard cultural practices as the remaining 

orchard trees.  

(A) In vitro

Standard practices used for the in vitro tests

A-cultivar fl owers, in early anthesis (opening in the 

female phase), were collected. The fl owers were 

placed in Petri dishes containing a gel made up of 

15% agar, 10% sucrose and 0.05% boric acid and 

allowed to open. B-type cultivar fl owers that were 

open in the female phase were collected the previ-

ous afternoon and placed in Petri dishes containing 

the same medium. The B-type cultivar fl owers were 

kept at 25oC during the night and they opened the 

next morning in the male phase, providing the pol-

len for in vitro pollination with the female A-type 

cultivar fl owers. The A-type cultivar fl owers were 

then pollinated with the B-type cultivar pollen. The 

A-type cultivar fl owers were then incubated at 25ºC 

for 24 hours and then fi xed in a Carnoy solution 

(ethanol, chloroform and acetic acid in the ratio of 

60:30:10). Fixation of the fl owers from each Petri 

dish were done in separate glass test tubes and 

marked according to treatment applied and the date 

of pollination. 

The pollinated fl owers fi xed in the Carnoy solu-

tion were taken to a laboratory at the University of 

Pretoria, where the pistil of each fl ower was excised 

and placed in a small container containing 20% alco-

hol. The excised pistils were then placed in 5M NaOH 

to soften, followed by rinsing in tap water, cleared 

in 30% Jik, rinsed again before being placed in Ani-

line Blue for staining the pollen tubes. Thereafter the 

samples were kept in the dark until further treat-

ment. Squash preparations were made of each pistil 

and viewed under a fl uorescent microscope. For each 

pistil the number of pollen grains on the stigma were 

counted as well as the number of pollen tubes germi-

nated, the number of pollen tubes moving down the 

style, the number of pollen tubes reaching the ovary 

and the number of pollen tubes entering the ovule. 

(B) Field trials

The trial was conducted in Tzaneen on a ‘Hass’ or-

chard inter planted with ‘Zutano’ trees that belong to 

ZZ2. Four cages containing both ‘Hass’ and ‘Zutano’ 

trees with bees and four cages containing only ‘Hass’ 

trees with bees were used. For open pollination, trees 

in rows containing ‘Hass’ and ‘Zutano’ were used as 

well as rows with only ‘Hass’ trees. In 2016 four 

trees per treatment were docketed and ten fl ower-

ing shoots per tree on four sides of the tree (N, E, S 

and W) were marked for counting fruit set. In 2014 

and 2015 two trees per treatment were tagged and 

ten shoots per tree. In 2017 two trees per treatment 

were tagged and fi fteen shoots per tree on the four 

sides of the tree (N, E, S and W). Two nets were set 

up with no bees inside, one net with ‘Hass’ x ‘Hass’ 

and the other with ‘Hass’ x ‘Zutano’. Fruit set counts 

were conducted between October to February 2015, 

2016, 2017 and 2018. Harvest counts were done in 

March 2016, 2017 and 2018.  

Statistical analysis

The data were analyzed using the statistical pro-

gramme GenStat® (Payne, 2014). 

A generalized linear model (GLM) analysis was 

applied to the in vitro pollination trial with a loga-

rithmic link function, to test for differences between

the treatment effects. Means were compared 

with Fisher’s protected least signifi cant test at the 

5% level. 

REML, or linear mixed model, analysis was applied 

to the total number of fruit set. A pseudo split-plot 

analysis was used with treatments as whole plots and 

sides of a tree as split-plots. Means were compared 

with Fisher’s protected least signifi cant test at the 

1% level as residuals after analysis were Normal, but 

with heterogeneous treatment variances. 
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RESULTS AND DISCUSSION

(A) In vitro pollination trial

Success rate of pollen tubes 

reaching and ultimately entering 

the ovary were the most impor-

tant criterion for determining ef-

fective pollination. The entrance 

of the pollen tube into the ovule 

is an important criterion and was 

also used by Sedgley (1997a) as a 

measure for effective pollination. 

The results for the 2014-2015 

season are given in Figure 1. As de-

picted in Figure 1, ‘Zutano’ pollen 

germinated better on the ‘Hass’ pis-

til compared to ‘Hass’ pollen. ‘Zu-

tano’ pollen tubes were also more 

successful in moving down the 

‘Hass’ style compared to ‘Hass’ pol-

len tubes. However, there was no 

signifi cant difference between the 

numbers of ‘Hass’ or ‘Zutano’ pollen 

tubes that reached the ‘Hass’ ovary.

The results for the 2015-2016 

season are given in Figure 2. It is 

clear in Figure 2 that there was no 

difference in the number of pollen 

tubes that reached the ‘Hass’ ova-

ry whether or not ‘Hass’ was pol-

linated with ‘Ettinger’, ‘Zutano’ or 

‘Hass’ pollen. However, ‘Ettinger’ 

pollen tubes were more success-

ful in entering the ‘Hass’ ovules. 

Guil and Gaziet (1992) also found 

that better yields were obtained 

in ‘Hass’ orchards planted next 

to ‘Ettinger’. Degani et al. (2004) 

also regarded ‘Ettinger’ as a po-

tent pollinizer for ‘Hass’.

The results for the 2016-2017 

season are given in Figure 3. As 

shown in Figure 3, ‘Zutano’ pol-

len tubes were more successful in 

reaching the ovary and entering 

the ovule. 

(B) Field trial

The results for the 2015-2016 

season are given in Figure 4. Ac-

cording to Figure 4, the initial fruit 

set count taken in October 2015 

showed insignifi cant difference be-

tween ‘Hass’ trees in nets with or 

without ‘Zutano’. Rows with only 

‘Hass’ trees in open rows had the 

lowest initial fruit set compared 

to the other treatments. Trees in 

nets had slightly higher fruit set 

than the open trees. 

From October 2015 to Decem-

ber 2015, fruit drop occurred quite 

dramatically. The results for the 

Figure 1. Pollen performance for in vitro pollinated ‘Hass’ x ‘Zutano’ and ‘Hass’ 
x ‘Hass’ fl owers during the 2014-2015 season.   

Figure 2. Pollen performance for in vitro pollinated (‘Hass’ x ‘Zutano’), (‘Hass’ 
x ‘Ettinger’) and (‘Hass’ x ‘Hass’) fl owers during the 2015-2016 season.  

Figure 3. Pollen performance for in vitro pollinated (‘Hass’ x ‘Zutano’), (‘Hass’ 
x ‘Fuerte’), (‘Hass’ x ‘Bacon’), (‘Hass’ x ‘Ettinger’) and (‘Hass’ x ‘Hass’) fl owers 
during the 2016-2017 season.  
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December count showed no sig-

nifi cant difference between ‘Hass’ 

trees in nets and open ‘Hass’ 

trees. The only slight difference 

was between open ‘Hass’ trees in-

terplanted with ‘Zutano’ as a pol-

linizer and open trees consisting 

of pure ‘Hass’ stands. Open ‘Hass’ 

trees planted with ‘Zutano’ had a 

slightly higher fruit set compared 

to pure ‘Hass’ stands. In the nets 

however, ‘Hass’ trees inter-plant-

ed with ‘Zutano’ gave the same 

fruit set as ‘Hass’ only nets. 

During the last count in Febru-

ary 2016, there was insignifi cant 

difference between open trees in-

terplanted with ‘Zutano’ and open 

trees planted in pure ‘Hass’ rows. 

There were, however, a difference 

between ‘Hass’ and ‘Zutano’ in 

nets and only ‘Hass’ trees in nets. 

From December 2015 to February 

2016 fruit drop still occurred, but 

to a lesser extent.

The results for the 2016-2017 

season are given in Figure 5. Ac-

cording to Figure 5, fruit set on 

‘Hass’ trees in the nets was higher 

than on the open trees even after 

fruit abscission took place from 

October to December. There were 

no signifi cant difference between 

‘Hass’ trees in nets with ‘Zutano’ as 

a pollinizer and nets without ‘Zu-

tano’ as a pollinizer. No signifi cant 

difference between open rows with 

only ‘Hass’ trees and open rows with 

‘Zutano’ planted between the ‘Hass’ 

trees were found. Trees that initially 

set more fruit tend to have more 

fruit that dropped, as can be seen 

in the ‘Hass’ x ‘Zutano’ nets (Fig. 

5). Zutano did not have an effect 

on fruit set in ‘Hass’ according to 

fruit set counts taken in the 2016-

2017 season. 

The results for the 2017-2018 

season are given in Figure 6. Ac-

cording to Figure 6, there was no 

signifi cant difference between ‘Hass’ 

trees in nets and open ‘Hass’ trees. 

Robbertse (1998) also found that 

there was no difference between 

caged ‘Hass’ x ‘Hass’ and between 

open ‘Hass’ x ‘Hass’ trees. However, 

‘Hass’ trees in the ‘Hass’ x ‘Zutano’ 

nets performed slightly better than 

‘Hass’ trees in the ‘Hass’ x ‘Hass’ 

nets (Fig. 6).  

As seen in Figure 6, ‘Hass’ trees 

in open ‘Hass’ x ‘Zutano’ rows had 

Figure 4. Fruit set counts on ‘Hass’ trees taken in October 2015, December 
2015 and February 2016 for four different treatments with bees i.e. ‘Hass’ x 
‘Hass’ in nets, ‘Hass’ x ‘Zutano’ in nets, ‘Hass’ x ‘Hass’ in open rows and ‘Hass’ 
x ‘Zutano’ in open rows.  

Figure 5. Fruit set counts on ‘Hass’ trees taken in October 2016 and Decem-
ber 2016 for four different treatments i.e. ‘Hass’ x ‘Hass’ in nets, ‘Hass’ x ‘Zu-
tano’ in nets, ‘Hass’ x ‘Hass’ in open rows and ‘Hass’ x ‘Zutano’ in open rows.  

Figure 6. Fruit set counts on ‘Hass’ trees taken in October 2017 and January 
2018 for four different treatments i.e. ‘Hass’ x ‘Hass’ in nets, ‘Hass’ x ‘Zutano’ 
in nets, ‘Hass’ x ‘Hass’ in open rows and ‘Hass’ x ‘Zutano’ in open rows.  
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signifi cantly higher fruit set com-

pared to ‘Hass’ trees in open ‘Hass’ 

x ‘Hass’ rows in October 2017. 

After fruit abscission, ‘Hass’ trees 

in open ‘Hass’ x ‘Zutano’ rows had 

only a marginal higher fruit set. 

It is important to take note that 

pollinizer ‘Zutano’ did slightly in-

crease fruit set on ‘Hass’ trees, in 

spite of the fact that ‘Zutano’ fl ow-

ering did not always synchronize 

with ‘Hass’ fl owering which could 

have infl uenced outcrossing.

Results for the harvest count 

taken in March 2017 and March 

2018 are given in Figure 7. In 

March 2017 during harvesting, fruit 

counts inside the nets were much 

higher compared to fruit counts on 

the open trees. According to Figure 

7A, there were slight differences 

between the number of fruit on 

‘Hass’ trees planted alone and be-

tween ‘Hass’ trees interplanted with 

‘Zutano’ as a pollinizer. The open 

‘Hass’ trees interplanted with ‘Zu-

tano’ gave, on average, 56 (about 

19%) more fruit than the open 

‘Hass’ trees planted alone (Fig. 7A). 

In the nets, the ‘Hass’ trees planted 

with ‘Zutano’ gave 21 more fruit 

on average compared to nets with 

only ‘Hass’ trees inside. Therefore, 

incorporating ‘Zutano’ with ‘Hass’ 

did increase fruit set in ‘Hass’ to a 

small extent.  

In March 2018, the open ‘Hass’ 

trees interplanted with ‘Zutano’ 

gave, on average, 106 (about 27%) 

more fruit than the open ‘Hass’ 

trees planted alone (Fig. 7B). This 

was quite a big difference and did 

indicate that ‘Zutano’ did increase 

fruit set in ‘Hass’ in this season. In 

the nets, the ‘Hass’ trees planted 

with ‘Zutano’ gave 14 more fruit 

on average compared to nets with 

only ‘Hass’ trees inside (Fig. 7B). 

The difference was not that major 

when comparing fruit set inside the 

nets (Fig. 7B). Thus, when bees 

were concentrated in the nets, they 

worked with what they had avail-

able. On the open trees where 

more bees and ‘Zutano’ pollen was 

available, ‘Hass’ trees interplanted 

with ‘Zutano’ gave a 27% increase 

in yield. Schaffer (2013) mentioned 

that substantial yields could still 

be attained with self-pollination, 

however, today yield expectations 

are increasing, which makes the 

Figure 7 (A and B). Harvest count on ‘Hass’ trees (average number of fruit 
per tree) taken in March 2017 and in March 2018 for four different treatments 
i.e. ‘Hass’ x ‘Hass’ in nets, ‘Hass’ x ‘Zutano’ in nets, ‘Hass’ x ‘Hass’ in open rows 
and ‘Hass’ x ‘Zutano’ in open rows.

A B

A B

Figure 8 (A and B). Average fruit size on ‘Hass’ trees taken after harvesting 
in March 2017 and in March 2018 for four different treatments i.e. ‘Hass’ x 
‘Hass’ in nets, ‘Hass’ x ‘Zutano’ in nets, ‘Hass’ x ‘Hass’ in open rows and ‘Hass’ 
x ‘Zutano’ in open rows.  

demand for an effi cient pollinizer essential. Garner et al. (2008) found that 

outcrossing is not the primary factor affecting fruit persistence and ultimate 

yield. In our case, we found that ‘Zutano’ fl owering period was not well 

synchronized with ‘Hass’ fl owering period, which made outcrossing for bees 

diffi cult and in spite of that, fruit yield on ‘Hass’ trees still increased where 

‘Zutano’ pollen was available.

Robbertse (1998) also found that nets without bees had very low yields. 

Bender (2014) mentioned that it was noticed by commercial farmers that 

‘Hass’ trees planted near ‘Zutano’ had a higher yield and that the effect 

is greater when the ‘Hass’ tree is only one tree away from the ‘Zutano’.

Comparing Figures 7 and 8, it can be seen thet there is a clear rela-

tionship between fruit number on a tree and fruit size. Where there are 

more fruit on the tree, the fruit are smaller, and with fewer fruit on the 

tree, the fruit are bigger. 

Depending on the demand, it seems possible that fruit size can be 

manipulated by controlling the number of fruit per tree.

CONCLUSION

According to in vitro results, ‘Ettinger’ and/or ‘Zutano’ could be recom-

mended as pollinizers for ‘Hass’. Field trials showed that ‘Zutano’ has a 

signifi cant impact on ‘Hass’ at the initial fruit set, but after fruit abscission 
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the differences become very small. Fruit abscission is 

high from October to December and decline from De-

cember to harvest time in March. Trees that develop 

many fruit tend to have smaller fruit and trees that 

develop less fruit tend to have larger fruit. By chang-

ing the fertiliser and irrigation programme, trees might 

hold/keep their fruit yield and size until harvesting. The 

fi nal assumption is that ‘Zutano’ could increase fruit 

set in Hass, only when suffi cient numbers of bees are 

available and synchronized fl owering between the cul-

tivars during the season. 

FUTURE RESEARCH ON FLOWER 

CHARCTERISTIC AND BEE ACTIVITY

Preliminary observations on bee activity amongst 

different avocado cultivars showed that fl ower vis-

its were generally highest when the fl owers on the 

trees were in the functional male phase. Additionally, 

more bees appeared to visit the fl owers of the B-type 

cultivars ‘Fuerte’ and ‘Zutano’. It is therefore reason-

able to suggest that bees have a preference for spe-

cifi c fl ower phase and cultivar. With regards to why 

bees prefer male fl owers in particular, may be due 

to the higher “energetic reward” that these fl owers 

offer compared to the female fl owers. When in the 

male phase, fl owers offer not only a source of sugar 

and amino acid-rich nectar, but protein-rich pollen as 

well, the latter of which is not available in the female 

stage fl owers (Carter et al., 2006). 

After determining that honeybees do prefer the 

fl owers of certain cultivars, the reason for this needed 

to be answered. According to Afi k et al. (2006), the 

volatiles from the fl owers may infl uence bee activity, 

which our fi ndings above support. Therefore we can 

reason that the differences in bee activity amongst 

the different cultivars and fl ower phases may be ex-

plained by the different volatiles exuded by the fl ow-

ers. It is the volatile emitted by the fl ower that acts 

as the primary attractant for the honeybees. 

In order to determine which volatiles were exuded 

from the fl owers, headspace sampling was conduc ted 

at the orchards of ZZ2 farms. Subsequently, the sam-

ples were analyzed by thermal desorption with com-

prehensive gas chromatography time of fl ight mass 

spectrometry (TDS-GC x GC-TOFMS) with the help 

of the Department of Chemistry at the University of 

Pretoria (Naudé and Rohwer, 2013). This process was 

conducted fi rst in 2017 and repeated in 2018, with 

the later study including a wider variety of cultivars. 

The results showed that the volatile profi les dif-

fered on the basis of both sex and cultivar of the 

fl ower. The volatiles that were ubiquitously expressed 

amongst all the fl owers were Limonene, Eucalyptol 

and Pinene. Limonene was expressed to a greater 

extent within the male fl owers. Limonene is also

found in high quantities in citrus fl owers. Afi k et 

al. (2006, 2007) found that honeybees favour the 

nectar of citrus fl owers above that of the avocado 

fl owers. Therefore, the volatile Limonene may aid in 

attracting honeybees, and fl owers high in this com-

pound may be preferred. 

The volatiles that are unique to certain fl ower 

phase and cultivar is also of interest because these 

compounds may be the reason for higher preference 

being shown to particular fl owers. Linalool is relatively 

unique to the female ‘Hass’ fl owers, and α-Cubebene 

is expressed in ‘Fuerte’ and ‘Ettinger’ only. Limited 

studies on the effect of these volatiles on bee behav-

iour have been done. This study therefore needed to 

conduct preliminary experiments to determine which 

volatiles were favoured by honeybees. This was ac-

complished with the use of an olfactometer, which 

tests a bee’s preference for a particular scent. Results 

showed that the volatiles Citral and Pinene were at-

tractive to honeybees. However, these fi ndings need 

to be repeated in order to gain a better understanding 

of what volatiles honeybees prefer.

The fi nal aspect relating to volatile emission was de-

termining whether or not factors such as genetics or en-

vironmental conditions can infl uence volatile exudation. 

‘Hass’ and ‘Fuerte’ fl owers from the orchards at the 

ZZ2 farms and the University of Pretoria were ana-

lyzed for their elemental composition. Potassium was 

found to be higher within the ‘Fuerte’ fl owers (11647 

mg/kg) compared to the ‘Hass’ fl owers (10984 mg/

kg). In terms of Phosphorous, ‘Hass’ fl owers (3160 

mg/kg) had higher concentrations than ‘Fuerte’ fl ow-

ers (2961 mg/kg). According to Afi k et al. (2014), the 

mineral constituents of the avocado fl owers, in par-

ticular Potassium and Phosphorous, are repellant to 

fl ower visitors. Environmental factors such as tem-

perature, and cultural practices such as fertiliser ap-

plications and irrigation schedules can infl uence the 

elemental composition of the fl owers. Further studies 

are required to determine whether or not the afore-

mentioned concentrations will ultimately deter honey-

bees and how this can be mitigated.
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ABSTRACT

The success of agricultural production is highly dependent on the availability of water resources. With agricul-

tural water use being the greatest consumer, it is imperative to determine the exact water requirements of any 

given crop. In avocado production, water needs of orchards are met through supplementary irrigation, hence 

knowledge of water use is vital for continued growth and expansion of the industry. The main objective of the 

study was to determine the water use of unstressed avocado trees under South African growing conditions. 

Measurements were in two orchards (intermediate and mature) at Everdon Estate, Howick, KwaZulu-Natal Mid-

lands for 5- and 12-year old ‘Hass’ on ‘Dusa’ avocado trees. The intermediate orchard was fi rst instrumented 

in April 2017 and the mature orchard in September 2017. Measurements continued to February 2019. Evapo-

transpiration (total water use) in both orchards was monitored using eddy covariance (EC). Grass reference 

evapotranspiration varied with season, ranging from 2 mm day-1 in winter to 7 mm day-1 in summer. Daily water 

use ranged from 1.5 to 8 mm day-1 with similar results recorded for both orchards. Predawn leaf water potential 

were greater than -0.3 MPa, hence, both orchards were not under water stress. Monthly crop coeffi cients (Kc) 

values ranged from 0.5 to 0.9 for both orchards. 

Water use of avocado orchards 
– Year 2

E Mazhawu1, AD Clulow1, MJ Savage1 and NJ Taylor2

1University of KwaZulu-Natal, Discipline of Agrometeorology, School of Agricultural, Earth and Environmental Sciences, 
Private Bag X01, Scottsville 3208, SOUTH AFRICA 

2University of Pretoria, Department of Plant and Soil Sciences, 
Private Bag X20, Hatfield 0028, SOUTH AFRICA 
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INTRODUCTION

Generally, agriculture uses most of the available water 

globally and is the most ineffi cient consumer (Hsiao 

et al., 2007). In South Africa, the agricultural sector 

uses almost 60% of the available water resources, 

with 90% of fruit orchards under irrigation (Taylor 

and Gush, 2009; Le Roux et al., 2015). Urbanisation 

and industrialisation in the face of recurring droughts 

have increased competition for available water re-

sources. The recent droughts experienced in South 

Africa has seen water restrictions in some areas. Er-

ratic and spatially variable rainfall has exercabated 

the need for farmers to depend on irrigation, result-

ing in increased competition within the agricultural 

sector. This requires the adoption of effi cient water 

use strategies. 

The South African avocado industry is export-ori-

ented, mainly targeting the European market. Avocado 

production is likely to increase, given the rising global 

demand for avocados. Currently, the national annual in-

crease in area under production is approximately 1000 

ha per year. This expansion needs to take place within 

a grower’s existing water allocation, making proper 

water management vital. Tree growth, yield and fruit 

quality are dependent on a good supply of water at the 

right time. Under- and over-irrigation negatively affect 

avocado production, which in turn affects the economic 

returns of avocado growers. In general, the fruit in-

dustry has highlighted the need to accurately estimate 

water requirements and optimise water use effi ciency 

and water productivity.

Estimating actual evapotranspiration (ET) can be an 

important aspect to ensure the proper use of water re-

sources. Since few attempts to determine the water 

requirements of avocado orchards have been made 

(Carr, 2013), the main objective of the study is to de-

termine the water use of unstressed avocado orchards.

MATERIALS AND METHODS 

The study was conducted in two commercial orchards 

at Everdon Estate, KwaZulu-Natal Midlands, South Af-

rica (29°26’37’’S, 30°16’22’’E, 1080 m a.s.l.). Details 

of the orchards are presented in Table 1. The orchards 

are approximately 1 km apart and were identifi ed 

based on their canopy size and hedgerow formation. 

In this study, an intermediate orchard is defi ned as 

distinct trees with a hedgerow not fully formed. A 

mature orchard is defi ned as an orchard with full bear-

ing trees with a canopy cover of 40-50%, with a fully 

formed hedgerow with trees that cannot be distin-

guished from one another (Fig. 1).

The orchards were irrigated following the farm 

protocols using capacitance probes (Aquacheck Cape 

Town, South Africa).

Weather variables

Daily weather data were obtained from an automat-

ic weather station (AWS) system available on site, 
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which is maintained by the Agricultural Research Council (ARC) and situ-

ated over a Kikuyu pasture. The recorded variables include rainfall, wind 

speed, air temperature, relative humidity and solar irradiance. Rainfall 

was measured at a height of 1.2 m while the other variables were mea-

sured at a height of 2 m. Reference evapotranspiration (ET
o
) was calcu-

lated for short grass using the FAO-56 Penman-Monteith equation (Allen 

et al., 1998). Crop coeffi cients (Kc) were calculated as:

Figure 1. Five-year old intermediate bearing ‘Hass’ orchard (A) and 12-year 
old, mature full bearing orchard (B) at Everdon Estate. 

Table 1. Details of the intermediate and mature full bearing orchards under 
study. 

Orchard details Intermediate Mature

Cultivar ‘Hass’

Rootstock ‘Dusa’

Year planted 2013 2006

Tree spacing 4 m x 7 m

Irrigation Microsprinkler (50 L h-1)

Average tree height 3.8 m 7.4 m

LAI 2.95 m2 m-2 4.75 m2 m-2

Soil type Hutton

A

B

Kc = ET

ET
o

Evapotranspiration (ET) is the 

combined loss of water by evapo-

ration from the soil and transpira-

tion from plants. 

Water use measurements

In this study, orchard water use 

is defi ned as evapotranspiration 

(ET) derived from latent fl ux mea-

surements using the EC system. 

The intermediate and mature full 

bearing orchards were instru-

mented in April and September 

2017, respectively.

In the intermediate orchard, the 

EC system consisted of an open 

path infrared gas analyser Li-7500 

(LI-COR Inc., Lincoln, Nebraska, 

USA) to measure CO
2
/H

2
O con-

centration and latent fl ux, and a 

three-dimensional sonic anemom-

eter (CSAT3, Campbell Sci. Inc., 

Logan, Utah, USA) measuring the 

wind components. Additional sen-

sors connected to the same sys-

tem included a four-component 

net radiometer (CNR1, Kipp & 

Zonen, The Netherlands) and four 

soil heat fl ux plates (HFP01, Huk-

sefl ux, Delft, The Netherlands) in 

parallel with soil thermocouples 

(Campbell TCAV-L). Volumetric 

water content was measured at 

three depths (80, 300 and 600 

mm) using CS616 water refl ec-

tometers. Sensors were connect-

ed to a 6-m lattice mast. In the 

mature orchard, all sensors were 

the same except that a Campbell 

EC150 CO
2
/H

2
O open path gas 

analyser was used. The sensors 

were connected to a 12-m lattice 

mast. EC measurements for both 

orchards were sampled at 10 Hz 

and sensors were connected to 

a Campbell CR3000 data logger. 

High frequency data were post 

processed using EddyPro software 

version 6.2.2 for corrected fl uxes. 

Daily water use (ET) was calculat-

ed from daily latent heat fl ux (LE) 

by the latent heat of vaporisation 

of water (2.45 MJ kg-1).

Predawn leaf water potential was 

measured on selected days to con-

fi rm the absence of water stress.

RESULTS AND DISCUSSION

Daily weather variables recorded 

from April 2017 to February 2019 

are shown in Figure 2. There 

was a clear seasonal pattern for 
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solar irradiance, minimum air tem-

perature (Tmin) and maximum air 

temperature (Tmax), indicating the 

availability of energy to drive ET. To-

tal rainfall for 2017 and 2018 was 

1222 and 967 mm respectively, with 

most rainfall being received in sum-

mer. The maximum air temperature 

for this period was 35.4°C, with a 

minimum of 2.4°C.

Cumulative ET
o
 was 722 and 1079 

mm for 2017 and 2018, respective-

ly. Daily ET
o
 varied between 0.2 mm 

day-1 and 7 mm day-1. The evapora-

tive demand (ET
o
) followed a seasonal 

trend, with high values in summer of 

3.65 mm day-1 and lower values in 

winter of 2.1 mm day-1 in winter (Fig. 

3A). ET
o
 increased with an increase in 

water vapour pressure defi cit (VPD), 

however, the response of ET was not 

further investigated to determine 

the stomatal response to VPD. Daily 

water use ranged from 0.2 to 8 mm 

day-1 (Fig. 3B). ET for both orchards 

followed a similar pattern to ET
o
. ET 

values for both orchards were simi-

lar regardless of the different cano-

py sizes, which is likely to be due to 

the contribution of soil evaporation.

The greater area exposed to solar 

radiation between trees in the inter-

mediate orchard most likely resulted 

in higher evaporation rates in this or-

chard. Hence the importance of parti-

tioning ET between transpiration and 

evaporation when quantifying orchard 

water use. 

The monthly crop coeffi cients (Kc), 

determined from ET and ET
o
, varied 

between 0.46 and 0.90 for the ma-

ture orchard and between 0.58 and 

0.88 for the intermediate orchard 

from October 2017 to September 

2018. Kc values varied from one year 

to the next, supporting the need to 

account for plant and soil contribu-

tions using the dual crop coeffi cient 

method. Kc values were slightly 

higher than those recommended 

for irrigation in California (Kc = 0.7) 

(Carr, 2013).

CONCLUSIONS

Evapotranspiration from both or-

chards was similar for the different 

canopy sizes and highly indicative of 

the prevailing weather conditions.

Figure 2. Daily weather variables recorded at Everdon Estate from April 
2017 to February 2019. 

Figure 3. A) Daily grass reference evapotranspiration (ET
o
) and water va-

pour pressure defi cit (VPD) calculated from the AWS system. B) Daily eva-
potranspiration (ET) of the intermediate and mature orchard at Everdon 
Estate from October 2017 to September 2018. 

A

B
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Figure 4. Monthly crop coeffi cients for the intermediate 
(IO) and mature orchards (MO). 

Transpiration measurements will provide the ex-

act tree water use and allow the calculation of the 

contribution of soil evaporation to the total orchard 

water balance. These fi eld-scale ET data and crop co-

effi cients will be critical for irrigation management of 

avocado orchards and are the fi rst water use results 

in South Africa using the eddy covariance method in 

an avocado orchard. Locally derived Kc values will 

ensure determination of precise estimates of water 

use for the sustainability of the industry. More mea-

surements are currently underway to partition ET 

into evaporation (using mini-lysimeters) and transpi-

ration (using sap fl ow method).
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ABSTRACT

It is well-known that the postharvest quality of avocado fruit is infl uenced by several pre-harvest factors, in-

cluding nutrition, maturity level and subsequent storage conditions. It is argued that the quality of avocado 

fruit is defi ned by its biochemical composition. This project started in 2017, as no recent thorough study, in-

cluding biochemical analysis of fruit from different cultivation practices and maturity levels (early-, mid- and 

late season fruit), had been conducted. This project aimed to investigate the differences in the fruit biochemical 

composition to enable differentiation between “good” and “poor” quality avocado fruit destined for export. The 

level of nitrogen being used in the orchard has previously been identifi ed among the factors that could affect 

the quality of the fruit; thus orchards selected for our trials included those with high, low and what is consid-

ered to be “optimum” nitrogen levels. In agreement with the data from 2017, mannoheptulose content showed 

decreasing trend from early- to late season and was found to correlate with a number of days to ripen. The 

main fatty acid identifi ed in avocado fruit was oleic acid (18:1). As the season progressed, its content increased 

in the fruit from all the orchards, however, we have also noticed that oleic acid content was higher when high 

level of nitrogen was used. There were some differences between the years. For example, the late season fruit 

from orchards with high level of nitrogen had high incidence of grey pulp (36-62%) in 2017, while this specifi c 

issue was not often found in 2018 fruit, even though there is still an indication that grey pulp is associated with 

increasing level of nitrogen. It is worth noting that high level of nitrogen led to increased incidence of vascular 

browning. The fi ndings also suggest that there is a link between the nitrogen level and disease incidence, i.e. 

early season fruit from low nitrogen level orchards had higher incidence of diseases, especially stem-end rot, 

which could be associated with these fruit being too immature, i.e. harvested too early – the role of nitrogen in 

fruit development. The phenolic acids content increased with ripening and decreased as the season progressed. 

The relationship between the fruit quality and specifi c phenolic acids is yet to be established.

Report on the incidence of diseases 
(anthracnose, stem-end rot) and 
physiological disorders in ‘Hass’ 
avocados from Tzaneen region

Continuation of the project: ‘Investigating the 

pre-harvest factors associated with the postharvest 

quality of ‘Hass’ avocados exported to the UK’
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2Natural Resources Institute, University of Greenwich, UK
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INTRODUCTION

This report follows the year-one report (Glowacz et 

al., 2018) with some of the findings from this proj-

ect (February 2017 – September 2018). The South 

African Avocado Industry (SAAI) is mainly export ori-

entated with more than half of the avocado produc-

tion being exported, predominantly to the European 

markets (Potelwa & Ntombela, 2015). As previously 

highlighted (Nelson, 2010), the industry faces com-

petition from other southern hemisphere countries 

such as Peru and Chile. Furthermore, due to long 

distance shipping and low storage temperatures re-

quired for the South African avocado fruit to reach 

overseas markets, avocados are at high risk of devel-

oping various physiological disorders (Nelson, 2010) 

– often determined by pre-harvest factors, including 
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irrigation, nutrition and growing location due to cli-

mate conditions, season (early, mid and late). The 

quality of the fruit varies among the years and may 

also be affected by postharvest handling of the pro-

duce at their destination.

The fruit quality is often related to the changes 

in the biochemical composition. Although it is wide-

ly accepted that the oil content (Ozdemir & Topuz, 

2004) and total phenolic concentration (Cutting et 

al., 1992) in avocado fruit increase with maturity, 

there is no clear indication of the behaviour of indi-

vidual fatty acids and phenolic acids and how they 

relate to visual quality of the fruit as the harvesting 

season progresses. Ozdemir and Topuz (2004) found 

a signifi cant increase in oleic acid and a decrease in 

the remaining fatty acids in ‘Fuerte’ avocado as the 

maturity level advanced. Similarly, Teng et al. (2015) 

observed an increase in oleic acid in late season fruit. 

On the other hand, changes in the phenolic com-

pounds were not clear (Golukcu & Ozdemir, 2010), 

as an increase in epicatechin content from the fi rst 

to the second harvest was reported, with a decrease 

from the second to the third harvest. 

The postharvest quality of the fruit is often affected 

by nutrition, e.g. calcium and nitrogen level. High ni-

trogen application can lead to high N/Ca ratio, which 

has been associated with an increase in certain inter-

nal disorders in apples (Ferguson & Watkins, 1989) 

and pears (Curtis et al., 1990). High nitrogen applica-

tion has been reported to induce cytokinin activation 

Figure 1. Number of days to ripen the ‘Hass’ avocado fruit from high, optimum and low nitrogen level orchards during 
the early-, mid- and late season.  

Figure 2.  Anthracnose incidence in ‘Hass’ avocado from high, optimum and low nitrogen level orchards during the 
early-, mid- and late season. 

that may alter the production of ethylene and abscisic 

acid (Hernández et al., 2016), thus interfering with 

fruit development, ripening and senescence.

The overall objectives of this project are: i) to de-

termine the incidence of mesocarp disorders and in-

cidence of diseases in ripe early-, mid- and late sea-

son ‘Hass’ avocado fruit from Tzaneen region, South 

Africa; ii) to conduct biochemical analyses - C7 sugar, 

fatty acids and phenolic compounds (from harvest, 

through cold storage at commercially used tempera-

tures for export up to the point when the fruit is ripe 

and ready to eat); iii) to subsequently establish a 

possible relationship between the incidence of dis-

eases and mesocarp disorders and biochemical com-

position of the fruit. This needs to be done in order 

to meet high consumer expectations, and to ensure 

that South Africa remains among the preferred avo-

cado suppliers for the European market.

MATERIALS AND METHODS

The methodology used in this work has been ex-

actly the same as described in the previous report 

(Glowacz et al., 2018). 

RESULTS AND DISCUSSION

Similar to the previous observations (Glowacz et al., 

2018) and in agreement with other researchers, fruit 

ripened faster with progressing season (Fig. 1). The 

percentage of avocado fruit with anthracnose is shown 

in Figure 2. In 2017, anthracnose incidence appeared 

to be higher in the early season fruit compared
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with those harvested during the other seasons. Even 

though this trend was still observed in 2018, the dif-

ference between seasons was less obvious. Inter-

estingly, in both years the orchards with “optimum” 

nitrogen levels had a lower incidence of anthrac-

nose. Anthracnose has previously been found to be 

enhanced by the application of high level of nitro-

gen in mango orchards (Nguyen et al., 2004). Find-

ing further supported by Bally et al. (2009) who also 

observed that the application of nitrogen at the in-

termediate stage of fl owering and fruit development 

signifi cantly increased the severity of anthracnose in 

mango. 

It is also worth noting that incidence of anthrac-

nose often depended on the orchards (hence the high 

standard error). This suggests that the occurrence 

of anthracnose could be related to other pre-harvest 

factors (orchard management), such as the timing 

of the nitrogen application (Bally et al., 2009), fun-

gicide sprays and postharvest stress, such as water 

loss during storage (Bower and Cutting, 1988). 

The percentage of fruit with stem-end rot is pre-

sented in Figure 3. There was also no clear trend for 

the seasons and nitrogen levels during both years, 

however there was an indication that in years with 

the high incidence of stem-end rot, the orchards with 

low nitrogen level exhibited the highest incidence, 

especially in the early-season fruit. The stem-end rot 

pathogen is present in the living and dead plant parts 

and the inoculum is produced mainly in high humidity

Figure 3. Stem-end rot incidence in ‘Hass’ avocado from high, optimum and low nitrogen level orchards during the 
early-, mid- and late season. 

Figure 4. Grey pulp incidence in ‘Hass’ avocado pulp from high, optimum and low nitrogen level orchards during the 
early-, mid- and late season. 

conditions (Dreistadt, 2008). Twizeyimana et al. 

(2013) reported that early-season fruit are more 

prone to stem-end rot due to a high level of humid-

ity during harvest. This would fi t with an idea that 

level of rainfall could affect the disease incidence, i.e. 

dryer year 2016 (2 rainy months) resulted in lower 

disease incidence in 2017, while rainy 2017 (4 rainy 

months) led to higher incidence of disease the fol-

lowing year. 

Figure 4 illustrates the average percentage of grey 

pulp in early-, mid- and late season in ‘Hass’ avocado 

fruit from high, optimum and low nitrogen level or-

chards in the Tzaneen production area in 2017 and 

2018. Grey pulp incidence was much lower in the 

orchards with low nitrogen level in 2017, whereas 

the impact of nitrogen level on grey pulp incidence 

was less evident in 2018, due to the frequency of 

this issue being lower. In both years, grey pulp was 

associated with late-season fruit. It has been sug-

gested that high level nitrogen application may inter-

fere with the ethylene and abscisic acid production/

signaling (Hernández et al., 2016).

The pulp epicatechin content of early-, mid-, and 

late season ‘Hass’ avocado pulp in fruit originating 

from high, optimum and low nitrogen level orchards 

from different producers in the Tzaneen production 

area is presented in Figure 6. Overall, there was 

some variation in the data. The early season fruit 

from low nitrogen orchards had a higher concentra-

tion of epicatechin compared to those from the high 
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Figure 6. Epicatechin content of ‘Hass’ fruit pulp originating from high, optimum and low nitrogen level orchards during 
the early-, mid- and late season.  

and optimum nitrogen orchards at harvest. In the 

mid- and late seasons, the fruit from the high nitro-

gen orchards displayed the highest epicatechin con-

tent compared to the fruit from the optimum and low 

nitrogen orchards at harvest. The data suggest that 

the epicatechin content increased with progressing 

ripening, however this could also be associated with 

the improved extractability as fruit ripens. 

Postharvest browning of fruit occurs as a result 

of oxidation of quinones, which are produced by the 

conversion of monophenols by the enzyme polyphe-

nol oxidase (Martinez and Whitaker, 1995). Phenolic 

acids are found in the cell vacuole and other special 

tissues. They are released only when the membrane 

integrity has been compromised. Polyphenol oxidase 

(PPO) is suggested to play a role in plant defence. 

The interaction between polyphenol oxidase and 

phenolic compounds produces antibacterial and anti-

fungal compounds (hydroxyphenolics and quinones) 

which may polymerise to seal off infected tissues 

(Vaughn et al., 1988). In other words, the prima-

ry role of the reaction between polyphenol oxidase 

and phenolic compounds is to repair tissue damage, 

Figure 5. Vascular browning incidence in ‘Hass’ avocado pulp from high, optimum and low nitrogen level 
orchards during the early-, mid- and late season. 

however, the reaction by-products (quinones) are 

easily oxidised to brown melanin pigments (Bower 

and Cutting, 1988). Tissue browning refl ects loss in 

membranes integrity but a strict correlation between 

the total level of phenolic compounds and the quality 

of the fruit does not always exist (Kołodziejczyk et 

al., 2010). Thus, we will attempt to link changes in 

fruit quality with changes in the content of individual 

phenolic compounds. 

CONCLUSION

The two-year investigation of pre-harvest factors 

(e.g. orchard location, nitrogen level and season) as-

sociated with the postharvest quality of ‘Hass’ avo-

cados from Tzaneen region exported to the UK re-

vealed that mannoheptulose content which showed 

a decreasing trend from early- to late season cor-

relates well with a decreasing number of days to 

ripen as the season progresses. High nitrogen level 

orchards yielded fruit with higher values of this C7 

sugar when compared to the fruit of the low nitrogen 

level orchards. During the ripening stages, the C7 

sugar declined, regardless of the level of nitrogen in 
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the orchard. The content of oleic acid increased in the 

fruit as the season progressed. However, fruit from 

orchards with high nitrogen level had higher content 

of this fatty acid when compared to low nitrogen level 

orchards.

Even though high nitrogen level is often used to 

promote fruit growth and development, and also 

leads to fruit with higher level of mannoheptulose 

and oleic acid, it may have a negative impact, espe-

cially in the late season fruit – grey pulp, which could 

be related to higher “age of the fruit”. 

The content in epicatechin was quite variable 

and no clear trend was found, thus they could not 

be directly linked to the incidence of grey pulp and 

fruit quality. The relationship between other phenolic 

compounds and fruit quality is yet to be determined. 

Further data analysis will be conducted to establish a 

possible relationship between the biochemical com-

position of the fruit with the observed fruit quality. 
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ABSTRACT

Agricultural practices are reviewed in relation to soil health. Classical approaches to improve soil health, i.e. 

biological control of Phytophthora cinnamomi and soil solarization, did not meet the expectations. Although 

appropriate mulching and cover crops is usually benefi cial to avocado plants, few studies paid attention to the 

physical, chemical and biological properties of the soil. Tremendous developments are touched upon, which 

include soil microbes, fungi and fauna. The magnifi cent advances in gene technology, biochemistry and a better 

knowledge into the soil biota, pave the way to improve soil health and yield. 

Soil health and the soil biota

JJ Bezuidenhout 
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INTRODUCTION

With success of Phytophthora control in the early 

1980s, meaningful disease/pest control and horti-

cultural practices could be implemented. The third 

development phase in avocado production, with the 

improved yields and lower price, was that cost man-

agement became crucial. Simultaneously consumers 

became more concerned about safe, healthy food 

and caring about environment where the commodi-

ties were produced. Farm practices accordingly shif-

ted to sustainable agriculture with the conservation 

of non-renewable resources such as soil, water and 

minerals, and the maintenance or restoration of the 

surrounding ecology.

The Soil Health fi t comfortable in with sustainabil-

ity, a concept introduced to South African avocado 

farmers by Pieter Pieterse in 2011 (Nzanza & Piet-

erse, 2011; 2012 & 2013). The idea of soil health 

was developed by a team at the Cornell University 

(Gugino et al., 2009; Moebius-Clune et al., 2017). 

Soil health refers to the biological, chemical and 

physical features of soil that are essential to long-

term, sustainable agricultural productivity with mini-

mal environmental impact. Thus, soil health provides 

an overall picture of soil functionality. Although it 

cannot be measured directly, soil health can be in-

ferred by measuring specifi c soil properties (e.g. 

organic matter content) and by observing soil status, 

e.g. fertility. 

The aims of this paper are: 

 Summarise the soil health (SH) concept.

 Review research been done on avocado related to 

SH.

 Summarise recent advancements in soil ecology.

The Soil Health concept

Soil health (SH) is established through the interactions 

of soil’s physical, chemical and biological properties. 

The state of SH are defi ned by the overlap of these 

three components for a specifi c plant (Fig. 1) while Ta-

ble 1 summarise the main features of the SH concept.  

Figure 1. Diagrammatical representation of the physical, 
chemical and biological parameters that defi ne soil health.

Avocado research related to soil health 

Although the physical and chemical properties of ide-

al avocado soils are well defi ned, biological factors of 

soil, with a few exceptions, are poorly understood. 

Due to its devastating effect of Phytophthora cinna-

momi on avocado health, almost all the research was 

directed to the control of this pathogen, while soil 

health per se was not the purpose of the studies. 

Majority of the investigations concentrated on the 

nature of suppressive soils, antagonists towards P. 

cinnamomi, mulching and other soil amendments to 

improve avocado health or yield. 

Avocado root distribution 

Avocado roots are not static. Soil type, root-rot and 

phenology of the plant, irrigation and cover crops in-

fl uence root distribution through the soil profi le. 

A healthy avocado tree in a homogenous sandy 

soil with a low bulk density has roots that are uni-

formly distributed, vertically and horizontally. How-

ever, where Phytophthora infected the roots, the 

distribution became discontinuous horizontally and 
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Physical parameters Biological parameters Chemical parameters

Available water capacity Total amount of organic matter Standard soil test analysis of pH and 
plant nutrients 

Surface hardness at a depth between 
0 and 15 cm

Amount of organic matter easily 
metabolized by microbes

Salinity and sodicity: Salinity 
is a measure of the soluble salt 
concentration in soil. Sodicity 
is the sodium absorption ratio 
calculated from Na+, Ca2+, and Mg2+ 

concentration

Subsurface hardness at a depth 
between 15 and 45 cm

Amount of protein Levels of metals detrimental to 
human or plant health

Aggregate stability - how well soil 
aggregates resist disintegration when 
hit by rain drops

Soil respiration rate

Potentially mineralizable nitrogen: 
It is a combined measure of soil 
biological activity and substrate 
to mineralize nitrogen to make it 
available to plants.

Table 1. Description of the main abiotic and biotic parameters which defi ne Soil Health.  

with depth. In soils where the bulk density is above 

1,7 g/cm3, avocado roots did not effectively pene-

trate from one soil texture and structure into another 

and the root mass was very low compared to sandy 

homogenous soils (Durand & Claassens, 1987). 

Salgado and Toro (1995) observed the number of 

roots found in fall is more than double the number 

found in the other seasons, when the roots are in 

their fi rst phase of rapid growth. Heavy soils obtained 

25% more roots than light ones, and 30% more roots 

were counted in trees under drip irrigation than those 

irrigated by micro-sprinkler. In all cases more than 

70% of the active roots were found deep (50-75 cm) 

and in the intermediate soil layer (25-50 cm), 170-

220 cm apart from the trunk. Maximum total density 

of the active roots (TDAR) was found in fall, in the 

superfi cial soil layer of heavy soil. This was reduced 

to a sixth in spring, and later in summer increased to 

a half of TDAR in fall. A similar variation pattern was 

observed for light soil, even though fall TDAR pre-

sented a half as many roots as were found in heavy 

soil. With micro-sprinklers, the superfi cial soil layer 

hold 15% of total roots as a maximum, with the ex-

ception of light soil in fall (44%) and spring (31%). 

Additionally, the observed TDAR is 80% greater in 

light soils. These facts allows to suggest that the mi-

cro-sprinkler irrigation system restricts root growth 

in heavy soils, possibly as a consequence of an un-

favourable air/water balance in soil, which limits the 

interchange of gases and the accumulation of inad-

equate substances derived from anaerobic reactions. 

No roots were found in the fi rst, most humid soil 

layer of the sectors closest to the micro-sprinkler in 

heavy soils.

Similar to the type of irrigation, soil properties and 

Phytophthora infections, cover crops infl uence root 

distribution. Atucha et al. (2012) reported on the ef-

fect the mixed cover crops, Medicago polymorpha 

and ryegrass (Lolium rigidum var. wimmera), had 

on roots. The authors observed that avocado trees 

in the bare plots (i.e., no cover) had more roots of 

a bigger diameter (>0.2 mm) in the top 30 cm of 

soil, while trees in temporary and permanent ground 

cover plots had more roots in the 30-60 cm depth of 

a smaller diameter. Root production was higher in a 

non-bearing year than in the bearing year. Lifespan 

of spring-produced roots was greater than those pro-

duced during autumn and summer, and soil depth 

and root diameters were positively correlated with 

root longevity. Lifespan of thinner roots (<0.2 mm) 

in the bare plots and temporary ground cover plots 

were greater than those in the permanent ground 

cover plots. The authors concluded that avocado 

trees grown in contrasting conditions compared with 

their native habitat, show high morphological root 

plasticity, in response to resource and non-resource 

competition when grown in mixed stands. 

Note: Medicago polymorpha forms a symbiotic re-

lationship with the bacterium Sinorhizobium, which 

is capable of nitrogen fi xation. Velvet bean (Mucuna 

pruriens), often used as a cover crop by avocado 

growers, has the potential to contribute to soil N. 

It has often been assumed that Mucuna will freely 

nodulate, fi x N2 and therefore contribute to soil N, 

however, it is not the case and inoculation with com-

patible symbiotic Rhizobium is required for N fi xation 

(Houngnandan et al., 2000).  

Soils suppressive to P. cinnamomi and 

antagonists of Phytophthora

The impact of microbes on plant health is evident, 

most clearly in disease-suppressive soils. The micro-

fl ora of most soils is starved. As a result, there is 

a fi erce battle in the rhizosphere between the mi-

croorganisms that compete for plant-derived nutri-

ents (Raaijmakers, 2009). Most soil-borne pathogens 

need to grow saprophytically in the rhizosphere to 

reach their host or to achieve suffi cient numbers 

on their host before they can infect host tissue and 
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effectively escape the rhizosphere battle zone. The 

success of a pathogen is infl uenced by the microbial 

community of the soil in which the infection takes 

place. Every natural soil has the ability to suppress 

a pathogen to a certain extent. This can be deduced 

from the disease severity following pathogen inocu-

lation in pasteurized soils compared with non-pas-

teurized soils. Avocado soils are no exception, as the 

following research illustrate. The same is true for 

antagonists toward P. cinnamomi where many spe-

cies were isolated. However, with in vivo tests the 

antagonist either did not control the pathogen or only 

for a limited period of time. 

The phenomena known as P. cinnamomi suppres-

sive soil was fi rst reported by Broadbent et al. in an 

avocado orchard at Tamborine Mountain on the east 

coast of Australia in the early 1970s (Broadbent, 

Baker & Waterworth, 1971). Later Baker & Cook 

(1974) defi ned a disease suppressive soil in which 

either the pathogen cannot establish, becomes es-

tablished but fails to produce disease, or becomes 

established and causes disease at fi rst but diminishes 

with continued cultivation of the crop.

The discovery of soils that suppress disease, even 

in the presence of P. cinnamomi, led to an increased 

interest in soil ecology (Malajczuk, 1983). Malajczuk & 

McComb (1979) and Weste & Vithange (1977) found 

microbial populations to differ qualitatively and quan-

titatively, with greater numbers occurring in suppres-

sive soil. Contradictory to this, Maas & Kotzé (1989) 

found greater number of microbes to occur in the 

diseased soils. However, each soil harbored specifi c 

dominant genera. Trichoderma spp and Gliocladium 

roseum occurred in greater numbers in each of the 

diseased soils, whereas Penicillium species were pre-

dominantly associated with the three healthy soils.

Greater numbers of pseudomonads were also 

found to occur in the P. cinnamomi diseased soil and 

the soil collected from the stunted tree. Pseudomo-

nads have been reported to stimulate sporangium 

formation of P. cinnamomi (Marx & Haasis, 1965). 

Malajczuk (1983) showed that there was a correla-

tion between the number of antagonistic bacteria and 

actinomycetes and the suppressive potential of soils. 

The results of Maas & Kotzé (1989) study corroborate 

this tendency, as a signifi cantly greater number of 

antagonistic bacteria and actinomycetes were found 

to occur in the healthy soils. 

Maas & Kotzé (1989) reported that fungi isolated 

from avocado soil in general were more antagonistic in 

vitro to P. cinnamomi than bacteria and actinomycetes. 

Botha et al. (1989) compared different in vitro 

screening techniques to evaluate four avocado root-

stocks for susceptibility to P. cinnamomi. Attraction 

of P. cinnamomi zoospores by exudates from excised 

avocado roots, diffusing through a dialysis mem-

brane, accurately refl ected tolerance or susceptibility 

and eliminated the need for laborious processing of 

roots for microscopy. Similarly, lesion development 

on detached roots and leaves, after inoculation with 

the pathogen, correlated well with fi eld performance 

of the various rootstocks, yet was simple to perform. 

From soil where avocados showed exceptional 

growth in presence of P. cinnamomi, ninety fi ve bac-

teria were isolated, and of those, nine precluded the 

pathogen to invade detached avocado roots in vitro but 

none in artifi cial infected soil (Maas & Kotzé, 1990). 

Duvenage et al. (1991) found, of the 48 soils eval-

uated in Tzaneen area, 12 signifi cantly reduced root 

rot of blue lupine seedlings in comparison to the con-

trol treatments. When sampled again, together with 

soil from diseased trees from each orchard, evalua-

tion of the 12 soils showed eight to consistently and 

signifi cantly reduce root rot. Further investigations 

into the nature of these soils were abandoned or 

not published. 

A strain of Myrothecium roridum proved to be the 

most active antagonist in controlling P. cinnamomi 

in repeated greenhouse pot tests with highly sus-

ceptible seedlings of Persea indica inoculated with P. 

cinnamomi. M. roridum was grown on a wheat-bran 

medium and introduced into a peat-perlite mixture at 

2.5% (w/v) two weeks before inoculation with P. cin-

namomi. In a medium with P. indica inoculated with 

zoospores of P. cinnamomi, M. roridum suppressed 

root infection by 50 to 94% compared with unin-

oculated controls. In the same experiments there 

was no signifi cant difference in the level of control 

achieved by either M. roridum or the fungicide potas-

sium phosphonate (2.5 mg/pot). In three naturally-

infested fi eld soils, root infection ranged from 12 to 

54% in the presence of M. roridum, compared with 

58 to 93% for controls over the same 4-week period. 

On a selective medium containing carbendazim, a 

fungicide-resistant mutant of the of M. roridum strain 

was isolated consistently from the root tips of P. in-

dica growing in infested soil four weeks after transfer, 

demonstrating the apparent rhizosphere competence 

of this strain in the three soils (Coffey & Gees, 1992). 

The use of alginate pellets imbedded with skim 

milk powder and antagonistic bacteria proved much 

more effective than a seed dip of ‘Edranol’ seed into 

the same alginate, skim milk powder and bacteria 

suspension (DV Van der Merwe, 1992).

Duvenage & Köhne (1995) found three fungal an-

tagonists, Paecilomyces fi lacinus, Aspergillus candi-

dus and Trichoderma hamatum, isolated from sup-

pressive soil were effective in suppressing root rot. 

These antagonists have been evaluated since 1992 

for control of root rot in avocado trees in the fi eld. 

Populations of the antagonists have been found to 

increase in the root zone of newly planted trees (af-

ter antagonist treatment in the nursery and in the 

orchard) and in the root zone of 15-year old ‘Hass’ 

and ‘Fuerte’ trees after antagonist treatment in the 

orchard. These fi ndings were not substantiated in 

long term studies. 

Eight Trichoderma isolates that overgrew and halt-

ed growth of P. cinnamomi in vitro were evaluated in 

the green house for biological control of Phytophthora 

root rot of avocado seedlings grown in pre-sterilized 

pine bark medium. Millet seed inoculum of Trichoder-

ma harzianum (C4 and BB5) and T. hamatum (F56) 

signifi cantly reduced root rot and stimulated root 
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regeneration of seedlings. T. harzianum (BB5) isola-

ted from pine bark, caused an increase in root mass 

of avocado seedlings grown in the absence of P. cin-

namomi. Pc populations were signifi cantly reduced 

by C4 and F56, but not by BB5 (McLeod, Labuschag-

ne & Kotzé, 1995). 

Of the four carrier substrates (millet seed, peat, 

composted citrus waste and composted pine bark) 

tested for sustaining antagonist for controlling P. cin-

namomi, the highest colonization was obtained with 

millet seed at 60% water content (Landman, Labus-

chagne & Kotzé, 1996). 

Multiple applications of T. harzianum eliminated 

the effect of Phytophthora in the greenhouse, where-

as B. megaterium was ineffective. In the fi eld, the 

best effect on plant growth was obtained with T. har-

zianum in combination with solarization, followed by 

application of 4 kg composted citrus waste per tree 

(Landman et al., 1997). 

Avocado plants that received antagonistic endo-

phytes prior to P. cinnamomi-infection showed a sig-

nifi cant decrease in disease incidence with ratings 

from 2-40%, compared to 94-100% for the control 

plants (Hakizimana et al., 2011).

In a study at the north coast of Peru, treatments 

with Trichoderma sp., followed by Trichoderma har-

zianum, have proven to have the highest percent-

age of healthy roots 60 days after inoculation with 

P. cinnamomi. These two isolations were taken from 

healthy avocado trees of Chavimochic Irrigation 

area. In general, local strains have shown the best 

control while strains introduced from other areas 

have responded poorly (Apaza et al., 2015).

Alternative approach to treat the plants with an-

tagonists to P. cinnamomi exists, e.g. apply antag-

onistic substances or inoculate nursery seedlings 

excised with mycorrhiza colonized avocado roots. 

An example of the fi rst approach is where volatiles 

produced by rhizobacteria (bacteria in the region 

of root) were found to inhibit P. cinnamomi in vitro 

(Me´ndez-Bravo et al., 2018). The latter approach 

is much more challenging (Shu et al., 2016) though 

promising results were obtained paving the way for 

future developments. 

Soil solarization

Although solar solarization reduce the incidence of 

soil-borne pathogens, inoculum levels of other mi-

crobes also decrease, therefore reinfestion is often 

more severe than prior to solarization. 

Gallo-Llobet & Siverio (1995) conducted two fi eld 

trials to evaluate soil solarization effectiveness in 

controlling avocado root rot. Results showed 88% of 

avocado and 92% of P. indica survived in the solar-

ized plot (covered with transparent polyethylene for 

4-6 weeks); control showed 21% for avocado and 

8% for P. indica survival.  

López et al. (1995) found solarization of 5-8 

weeks achieved good control of P. cinnamomi in-

fecting rootlets in the 10-20 cm upper soil layer, but 

the pathogen remained viable in deeper layers from 

which a recolonization was initiated. That accounts 

for the reinfestation of the upper layer of soil noticed 

after ca. 1 yr since the beginning of solarization.

Cover crops

Avocado farmers are well aware of the benefi ts of 

cover crops on soil structure and texture. Less known 

is the use of an oat strain that produce avenacine as 

a cover crop for avocados which showed promising 

results (Bezuidenhout, unpublished). 

In laboratory experiments, roots of oats (Avena 

sativa) and the grass Arrhenatherum elatius caused 

attraction and subsequent lysis of zoospores of Al-

lomyces arbuscula, Aphanomyces sp., Phytophthora 

cinnamomi, Pythium aphanidermatum, P. arrheno-

manes, P. graminicola, P. intermedium, P. ultimum 

var. sporangiferum and Saprolegnia litoralis. The lytic 

compound, thought to be the saponin avenacin, was 

released from apparently undamaged oat roots. It 

prevented cyst wall formation by zoospores, but it 

was only weakly active or inactive against pre-en-

cysted zoospores and vegetative mycelia of Pythium 

spp. Its effects on zoospores were paralleled by the 

saponin ß-aescin. In preliminary tests, these com-

pounds retained activity after passage through, or 

incubation in, soil (Deacon & Mitchell, 1985).

Mulching and soil amendments

Extensive literature exists on the mulching of avo-

cado trees. In general, mulching had a benefi cial ef-

fect on the tree condition if combined with chemical 

P. cinnamomi control. One research group reported 

that soluble silicon inhibit P. cinnamomi to the same 

extend than phospite/phoshonate. However, these 

fi ndings have yet to be commercially verifi ed. 

On a silt-clay-loam soil (the soils are usually al-

kaline with a high potassium content) in an avoca-

do growing region north of Los Angeles, Eucalyptus 

mulch and gypsum did not affect ‘Hass’ avocado and 

the mulched trees had increased diseased symptoms 

while gypsum had no effect on disease ratings (Faber 

et al., 1995). 

Duvenage et al. (1993) reported on avocado trees 

(Tzaneen region) which had recovered from root rot 

that received different types of organic amendments, 

while chemical treatment was discontinued. Condi-

tion of trees from all treatments declined signifi cantly 

during the third and fourth year of the study, pos-

sibly as a result of drought stress. The yield of trees 

receiving no treatment at all, or only cattle manure, 

declined signifi cantly after three or four years. How-

ever, legume cover crop (Dolichos lablab) or lucerne 

straw mulch (on its own or combined with cattle ma-

nure) seemed to inhibit yield decline. However, the 

researchers cautioned the results and it must be 

seen in the light of the drought during the study and 

may differ in years of normal rainfall. 

‘Hass’ root health improved by the application of 

coarse pine-bark mulch and calcium acetate crys-

tals, 500 g every month, with trials in KwaZulu-Natal 

Midlands. Rate of fruit growth and total growth were 

signifi cantly greater on the mulch treatment. At har-

vest, the mulch treatment resulted in a signifi cant 
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increase in mean fruit mass, mean 

fruit number per tree and total 

yield (Moore-Gordon et al., 1995).  

In a subsequent report, Moore-

Gordon et al. (1997) found over 

three seasons, mulching elevated 

average fruit yields by 22,6%, 

and increased mean fruit mass 

by 6,6%. The number of fruit that 

were considered highly suitable, 

and acceptable for export, were 

increased by 45% and 20% re-

spectively. Initial costs of the pine 

bark were off-set within two sea-

sons, thus providing growers with 

a practical means of boosting fi -

nancial returns, especially since 

pine bark is considered to have a 

half life of approximately fi ve year. 

Wolstenholme et al. (1996) 

concluded that the most suitable 

mulches are mulches with C : N 

ratio of more than 25 : 1, but less 

than 100 : 1; fi brous, stalk, straw 

materials with a moderate rate 

of breakdown; and composted, 

chunky pine barks.   

Mavuso & Willis (2007) evalu-

ated in pot and Tzaneen fi eld tri-

als the effect of different mulch 

materials, compost and organic 

products on tree condition and 

root health. In the pot trial, un-

grafted Duke 7 seedling plants 

were transplanted into a soil mix-

ture and inoculated with P. cinna-

momi, then treated with different 

mulches. The trial was evaluated 

after eight months. Root health 

was signifi cantly improved by the 

application of gypsum, pine bark 

/ antagonist mix, coarse eucalyp-

tus wood chips and Braak’s pine 

bark medium, when compared to 

the control. In the fi eld trial, tree 

health ratings were done at the 

start of the trial in August 2005 

and mulches were applied in Oc-

tober 2005. Small differences 

between treatments have been 

noted in the tree health ratings 

done in August 2006. Root health 

and density were assessed by 

means of digital photographs. Soil 

moisture fl uctuations underneath 

the mulches were monitored with 

tensiometers. Initial results indi-

cated that under wet conditions the 

sawdust mulch was saturated and 

this lead to higher soil moisture 

readings when compared to oth-

er mulches. Under dry conditions

water did not easily reach the soil beneath the mulches when com-

pared to the control. P. cinnamomi infestation in the soil underneath the 

mulches was determined and the lowest inoculum of P. cinnamomi was 

found associated with avocado wood chips. Leaf mineral analysis results 

indicated that partially composted Westfalia compost and cattle manure 

resulted in below normal nitrogen levels in the leaves.  

In the following year, Mavuso (2008) reported on a fi eld trial that 

was established in August 2005 with ‘Lamb Hass’ to evaluate the ef-

fect of different mulch materials, compost and organic products on tree 

condition and root health: Wood shavings, Compost tea / Cattle ma-

nure Foliar, 50% mature Westfalia compost, Fully mature Westfalia com-

post, Eucalyptus wood chips, Westfalia compost / Eucalyptus wood chips 

(1:1), Saw dust, Cattle manure, Avocado wood chips, Organic gypsum 

+ Avocado wood chips, and untreated control (natural mulch removed). 

Between 2005 and 2007 a general decline in tree health rating was ob-

served in all treatments except in the treatment with avocado wood 

chips. Under wet conditions the sawdust mulch was saturated and lead 

to higher soil moisture readings. Under dry conditions, water did not 

easily reach the soil beneath the mulches when compared to the control. 

In 2006 the lowest level of P. cinnamomi inoculum was found associated 

with avocado wood chips, which was continued in 2007, as well as where 

avocado wood chips were applied as mulch in combination with gypsum. 

The use of avocado wood chips, alone or in combination with gypsum, 

might reduce the levels of P. cinnamomi present in the soil.

Three applications of soluble potassium silicate per season resulted in 

signifi cantly higher concentrations of crude phenolic compounds in the 

roots, compared to the untreated control and potassium phosphonate 

(Avoguard) according to Bekker et al. (2007).

THE SOIL BIOTA

The fi ve distinct habita of trees are: branches, canopy (leaves – phyl-

losphere), mulch layer, rhizosphere (region of the roots) and soil without 

roots. Each of these habita harbor a specifi c community of organisms 

which include prokaryotes (without a nuclear membrane – bacteria and 

archaea) and eukaryotes (with a nuclear membrane – fungi, plants e.g. 

Figure 2. Organization of the soil food web into three categories – ecosystem 
engineers, litter transformers and micro-food webs. (After Wardle, 2002, and 
Lavelle et al., 1995.) 
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Figure 3. Difference in structure and mechanism of 
polypeptide synthesis between a prokaryote and eukary-
ote.  

Figure 4. The universal tree of life constructed by sequence analysis of single subunit rRNA genes, redrawn and adapted 
from Wheelis et al. 1992. Groups with an asterisk ( * ) do have some macroscopic members. 

algae and microfauna – insects, spiders, nematodes 

etc.). Soil biota consists of the organisms which oc-

cupy mulch, rhizosphere and the surrounding soil.

Complex Interactions exist between the communi-

ties in a habitat with other habita. Modifying the com-

munity structure in the rhizosphere results in change 

in the phyllosphere organisms, and vice versa. Eco-

logical studies and related fi elds of research between 

plants and the associated biota are therefore ex-

tremely challenging, however most rewarding.

The food web of soil biota illustrates activities and 

interplay between the various groups (Fig. 2).

Prokaryotes – Bacteria and Archaea

Signifi cant breakthroughs in molecular biology the 

last thirty years, with advances in automated-gene 

sequencing, allow the characterization of a greater 

proportion of the soil biota. Less than 1-5% of the 

soil microbes can be cultured. Though advances in 

analysis of enzymes provide information regarding 

the microbial diversity, physiology and biochemistry 

led to the conclusion that soil is the greatest reposi-

tory of genes in nature.

Studies based on sequences of 16S rRNA and 18S 

rRNA distinguishes three groups of life - bacteria, ar-

chaea and eukaryotes (fungi, plants and animals). 

16S rRNA is present in the small subunit of bacteria 

and archaea ribosomes as well as mitochondrial ri-

bosomes in eukaryotes. 18S is the homologous small 

subunit rRNA of eukaryotes. In terms of phylogenetic 

distance and biochemistry, archaea and bacteria are 

as distinct from each other as they are from eukary-

otes (Woese et al., 1990). Despite the huge differ-

ence between bacteria and archaea, they are conve-

niently called prokaryotes.  
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Soil bacterial and archaeal communities are now 

characterized by analysis of 16S rRNA. The results 

showed that bacteria that were previously consid-

ered to be typical soil inhabitants, such as pseudo-

monads and actinobacteria, are often rare, whereas 

many novel, yet to be cultured organisms are allmost 

everywhere and dominant (Rappe & Giovannoni, 

2003). Similarly, archaea were considered to be ex-

tremophiles, adapted to conditions atypical of most 

soils (high temperature, acidity, salt concentration 

and anaerobic), but one group, the crenarchaea in 

general, represent 1-2% of soil prokaryote communi-

ties (Buckley & Smith, 2003) and even colonize plant 

roots (Simon et al., 2005).

It is now possible to isolate a single bacterial or 

archaeal cell to amplify and sequence its DNA, and to 

reconstruct its genome without cultivation. This ap-

proach enables investigation of metabolic potential of 

uncultivated organisms.

Diversity is critical to the maintenance of soil 

health and productivity, driving many functions that 

determine productivity. The prokaryotes carry out all 

the metabolic processes that occur in eukaryotes, but 

they also generate energy in several other unique 

ways (Table 2). 

Proteobacteria is a major phylum of gram-nega-

tive bacteria, i.e. their cell walls do not stain when 

treated with the Gram-solution; they include a wide 

variety of animal pathogens. Others are symbionts of 

plants, while others are free-living.

The Firmicutes are bacteria, most of which have 

gram-positive cell wall structure. A few, however, have 

a porous pseudo-outer membrane that causes them 

to stain gram-negative. Scientists once classifi ed the 

Firmicutes to include all gram-positive bacteria, but 

have recently defi ned them to be of a core group 

of related forms called the low-Guanien+Cytidine 

(building blocks of DNA) group, in contrast to the Ac-

tinobacteria. They have round cells, called cocci (sin-

gular coccus), or rod-like forms (bacillus). Many Fir-

micutes produce endospores, which are resistant to 

desiccation and can survive extreme conditions. They 

are found in various environments, and the group 

Table 2 . Unique forms of prokaryote energy production and related metabolism.

Metabolic system Basis of metabolism

Anaerobic respiration Respiration that use alternatives to oxygen as electron 
acceptors, such as sulphate and nitrate

Prokaryotic fermentation Produce pyrovate from glucose whereas eukaryotic yeast 
produce ethanol

Lithotrophy Use inorganic sources of energy, such as iron, sulfur or 
ammonium

Photoheterotrophy Photosynthesis where organic compounds are used as 
carbon sources

Anoxygenic photosynthesis Photosynthesis without the production of oxygen

Archaean methanogenesis and light driven formation of 
ATP (Note: ATP is the universal energy “currency” for all 
life).

Unique archaean metabolism, using H
2
 as an energy 

source in methane production and conversion of light into 
chemical energy

Alternative autotrophic CO
2
 fi xation Fixation of carbon dioxide through a different metabolic 

pathway than plants or algae

includes some notable pathogens. Those in one fam-

ily, the heliobacteria, produce energy through anoxy-

genic photosynthesis.

Actinobacteria is Gram-positive bacteria. They 

are of great economic importance to humans be-

cause agriculture and forests depend on their con-

tributions to soil systems. In soil, they behave much 

like fungi, helping to decompose the organic matter 

of dead organisms so the molecules can be taken 

up anew by plants. In this role the colonies often 

grow extensive mycelia, like a fungus would, and 

the name of an important order of the phylum, Acti-

nomycetales. Some soil Actinobacteria lives symbi-

otically with the plants whose roots pervade the soil, 

fi xing nitrogen for the plants in exchange for access 

to some of the plant’s sugars. Other species, such 

as many members of Mycobacterium (cause tuber-

culosis) are important pathogens. Actinobacteria is 

one of the dominant bacterial phyla and contains 

one of the largest of bacterial genera, Streptomy-

ces. Streptomyces and other Actinobacteria are ma-

jor contributors to biological buffering of soils. They 

are also the source of many antibiotics. Some of the 

largest and most complex bacterial cells belong to 

the Actinobacteria.

Soil prokaryotes are extremely versatile in the 

utilization of a variety of substrates. A few selected 

examples of unusual substrates are: cellulose, lignin, 

chitin (exoscelet of insects), xylan (organic solvent 

similar to benzine), petroleum oil and kerosene. 

These substrates, and the more easily metabo-

lized nutrients, can be sequestered at extremely low 

concentrations due to the small size of prokaryotes. 

The smaller the size, the higher is the surface area 

to volume ratio (A/V). Most prokaryotes are smaller 

than eukaryotes, ranging from one to ten microns. 

Although the internal solute concentrations and pH of 

prokaryotes are governed by homeostatic principles, 

prokaryotes respond rapidly and are infl uenced more 

by external fl uctuations than eukaryotes due their 

high A/V. Therefore studies must take into account 

the micro-environment on the micron scale under 

which prokaryotes operate.
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The small size of prokaryotes bring along its tech-

nical and conceptual challenges. Individual prokary-

otes are diffi cult to study, thus populations are used. 

On the other hand, the spatial heterogenity of soil 

with the limited transport of nutrients and prokary-

otes through soil, require investigation of biotic-abi-

otic interactions on individual basis.

Fungi

A thousand million years ago fungi were instrumental 

in the colonization of land by the ancestors of terres-

trial plants and the termination of organic carbon into 

geological reserves, i.e, fossil fuels. These illustrate 

why fungi play such important roles in soils. Most 

fungi actively interact with living and dead organ-

isms, especially plants. The mycorrhizal symbiosis 

with plant roots has permitted aquatic plants to tran-

sition into the terrestrial habitat. Fungal interaction 

with living plants may be highly specifi c or of more 

general nature.

The growth habitat, external food digestion and 

the wide range secondary metabolites of fungi have 

profound infl uences on biogeochemical cycles. The 

evolution of the white-rot fungi with their polypheno-

lic-degrading enzymes has halted the accumulation 

of undecayed plant materials during the carbonifer-

ous period. The fi lamentous growth of soil-dwelling 

fungi permits them to bridge gaps between pockets 

of soil water and nutrients; force their way into sub-

strates such as decaying wood; and distribute car-

bon, minerals and water through the soil. The fi la-

mentous growth nature may underlie the abilities of 

some fungi to withstand soil water defi cits and cold 

temperature beyond the tolerance of prokaryotes. 

Fungi constitute large fractions of living and dead soil 

biomass. The growth and production of cell wall lead 

to the creation and stabilization of soil aggregates, 

which are key elements of soil structure. Rates of 

turnover of fungal biomass have important conse-

quences for carbon cycling and long-term sequestra-

tion in soil.

Fungi are the main agents responsible for respira-

tion in the soil, and competition between them plays 

an important role in the structuring fungal communi-

ties. For example, studies showed the arrival order 

of ectomycorrhizal species can shift dominance in 

colonization of seedling root systems (Kennedy et al., 

2009). In general, synergetic species co-occur more 

often than antagonistic species.

Soil fauna

Animals, heterotrophs in soils, facilitate bacterial and 

fungal activity and diversity, regulate nutrient cycling 

by feeding directly on plant materials and organic 

substrates. The fragmentation materials enhance 

their decomposition (Garcia-Palacios et al., 2013). 

Translocation of nitrogen (N) from the soil to the 

substrate in the form of fecal material and through 

fungal hyphae. Grazing by invertebrates disseminates 

microbes from one organic source to another as 

many microbes adhere to invertebrate exoskeletons 

and cuticles and survive passage through their 

digestive tracts (Coleman et al., 2012). 

Animal members of the soil biota are numerous 

and diverse and include representatives of all terres-

trial phyla. Many groups of species are not described 

taxonomically.

The free-living protozoa (single cell eukaryotes) of 

litter and soils belong to four ecological groups: the 

fl agellates, naked amoebae, testacea (outer casing) 

and ciliates (Lousier & Bamforth, 1990).

Only about 10% of microarthropod species have 

been described (Andre et al., 2002). While about 

2 600 arthropods are known in South Africa, it rep-

resent probably less than 5% of the species in the 

region. 

Among the microarthropods, collembolans are ex-

amples of permanent soil residents. The morphology 

of collembolans reveals their adaptations for life in 

different soil strata. Species that dwell on the soil 

surface or in the litter layer may be large, pigmented, 

and equipped with long antennae and a well devel-

oped jumping apparatus (furcula). Collembolans liv-

ing within mineral soil tend to be smaller.  

More than 6 500 species of Collembola are known 

from throughout the world and these are only a small 

part of the still undescribed species. Collembola have 

well differentiated ecomorphological life-forms and 

feeding guilds which enable the functional role that 

Collembola play in ecosystems to be recognised in 

some degree. Collembola play an important role in 

plant litter decomposition processes and in forming 

soil microstructure. They are hosts of many parasitic 

Protozoa, Nematoda, Trematoda and pathogenic bac-

teria and in turn are attacked by different predators. 

They utilize Protozoa, Nematoda, Rotatoria, Enchy-

traeidae, invertebrate carrion, bacteria, fungi, algae, 

plant litter, live plant tissues as food, and some plant 

pathogens. Soil acidifi cation, nitrogen supply, global 

climate change and intensive farming have greatly 

impacted collembolan diversity.

Plant-soil biota interactions 

Whereas the soil ecosystem includes both the biot-

ic and abiotic components, “soil biota” refers solely 

to biotic part. Soil biota is the complete community 

within a specifi c type of soil which vary from soil to 

soil and with a plant species. The most dominant 

groups, both in numbers, variety and biomass, is 

represented by the microbes, i.e. bacteria, archaea 

and fungi. These groups exploit different nutrient 

strategies and lifestyles such as saprotrophs, patho-

gens or symbionts. The soil surface and litter lay-

er, except microbes, also harbor a multitude fauna 

species, mainly insects, spiders, beetles, millipedes, 

centipedes and snails.

Because soil function depends on the activity of 

soil biota and their diversity, these have often pro-

posed as indicators of soil health.

The rhizosphere

Life is unevenly distributed in soil, many soil microbes 

tend to live in aggregates to form spots of activity. 

One of the most important hot spots of activity and 
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diversity is the rhizosphere (Jones & Hinsinger, 2008).

Although the rhizosphere only extends a few millime-

ters from the root surface, it can contain up to 1011 

microbial cell per gram of roots (compared to 106 in 

soil), with the collective microbial community being 

referred to as the root microbiome.

Some plants allocate 20-50% of photosynthate to 

roots and release other organic compounds. This pro-

vides a valuable nutrient resource for root-associated 

organisms. By using metagenomics techniques in 

the study of the rhizosphere microbiome, more than 

33 000 bacterial and archaeal species were detected, 

with Proteobacteria, Firmicutes and Actinobactera 

(described under the heading, Prokaryotes) consis-

tently associated with disease suppression (Mendes 

et al., 2011). 

Metagenomics is the study of genetic material re-

covered directly from environmental samples where 

modern genomic techniques are used to study mi-

crobial communities under natural conditions.

The root biome composition change signifi cantly 

with infection. Bacterial communities from healthy 

roots were represented by simple DNA banding pro-

fi les, suggestive of colonization by a few predomi-

nant species, and were approximately 80% similar in 

structure. In contrast, roots that were infected with 

Phytophthora, but which did not yet show visible 

symptoms of disease, were colonized by much more 

variable bacterial communities that had signifi cantly 

different community structures from those of healthy 

roots. Root samples from trees receiving repeated 

applications of the disease suppressive bacterium 

Pseudomonas fl uorescens were free of Phytophthora 

infection, and had bacterial community structures 

that were similar to those of nontreated healthy 

roots. Profi les for healthy and infected roots suggest 

that rhizosphere bacterial community structure may 

serve as an integrative indicator of changes in chem-

ical and biological conditions in the plant rhizosphere 

during the infection process (Yang et al., 2001).

Metagenomic approaches on rhizosphere micro-

bial studies have had a major impact on two of the 

main questions in microbial ecology. Which organ-

isms are present and what is their function? On the 

former, relative abundances of previously reported 

rhizosphere bacteria have been reassessed, as well 

as the presence of novel bacterial groups, or previ-

ously reported as rhizosphere inhabitants. Regard-

ing the second, functional and genetic screening of 

metagenomic libraries has led to several reports on 

new active molecules and unreported genes. The use 

of this approach has proven effective for the discov-

ery of novel enzymes with unexpected activities un-

predictable from their amino acid sequences. 

However, there are several gaps to be fi lled. Can 

the presence of a bacterium in an environment be 

linked to specifi c activities? 

The signifi cance of arbuscular mycorrhiza

Arbuscular mycorrhiza (AM) is a classical example of 

a terrestrial plant symbionts with a huge impact on 

most terrestrial ecosystems. It is formed by ∼80% 

of land plants and by obligate symbiotic fungi of the 

phylum Glomeromycota. The glomeromycotan fungi 

usually are called ‘arbuscular mycorrhizal (AM) fun-

gi’, or ‘AMF’, and obviously play an enormous eco-

logical (and economical) role. Most land plants and 

glomeromycotan fungi are ‘joint systems’, forming 

the intimate AM. European Bank of Glomeromycota 

stated: “The study of plants without their mycorrhi-

zas is the study of artefacts; the majority of plants, 

strictly speaking, do not have roots – they have my-

corrhizas”. 

AM fungi supply the vast majority of land plants 

with inorganic nutrients, mainly phosphorous, but 

also nitrogen, trace elements, and water. In return, 

they obtain up to >20% of the photosynthetically 

fi xed CO
2
 as carbohydrates from the plants. It was 

calculated that, each year, 5 milliard tonne of carbon 

are transferred from plants to fungi (and therefore 

partly get deposited in the soil) via the AM symbi-

osis. AM fungi therefore represent a large sink for 

atmospheric CO
2
 on our planet and play a role in C-

deposition in the soil.

Mulch/Litter layer

The interface between above ground habitat and 

the soil, the mulch and litter layer, infl uence abi-

otic parameters (solar irradiation, water infi ltration, 

etc) and the microbial biomass, pathogen and fau-

na community structure. Soil desiccation enhanced 

carbon immobilization into microbial cells especially 

on mulched and cut/harvested sites. While due to 

mulching accumulation of soil, organic matter signifi -

cantly increased. (Růžková, 2008). 

CONCLUDING REMARKS

Classical approaches to biological control of P. cinna-

momi, and thus soil health, did not yet to date meet 

the expectations. However, with phosphite/phospho-

nate application, nursery and horticultural practices, 

the pathogen is contained. Resources should be di-

rected to improve soil health (and yield) and towards 

a better understanding of the soil/rhizosphere/avo-

cado root relation. 

The arbuscular mycorrhiza on avocados presents 

an exciting venue to introduce benefi cial genes, while 

appropriate mulching is at this stage the most prac-

tical means to increase the soil organic matter and 

biological activity and therefore soil health. 
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ABSTRACT

False codling moth (FCM), Thaumatotibia leucotreta (Meyrick) (Lepidoptera: Tortricidae), is an endemic and 

indigenous pest to Africa, generally south of the Sahara, and mostly in tropical and subtropical areas. FCM has 

been found in most sub-Saharan areas of Africa and on adjoining islands in the Atlantic and Indian oceans, 

as well as from Israel. Apart from FCM being an important citrus pest in South Africa, it is fast becoming an 

economically important pest species on subtropical fruit tree crops such as avocado, litchi and macadamia. 

In South Africa, the subtropical fruit crop industries currently employ a combination of cultural, chemical and 

microbial control techniques to suppress insect pests like FCM. However, no control measure that is currently in 

place targets the soilborne stages. Semi-fi eld trials were conducted in avocado, litchi and macadamia orchards, 

using entomopathogenic nematodes (EPNs) viz. Steinernema yirgalemense, Heterorhabditis bacteriophora, 

Heterorhabditis zealandica and Steinernema litchii. The effect on FCM mortality, directly after application 

(2 days), as well as on persistence for 7, 14, 21, 28, 35 and 42 days post application, for all EPN species in 

avocado, litchi and macadamia orchards, were determined. Results from the fi eld trials using an application 

concentration of 30 IJs/cm2 of S. yirgalemense showed the highest control of 86% directly after application, 

followed by H. bacteriophora, H. zealandica and with S. litchii being the least effective of the four EPN species, 

with 63% control. High persistent mortality of >50% was found for all species except for S. litchii after 

21 days, with a steep decline thereafter until day 28. All local South African EPN species, including the imported 

H. bacteriophora, clearly have great potential for the biological control of the soil stages of FCM, with the added 

advantage of persistence. 

Controlling the false codling moth, 
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INTRODUCTION

The false codling moth (FCM), Thaumatotibia leucotreta (Meyrick) (Fig. 1) is a pest on avocado in all major 

avocado producing areas (Van den Berg, 2001). Relative low rates of infestation are typical of general infesta-

tion patterns of these moths on subtropical fruit. However, in a number of cases where conditions are favour-

able, tortricid moths are known to become serious pests (Schoeman & De Beer, 2008). The eggs are oviposited 

singly on the fruit. Larval entrance holes on the fruit can be spotted by the white exudate and granular excreta 

(Du Toit & De Villiers, 1990) (Fig. 2). Resulting lesions reduce the market value of fruit due to culling. 

Figure 1. The false codling moth, 
Thaumatotibia leucotreta (Meyrick). 

Figure 2. Feeding damage of false codling moth larvae on avocado fruit. Note 
the granular excreta protruding from the fruit on the right. 
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Figure 3. Final instar larvae of the 
false codling moth. 

The South African avocado in-

dustry is interested in gaining ac-

cess to new markets. The United 

States Department of Agriculture 

has conducted a pest risk analysis 

and identifi ed, among others, FCM 

as a pest of quarantine importance.

If the export market is expand-

ed to new countries, the South 

African avocado industry needs to 

ensure that their fruit is FCM free, 

as the moth is a quarantine pest 

for many of the new markets. In 

South Africa the avocado industry 

currently employs a combination 

of cultural, chemical and micro-

bial control techniques to supress 

insect pests like FCM. However, 

none of the control measures cur-

rently employed by the industry, 

target the soil-borne stages of 

FCM. As soil is the natural habi-

tat of entomophagous nematodes 

(EPNs), the last instar FCM larvae 

(Fig. 3) which fall onto the soil, 

as well as the pre-pupae, pupae 

and emerging moths, offer a win-

dow of opportunity for the use of 

entomopathogenic nematodes as 

bio-control agents against this 

moth pest. Entomopathogenic 

nematodes (EPNs) of the genera 

Steinernema and Heterorhabditis 

are symbiotically associated with 

bacteria and together they kill 

and utilise their insect host within 

48 hours.  

Since the late 1970s these 

nematodes have gained status 

as one of the best non-chemical 

alternatives for the control of 

insect pests, mainly due to their 

ability to reach insects in cryptic 

habitats, their reproductive ability, 

ease of mass producing them and 

their safety to humans and other 

vertebrates (Gaugler, 2007). The 

infective juvenile is microscopic, 

0.5 mm to 1.5 mm long and has a 

closed mouth and anus and cannot 

feed until it fi nds an insect. It enters into the body of the insect through 

the insect’s natural openings, the mouth, anus or respiratory inlets (Poinar, 

1990). Once in the blood of the insect, the EPN infective juvenile releases a 

highly specialised symbiotic bacterium found only in EPNs. These bacteria 

multiply and rapidly kill the insect. No special methods are required for 

the application of these nematodes, as they can be applied as an aqueous 

suspension, using ordinary agrochemical spray equipment. 

Objective of this study

The main objective of the current study was to evaluate the most virulent 

isolates from the previously done bioassays together with an imported 

EPN product in semi-fi eld trials in an avocado, litchi and macadamia 

orchard at the ARC-TSC in Nelspruit.  

MATERIALS AND METHODS

Source of insects

Last instar false codling moth larvae were used in the semi-fi eld trial and 

were obtained from River BioScience in Addo, South Africa.

Source of nematodes

A formulated product, Nematop 50®, containing infective juveniles (IJ) 

of H. bacteriophora, was obtained from River Bioscience, Eastern Cape 

Province, imported from e-nema, Schwentinental, Germany in 2017 

(permit no: P0076779). Nematodes from the formulated product were 

recycled in vivo in last instar mealworm larvae and were used as such in 

subsequent semi-fi eld trials. Infective juveniles of the nematode isolates 

obtained from the survey study and the Stellenbosch University were 

maintained at the ARC-TSC. IJs were harvested and stored in 150 mℓ fi l-

tered water in horizontally placed, vented 600 mℓ corning fl asks at 14°C, 

and used within two weeks of harvesting. Concentrations of nematodes 

were quantifi ed in the laboratory using procedures described by Glazer 

& Lewis (2000).

Baseline trapping for EPNs and soil analysis

Soil samples were taken from underneath each of the 40 avocado, litchi 

and macadamia data trees used in the fi eld trials at the ARC-TSC, Nel-

spruit. The samples (500 g) were taken using a garden trowel. Each soil 

sample was placed in a 1 ℓ plastic container, 10 mealworms were added, 

the containers closed and left at 25°C. The containers were inspected for 

EPN-infected mealworm 14 days later. 

 

Semi-fi eld trial application, layout and evaluation protocol

Semi-fi eld trials were conducted in avocado, litchi and macadamia orchards 

at the ARC-TSC in the Nelspruit area of Mpumalanga Province, South Africa, 

during 2018. The effi cacy of EPN isolates, WS9 (Steinernema litchii), 

WS23 (Heterorhabditis zealandica) and SY (Steinernema yirgalemense), 

the best performing isolates from the previously done bioassays, as well 

as a commercial product, Nematop50®, obtained from River Bioscience 

which was imported from Germany, was evaluated under fi eld conditions 

to control fi nal-instar FCM larvae according to a trial layout, application 

and evaluation protocol. The nematodes were applied at a concentration of 

30 IJs/cm2 (150 000 IJs/0.5 m2). To apply the nematode concentrations, a 

2 ℓ adjustable pressure hand held sprayer (Garden Master S.A.) was used 

(Fig. 4). The nematodes were applied in 500 mℓ of fi ltered water in an 

area of 0.5 m2 around the base of the data trees (Fig. 4) just before the 

fi rst loaded cages were buried at treated trees. The mulch in the 0.5 m2 

area was removed at the time of spraying and replaced after nematodes 

were applied. Water only, without any nematodes, was applied to the 

control trees. The cages were left in the soil for two days before they 

were retrieved. The cages were then refi lled with soil and 20 FCM larvae 

and were buried at the same data trees 7, 14, 21, 28, 35 and 42 days, 

respectively, after the application of the nematodes.
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Cylindrical wire-mesh (45 mesh/425 μm aperture size) cages, based 

on the design by Duncan et al. (2003), were constructed by rolling 12 X 

9 cm pieces of wire mesh around a glass cylinder. The glass cylinder was 

then removed. A plastic poly top cap on the one end was glued shut with 

a glue gun, while the other end of the cylinder was left unglued, to grant 

access to the cage. Each of the cages measured 11 X 3 cm in diameter. Af-

ter being fi lled with sifted soil from the trial orchard, 20 false codling moth 

last instar larvae were placed in each cage and cages were closed with 

another plastic poly top cap and secured by placing PARAFILM™ around 

the edges. The cages loaded with the soil and FCM larvae were placed in 

plastic containers for 24 h to ensure that the cages were secured in such a 

way as to prevent FCM larvae from escaping. One loaded cage was buried 

horizontally, 15 cm away from the tree stem, just beneath the soil surface. 

Eight cages, each containing 20 last instar FCM larvae (n=160) were used 

per treatment, with a total of 800 larvae being used for the trial period 

(at application of EPNs, 7, 14, 21, 28, 35 and 42 days after application of 

EPN). A different coloured fl ag for each treatment (8 per treatment) was 

planted into the soil at each data tree next to the cage to facilitate easy 

retrieval and burying of the cages during the trial period. 

Figure 5. Mean percentage mortality (95% confi dence level) recorded for last 
instar false codling moth larvae after exposure to Steinernema yirgalemense 
(SY), Heterorhabditis bacteriophora (HB), Heterorhabditis zealandica (WS23), 
Steinernema litchii (WS9) and water as a control treatment for all 3 semi-
fi eld trials combined at ARC-TSC, Mbombela, with concentrations of 30 IJ/cm² 
(repeated measures ANOVA); (F = 107.20; df = 24; P = 0.001). 

The experimental design was a 

complete randomised design and 

consisted of fi ve treatments (four 

EPN isolates and a control) with 

eight trees for each treatment, 

with two buffer trees between 

treated trees and one buffer row 

between treatment rows in the 

trial. Extreme care was taken to 

use separate spades to dig up the 

cages from the different treat-

ments to avoid contamination. 

When the cages were retrieved, 

the soil was removed from each 

cage and washed through a sieve 

to allow the retrieval of FCM co-

coons and larvae. Cocoons were 

opened carefully with the aid of 

a stereomicroscope to ensure 

that the pupae and larvae inside 

remain intact. Larvae and pupae 

retrieved were placed on moist fi l-

ter paper in a petri dish (90 mm 

dia meter). The petri dishes con-

taining the insects of each treat-

ment were enclosed in a plastic 

container, lined at the bottom with 

moist paper towels. They were 

then returned to a growth cham-

ber for 4 days at 25°C. There after 

each insect was evaluated for 

mortality, and infection with EPN 

was confi rmed by dissection under 

a stereomicroscope. 

Analysis of data

Statistical analysis of data was 

done using GenStat® (PC/Windows 

8). Data from each of the three 

semi-fi eld trials were analysed by 

means of repeated measures of 

ANOVA with the days after appli-

cation as subplot factor. The data 

from the three separate trials were 

also pooled, irrespective of the crop 

type and date of each trial and was 

analysed by means of a repeated 

measures of ANOVA with the days 

after application as subplot factor. 

Treatment means were separated, 

using Fisher’s protected t-test least 

signifi cant difference at the 5% 

level of signifi cance (Snedecor & 

Cochran, 1991).  

RESULTS 

Baseline trapping for EPNs 

and soil analysis 

No natural occurring EPNs were 

found in the soil samples taken 

from each of the 40 data trees in 

each of the three trial orchards. 

Figure 4. (A) Nematodes were applied with 2 ℓ adjustable hand held sprayers 
(B) In a 0.5 m2 area beneath each data tree. 

BA
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Three semi-fi eld trials combined 

Steinernema yirgalemense (SY) provided the high-

est mortality compared to the other isolates tested 

(Fig. 5). Not only did it outperformed the other iso-

lates at every evaluation date, it was also able to 

control FCM larvae with more than 50% until 28 days 

after application, in contrast to the other isolates. 

Heterorhabditis bacteriophora (HB) were only able 

to ensure 50% mortality of FCM larvae until day 21 

after application, whereas S. litchii (WS9) was only 

able to provide 50% mortality at day 2 after applica-

tion. All nematode isolates differed signifi cantly from 

the control treatment for each trial at each time in-

terval up to day 28 after application of the nema-

todes, after which no control was observed anymore. 

S. yirgalemense (SY) was the best performing isolate 

in the three fi eld trials, with an average percentage 

mortality of 50.18% for the avocado trial, 59.82% 

for the litchi trial and 53.75% for the macadamia tri-

al. H. bacteriophora (HB) and H. zealandica (WS23) 

provided similar results for the litchi and macadamia 

trial, but showed a signifi cant difference in the avo-

cado trial with H. bacteriophora (HB) giving a better 

result than H. zealandica (WS23). Steinernema litchii 

(WS9) did not perform well during the fi eld trials and 

differed signifi cantly from the other isolates in per-

centage control of FCM larvae during each trial, with 

on average a percentage control of only 27%.

DISCUSSION

Results from the three semi-fi eld trials using 30 IJ/cm2

as soil application showed that all nematode species 

evaluated showed some degree of biological control 

potential against last instar FCM larvae under fi eld 

conditions. Steinernema yirgalemense provided the 

highest mortality compared to the other isolates test-

ed. Not only did it outperformed the other isolates at 

every evaluation date, it was also able to cause mor-

tality of FCM larvae of more than 50% up till 28 days 

after application, in contrast with the other species. 

Heterorhabditis zealandica and H. bacteriophora were 

only able to ensure 50% mortality of FCM larvae up 

till day 21. Steinernema litchii was only able to pro-

vide more than 50% mortality at day 2. This species 

did not perform well in these fi eld trials. Except for 

S. litchii, which has never been tested in a fi eld ex-

periment before, the other isolates proved in previous 

studies to have various degrees of virulence against 

insect pests, which confi rm to the current results. 

Steinernema yirgalemense was the best performing 

isolate in each semi-fi eld trial during the current study. 

Since false codling moth is a key pest of citrus 

in South Africa and it is fast becoming an economi-

cally important pest on avocados, EPNs should be 

tested for their fi eld effi cacy in an IPM system. False 

codling moth is a multivoltine species, offering year 

round availability as a host for EPN, thus increasing 

the possibility of persistence in avocado orchards. As 

currently, no soil treatment for false codling moth is 

employed, thus making the use of EPNs a potential 

additional tool for the reduction in false codling moth 

populations in avocado orchards. 

Research into the biological control of insects has 

shown that no single biocontrol method, including 

the use of EPNs, can, by itself, effectively replace 

pesticide usage. To integrate nematodes into an in-

tegrated pest management system, it is important to 

conduct research under local climatic conditions for a 

specifi c crop. Especially for commercial application, 

the unique environmental conditions in the various 

production areas need to be assessed to allow for the 

effective use of various nematode species.

FURTURE RESEARCH

Given the performance of S. yirgalemense during 

the current study and its persistence in the fi eld, 

future research should be aimed at large scale fi eld 

trials with this nematode species with different ap-

plication techniques and in the different production 

areas of avocado, litchi and macadamia to confi rm 

its effi cacy. 
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ABSTRACT

Surveys were conducted in the Hazyview and Nelspruit regions to quantify scale infections. Scales were pre-

dominantly found in overgrown orchards as well as in orchards bordering dirt roads. Various scale management 

practices such as ant and dust control linked with IPM friendly agrochemicals are briefl y discussed. Thrips were 

surveyed on a commercial orchard in Nelspruit as well as in a mixed cultivar orchard at the Agricultural Research 

Council (ARC). To quantify thrip damage, macadamia fl ower racemes containing mostly citrus thrips were placed 

in organza bags which were subsequently tied around young avocado fruit. Thrip damage was also simulated by 

scarifying young fruit with a scalpel blade. Photographs of this damage were taken and were compared to dam-

age in the orchard. In order to quantify the economic impact of thrips and other insects, fruit from commercial 

‘Edranol’, ‘Pinkerton’ and ‘Hass’ orchards were surveyed for damage symptoms. Although general damage symp-

toms varied to some extend between the orchards, thrip damage was nearly constant at approximately 11.5% 

which makes this a pest of considerable economic consequence. Results of a spray trial are presented as well as 

methods for improving control without forfeiting environmental sustainability. Current trends regarding pesticide 

usage on products imported into the EU are briefl y discussed as well as new agrochemicals that should be con-

sidered mainly for the sucking bug and thrip pest complexes. When all the above is considered, it is important to 

realise that although the avocado industry in South Africa faces some challenges regarding pesticide usage, there 

are already a considerable amount of appropriate green technologies available. 

Quantifying and controlling thrips 
and scales in avocado
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INTRODUCTION

Milne (1973) listed four pests on avocado in South Africa 

but mention that more than 300 pests are known to 

occur on this crop outside South Africa. Approximately 

76 of these pests were known to occur in South Africa, 

indicating that a considerable number of potential 

pests may attack this crop in future. Fortunately this 

did not really happen as approximately 10 years later, 

Annecke & Moran (1982) only increased the tally with 

one new pest. Interestingly, the majority of attention 

in this publication was devoted to thrips, which are 

only recently being recognised as important economic 

pests.

This trend of an increasing number of pests over 

time continued and Van den Berg et al. (2001) com-

piled a very comprehensive list of approximately 73 

pests. Fortunately not all of these are serious eco-

nomic pests. Prinsloo and Uys (2015) listed 17 com-

mon species that can roughly be divided into the fol-

lowing categories: Hemipterans (avocado bug, stink 

bugs, mealy bugs & scales), thrips (Order: Thysanop-

tera), beetles (Order: Coleoptera), fruit fl ies (Order: 

Diptera) and moths (Order: Lepidoptera). 

Since 2015, the citrus thrip as well as a complex 

of bark beetles have been added to the growing list 

of avocado pests. It is, however, very important to be 

aware of the economic signifi cance of each pest or pest 

complex. Thrips, fruit fl ies and the avocado bug can 

be regarded as ubiquitous and some form of control is 

probably necessary in most commercial orchards. 

Earliest records of the false codling moth on avoca-

do date back to Milne (1973) and despite the ability of 

this pest to adapt to new food sources, it is generally 

not regarded as a main avocado pest in most produc-

tion regions. In certain localised areas, damage rang-

ing up to 10% has been reported but this is very rare.  

The coconut bug can cause signifi cant crop 

reductions in certain localised areas and damage 

percentages of as high as 60% has been observed. 

Avocados grown near lowland riverine bush appears 

to be specifi cally at risk and the cultivars Pinkerton 

and Hass appear to be favoured. 

Bark borers have a specifi c fondness for trees sub-

jected to some kind of stress factor. Drones equipped 

with infrared cameras can therefore be a very handy 

tool to pro-actively identify individual trees or areas 

on a farm that are at risk. The bark borer guild is gen-

erally poorly studied in South Africa, but it consists of 

a large group of indigenous species. Apart from the 

polyphagous shot hole borer two other cosmopolitical 

beetle pests have also been recorded in South Africa, 

namely Xyleborus crassiusculus and Xyleborus affi nis.

It is not clear when these insects were introduced to 

South Africa for the fi rst time, but fi rst records at the 

ARC-TSC of Xyleborus affi nis on citrus date back to 

March 1980. 
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All the facts supplied above may 

sound bewildering to the novice 

grower, but all these pests hard-

ly ever occur simultaneous. The 

fi rst question often asked is what 

product can be sprayed against a 

particular pest. This is usually the 

wrong question, as most avocado 

orchards in South Africa are under 

relative good biological control. 

In order to maintain the balance 

in the orchards, it is important 

to quantify the economic signifi -

cance of each individual pest and 

to manage them in a holistic way. 

This report should therefore be 

regarded as an attempt to quan-

tify thrip damage as well as defi ne 

the economic impact of this poorly 

studied pests in avocados.    

MATERIALS AND METHODS

Quantifying thrip damage 

symptoms 

A measure of uncertainty and con-

troversy currently exist regarding 

typical thrip symptoms. Accurate 

symptom description is regarded as 

an important fi rst part of the study, 

as it will determine economic dam-

age and consequently the amount 

of effort needed to manage the 

pest. Two methods were used to 

quantify thrip damage, namely:

 Simulating damage to the epi-

dermis of the fruit.

 This was done by lightly scrap-

ing the skin of a number of 

‘Pinkerton’ fruit during Novem-

ber with a scalpel blade. Three 

treatments of increased sever-

ity were applied.  

 Inducing thrips to feed on the 

fruit and monitoring the result-

ing symptoms.

Racemes containing open fl ow-

ers from a nearby macadamia 

orchard (cv. Nelmak 2) were 

picked and placed into organza 

bags. The organza bags were 

then tied around young avoca-

do fruit (cv. Pinkerton) and left 

in situ for ± a month. Fruit were 

randomly selected and approxi-

mately 40 fruit were therefore 

exposed to citrus thrips (Scirto-

thrips aurantii) which occurred 

on the macadamia fl owers. 

Quantifying thrip damage in a 

commercial avocado orchard 

Twenty randomly selected fruit 

from 25 randomly selected loca-

tions were evaluated in commercial ‘Pinkerton’, ‘Hass’ and ‘Edranol’ or-

chards (20 fruit x 25 locations x 3 cultivars = 1 500 fruit). All external 

symptoms on the skin of the fruit were recorded. 

This trial was also expanded in an ‘Edranol’ orchard to determine if 

thrips have an affi nity for fruit occurring in either apical or basal tree 

portions. Damage on fruit in darker inner parts of the trees were also 

monitored and compared to fruit in the more exposed outer areas of the 

trees. In both these trials, 20 randomly selected fruit were selected from 

25 randomly selected locations inside the orchard.  

Chemical management of thrips

To determine the effi cacy of a number of environmentally friendly prod-

ucts, the following trial was conducted at a commercial orchard in the 

Nelspruit region:

Treatments

Pymetrozine WP 500 g/kg (Chess) @ 40 g/100 L

Neem oil (Azadirachtin) @ 300 ml/100 L

Beauveria bassiana @ 45 g/100 L

Untreated control. 

The trial was conducted during 7 September 2019 in a commercial 

‘Edranol’ orchard and all treatments were applied with a commercial air 

blast sprayer calibrated to deliver 1 500 L/ha. Due to the nature of the 

sprayer, large blocks were sprayed and although data was taken at fi ve 

different locations in each block, statistically these should be regarded 

as pseudoreplicates. The trial layout was selected because a pre-count 

of damage during the previous season indicated a relative homogenous 

distribution of thrip damage in the orchard. 

Quantifying scale insect problems

A number of orchards in the Nelspruit/Hazyview area were scrutinized 

for scale insects as well as possible factors involved in outbreak situa-

tions. 

Statistical analysis

Means were compared with an analysis of variance as well as a students 

t test. Data was analysed with the statistical program Genstat 64-bit 

Release 15.1 (PC/Windows 7) Copyright 2012, VSN Int. Ltd. 

RESULTS

Quantifying thrip damage symptoms 

According to Figure 1A even superfi cial scarring relatively late in the 

season led to damage similar to what is generally believed to be thrip 

damage. Deeper damage induced premature abortion and the resultant 

scarring (Fig. 1B) did not resemble thrip damage. 

Figure 1. Mechanical damage induced to immature ‘Pinkerton’ fruit during 
November 2018. A: Light scarifi cation with a scalpel blade; B: Deeper scarifi ca-
tion where parts of the skin were removed.   

A B
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Figure 2. Scarifi cation to ‘Pinkerton’ fruit exposed to 
macadamia fl owers containing citrus thrips. 

Figure 4A & B. Typical alligator skin type of damage on free hanging fruit in an avocado orchard adjoining a severely 
thrip affected macadamia orchard.  

A B

A B

Figure 2 indicates the type of damage possibly in-

fl icted by citrus thrips to developing ‘Pinkerton’ fruit 

while Figure 3A and B indicate the damage to fruit in 

an orchard that was bordered by a severely thrip in-

fested macadamia orchard. Please note the webbing 

on the skins of the fruit as well as the longitudinal 

nature of damage symptoms. 

Typical alligator skin type of damage was observed 

on a number of cases where fruit rubbed against 

Figure 3A & B. Damage symptoms on young developing fruit in an avocado orchard bordered by a severely thrip in-
fested macadamia orchard.  

each other and also against other parts of the tree. 

A number of free hanging fruit with severe alligator 

skin damage was also observed in the avocado or-

chard bordering the macadamia orchard, indicating 

that thrips may be the possible cause (Fig. 4A & B).  

Other factors may also lead to blemishes on the 

skin of the fruit. Figure 5A depicts possible Lepidop-

tera damage while Figure 5B highlights late season 

mechanical damage.

Quantifying thrip damage in commercial 

avocado orchards

According to Figure 6, thrip damage was very con-

stant in the three cultivars that were evaluated and 

at approximately 11.5%, damage was considerably 

higher than 5%, which is normally regarded as low-

est damage threshold required for intervention. In-

terestingly, Figure 6 indicated that ‘Pinkerton’ fruit 

had signifi cantly more coconut bug damage, but this 

was consistent with previous research fi ndings.

According to Table 1, there were no statistically 

signifi cant differences in damage between fruit origi-

nating from the inside of the canopy and fruit that 

occurred on the outside of the canopy. However, 

there were signifi cantly more damage in the apical 

(upper) areas of the canopy when it was compared 

to fruit originating from basal (bottom) tree portions. 



TI
TA

N
IU

M
 R

O
O

M
/A

V
O

C
A

D
O

 Y
E

A
R

B
O

O
K

 1
90

9

Efficient, functional paper packaging

Sappi provides a range of paper for packaging products, all manufactured to world class standards, 
for a variety of agricultural and industrial applications. Paper combinations of UltraFlute®, KraftPride® 
and FusionTopliner® offer strength and high humidity benefits, as well as yield and cost advantages to 
converters. 

This ensures visually appealing, cost-effective end-use products that will retain their required 
performance in the supply chain. Paper is a versatile medium for packaging to protect products 
from farm to market, and is made from renewable resources.

www.sappi.com
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Figure 6. Relative damage caused by a number of biotic and abiotic factors in commercial avocado or-
chards in the Nelspruit region. 

Figure 5. Damage not caused by thrips. A: Possible Lepidoptera damage; B: Late mechanical damage.  

A B

Table 1. The effect of the position of the fruit on the tree in terms of thrip damage. 

Treatment Parameter Average percentage 
undamaged fruit ± SD

P T -value df

1 Inside canopy 89.6a ± 2.61 0.42 0.85 8

Outside canopy 87.2a ± 5.76

2 Apical fruit 93.2a ± 6.1 0.0045 3.9 8

Basal fruit 79.2b ± 5.22

Average percentages with the same letter do not differ statistically signifi cantly at the specifi ed P level. Treatments were calculated separately

df – degrees of freedom

Table 2. The effect of various environmentally friendly products on the incidence of thrips damage and bumps caused 
by Taylorilygus spp.

Treatment Percentage clean fruit ± SD

Thrip damage Avo bug damage

Pymetrozine 84.8a ± 11.682 79.6b ± 4.561

Beauveria bassiana 
(dry formulation)

83.6a ± 4.775 78.0b ± 6.164

Neem oil 84.4a ± 4.561 73.6b ± 8.649

Control 78.8a ± 5.586 74.0b ± 3.162

P value 0.546 0.333

Cv% 8.7 7.9

Average percentages with the same letter do not differ statistically signifi cantly at the specifi ed P level. Columns were calculated separately
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Chemical management of thrips

Although the control treatments for both the thrip 

and Taylorilygus sp. evaluations had consistently the 

lowest percentage clean fruit, damage between the 

treatments were not statistically signifi cant. 

Quantifying scale insect problems

Incidence of scale insects was very low on the farms 

that were visited. Generally scales were found in old-

er overgrown orchards as well as in orchards border-

ing dusty dirt roads. 

CONCLUSIONS

The epidermis of young developing avocado fruit is 

very tender and any damage to recently formed fruit 

will potentially show up as alligator skin type dam-

age. This will make it diffi cult to defi ne typical thrip 

damage, as any early season mechanical damage will 

also closely resemble thrip damage to some degree. 

However, if results from the damage survey are con-

sidered, then clearly most of the alligator skin type 

of damage are caused by thrips. Mechanical damage 

is the only factor that can possibly be mistaken for 

thrips, but the experimental error made in assessing 

thrip damage at the end of the season should be re-

garded as very small when fruit that were injured by 

tractors and spraying machinery are excluded.  

Spraying for thrips during fl owering should be 

done with extreme circumspection and effort should 

be spent to protect pollinators as far as possible. The 

protracted and often successive fl owering should be 

considered when spraying operations are planned. 

Due to the very short life cycles of thrips, subopti-

mal or repetitive insecticidal sprays often quickly give 

rise to the build-up of resistance. Softer chemicals as 

well as the use of biological products are therefore 

strongly encouraged. Registration of the following 

alternative active compounds should be considered: 

Abamectin, Spinetoram, Spirotetramat, Spinosad, 

Sabadilla and Neem oil.

Releases of natural enemies, such as Amblyseius 

swirskii – predatory mite, Orius insidiosus – predator 

(pirate bug) and Neoseiulus cucumeris – predatory 

mite, should also be considered. Thrips feed on the 

foliage, therefore manipulation of tender fl ush during 

fl owering and early fruit development could be con-

sidered. Manipulation of the late summer fl ush could 

be considered to prevent an overwintering population. 

The application of an insecticidal spray during this 

time may be advantageous as it will limit damage to 

the pollinator complex during the subsequent season.

This will obviously depend on pest load and should 

not be applied as a calendar spray. The effects of 

fungal as well as nematode based entomopathogens 

should be considered as a matter of priority. The ef-

fect of copper residue in the soil as well as the biolog-

ical effi cacy of nematodes in the dry leaf litter should 

be considered, as it may impact on the effi cacy of 

these products.

Scales are normally under very good natural 

control. If outbreak situations of scales occur, it is 

therefore important to identify the factor(s) causing 

the imbalance. Spraying insecticides are often not 

necessary if the following measures are diligently 

practiced: 

Ant control – Ants feed on honeydew secreted by 

these sessile insects. In doing so, they also protect 

these insects from natural control. Ant control (stem 

bands) as well as skirting and pruning trees to avoid 

contact with the ground and other trees is therefore 

a very effective departure point for effective scale 

control. If the problem persists, the application of 

a winter oil is then suggested. Overgrown orchards 

should be pruned to improve airfl ow, spray penetra-

tion and increase fl owering. Dust control may also 

affect the effi cacy of parasitoids and roads could be 

sprayed with water if deemed practical. The best 

method to encourage optimal levels of natural con-

trol is to adopt an integrated management plan for 

avocados and to spray only when it is really needed 

and to use the softest product available each time.

REFERENCES

ANNECKE, D.P. & MORAN, V.C. 1982. Insects and Mites 

of Cultivated Plants in South Africa. Butterworth & 

Co., Durban, South Africa. 383 pp. 

GenStat 64-bit Release 15.1 (PC/Windows 7) 19 June 

2014 10:01:33 Copyright 2012, VSN International 

Ltd. Registered to: ARC.  

MILNE, D.L. 1973. Entomology memoir No. 33. 

Insect pests of subtropical fruit crops. Department 

of Agricultural Technical Services. Government 

Printer, 42 pp.

PRINSLOO, G.L. & UYS, V.M. 2015. Insects of Cultivated 

Plants and Natural Pastures in Southern Africa. 

Entomological Society of Southern Africa, Hatfi eld, 

South Africa. 785 pp. ISBN 978-0-620-60841-1. 

VAN DEN BERG, M.A., DE VILLIERS, E.A. & JOUBERT, 

P.H. 2010. Pests and benefi cial arthropods of 

tropical and non-citrus subtropical crops in South 

Africa. ARC-Institute for Tropical and Subtropical 

Crops, Nelspruit, 525 pp.  



SOUTH AFRICAN AVOCADO GROWERS’ ASSOCIATION YEARBOOK 42, 201982

ABSTRACT

 A preliminary study indicated that the total soluble solids (TSS) content of avocado fruit may potentially serve 

as a maturity measurement as well as a ripening prediction tool. During 2018, three longitudinal studies were 

performed. The fi rst two were with, respectively, early season ‘Maluma’ and early season ‘Pinkerton’. The 

results indicated that the TSS content of the fruit decreases linearly to approximately 8°Brix whereafter it 

starts to increase again. The increasing leg then continues linearly to around 10.5°Brix, whereafter it starts to 

fl atten out. Additional observations made with late season ‘Lamb Hass’ also indicated that the increasing leg 

continues to approximately 11°Brix, whereafter it fl attens off and starts to decrease again. From the results 

it would appear that TSS measurements have potential to be used as a maturity parameter and ripening 

prediction tool for avocado fruit. A detailed study is planned for the 2019 season with the ‘Hass’ cultivar. 

Further observations on the 
development of a total soluble 

solids (TSS) based maturity/
ripening-efficacy measurement 

tool for South African avocado fruit

INTRODUCTION

A pilot study conducted during the 2017 season 

(Kruger et al., 2018) indicated that the total soluble 

solids (TSS) content of avocado fruit drifted towards 

7.7°Brix during storage. The means of samples with 

TSS values higher than 7.7°Brix reduced during stor-

age while samples with a lower TSS increased dur-

ing the same period. In general, samples which did 

not contain individual fruit with a TSS content lower 

than 7.7°Brix had a mean TSS content higher than 

8.2°Brix. When correlating the mean TSS values of 

SmartFresh treated samples with observed ripening 

variations, it was noticed that samples with a mean 

TSS higher than 8.2°Brix ripened more evenly (after 

storage at 6°C for 30 days) than those with lower 

readings. Most interestingly, the lowest individual 

TSS readings in samples with mean TSS values high-

er than 8.2°Brix was 7.7°Brix. 

In the current study, we aimed to establish how 

the TSS content of the fruit varied during the month 

prior harvest as well as during the harvest window. 

MATERIALS AND METHODS

Three trials were performed during the 2018 season.

The fi rst study was a longitudinal survey per-

formed during the early season with the ‘Maluma’ 

cultivar. Ten fruit each were sampled from an or-

chard in the Tzaneen area on a regular basis for a 

two-and-a-half-month period from March to May 

2018. The dry matter (DM) and TSS contents of 

each fruit were determined and plotted against 

the sampling date. 

The second study was performed with “pre-

season ripening” and “export holdback” ‘Pinkerton’ 

cartons. Eight fruit from each batch were used to 

determine the DM and TSS contents of the batch. 

As the fruit originated from a range of orchards with 

different maturity rates, the TSS readings could 

not be plotted against the dates and they were 

therefore plotted against the mean DM contents of 

the samples. 

The third study was also a longitudinal survey. 

This time it was performed with late season ‘Lamb 

Hass’. Ten fruit each were sampled from an orchard 

in the Tzaneen area on eight occasions over a 

three-month period from August to October 2018. 

The DM and TSS contents of each fruit were deter-

mined and plotted against the sampling date. 

FJ Kruger, GO Volschenk and L Volschenk

Lowveld Postharvest Services,
PO Box 4001, Mbombela (Nelspruit) 1200, SOUTH AFRICA

E-mail: fjkruger58@gmail.com
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Figure 1. Dry matter content of ‘Maluma’ avocado fruit sampled on a regu-
lar basis over a three-month period from an orchard in the Tzaneen area.  

Figure 2. Total soluble solid contents of ‘Maluma’ avocado fruit sampled on a 
regular basis over a three-month period from an orchard in the Tzaneen area. 

Figure 3. Total soluble solid content versus the dry matter content of “pre-
season ripening” and “export holdback” ‘Pinkerton’ samples.   

RESULTS AND DISCUSSION

The DM and TSS contents of the 

early season ‘Maluma’ fruit that 

were plotted against the sam-

pling date are shown in, respec-

tively, Figure 1 and Figure 2. In 

Figure 3, the early- to mid-sea-

son TSS readings of the ‘Pinker-

ton’ samples are plotted against 

the mean DM readings. The DM 

and TSS readings of the late 

season ‘Lamb Hass’ fruit that 

were plotted against the sam-

pling date are shown in, respec-

tively, Figure 4 and Figure 5.  

Both the longitudinal study 

conducted with early season 

‘Maluma’ (Figure 2) as well as 

the early season survey con-

ducted with ‘Pinkerton’ (Figure 3) 

indicated that the TSS contents 

of the fruit decreases linearly up 

to a certain point, whereafter it 

starts to increase again. In the 

case of ‘Maluma’ (where a single 

orchard was involved and the TSS 

was plotted against the date) the 

turning point was approximately 

7.7°Brix, which corresponds with 

the cut-off level associated with 

smooth ripening by Kruger et al., 

(2018). With the early season 

‘Pinkerton’ (where the holdback 

samples originated from many 

orchards and the TSS was plot-

ted against the DM), the turning 

point was around 8°Brix. 

In both ‘Maluma’ and ‘Pinker-

ton’, the TSS content of the sec-

ond (increasing) leg continued 

linearly to around 10.5°Brix, 

whereafter the line started to 

fl atten out. 

With late season ‘Lamb Hass’ 

(Figure 5), the curve reached a 

turning point at approximately 

11°Brix and then started to de-

crease. 

The results are certainly 

quite interesting and it would 

appear that the TSS of the avo-

cado fruit decreases on the tree 

until a TSS content of around 

8°Brix is reached. It then in-

creases again to about 11°Brix 

after which it declines again.   

The next step is to determine 

the practical value to the 

industry. In both early season 

‘Maluma’ and ‘Pinkerton’, the 

bottom turning point presaged 

the currently accepted DM 
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threshold value for satisfactory 

ripening and taste. Trials 

aimed at using TSS to replace/

supplement early season 

ripening tests are therefore 

indicated.

In so far as the late sea-

son cultivars are concerned, 

the second (high) turning 

point may signal the end of 

the maturation phase and the 

start of on-tree ripening. The 

slowing of the ripening rate 

of ultra-late season cultivars 

may possibly be associated 

with declining sugar levels and 

a concurrent slowdown in the 

metabolism of the fruit. Fur-

ther research on the topic is 

certainly warranted.
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Figure 4. Dry matter content of late season ‘Lamb Hass’ avocado fruit sam-
pled on a regular basis over a three-month period from an orchard in the 
Tzaneen area.  

Figure 5. Total soluble solid content of late season ‘Lamb Hass’ avocado 
fruit sampled on a regular basis over a three-month period from an orchard 
in the Tzaneen area. 
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ABSTRACT

The primary aim of this project is to determine what effect the balanced atmosphere (BA) to regular atmo-

sphere (RA) storage period ratio has on the storage potential and ripening patterns of ‘Hass’ and ‘Maluma’ 

avocado fruit stored under export simulation conditions. The results indicated that the quality of ‘Hass’ was 

excellent during the 2018 season and very few disorders occurred. Certain ripening pattern related results, 

that were linked to the relative lengths of the BA and RA storage periods, were nevertheless observed. In addi-

tion, the ripening patterns of SmartFresh treated fruit were found to be in line with those of the BA treatments 

during the 2018 season. In the case of ‘Maluma’, a defi nite advantage was observed when starting BA within 

4 days after harvest. 

Laboratory investigation into the effect 
that the time period between harvest 

and the application of a balanced 
atmosphere has on the quality and 
ripening patterns of South African 
export avocado fruit (with some 
comparative SmartFresh results)

INTRODUCTION

Presently, most South African avocado consignments 

are only placed under controlled atmosphere (CA) 

in Cape Town harbour. Current regulations stipulate 

that the fruit may be kept under regular atmosphere 

(RA) conditions in cold rooms and refrigerated trucks 

for a maximum of 14 days before having to be con-

tainerised and shipped.

In a minority of instances, “door to door” CA is 

employed. That is, the containers are transported to 

the packing house where they are loaded and the 

atmosphere build-up initiated. The atmosphere then 

establishes itself during the road transport and har-

bour storage phases. This works well, but higher 

costs, smaller consignment sizes and the extra logis-

tical arrangements have caused the procedure to be 

primarily used during the late season only by most 

exporters. 

CA consignments are generally set at a ratio of 6% 

CO
2
; 4% O

2
. Active scrubbing, fi ltering and purging 

are required to maintain this ratio. However, during 

the last number of seasons, the use of a balanced 

atmosphere (BA) system where the O
2
 + CO

2
 rates 

add up to 21% has been tested with success. The 

reduced complexity of managing BA made it much 

easier to conduct experiments, both in the laboratory 

and under commercial conditions. 

The present project represents the laboratory 

phase of a study aiming to establish whether it will 

be possible to create intermittent atmospheres in 

tents and trucks without having to transport CA 

containers from the harbour to the packhouse. It 

aims to quantify the maximum period ‘Hass’ and 

‘Maluma’ fruit of increasing maturity may be held 

at regular atmosphere before having to be placed 

under CA/BA. 

FJ Kruger, GO Volschenk and L Volschenk

Lowveld Postharvest Services,
PO Box 4001, Mbombela (Nelspruit) 1200, SOUTH AFRICA

E-mail: fjkruger58@gmail.com
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Since the project offered an opportunity to make 

comparisons between the ripening inhibition effects 

of BA and SmartFresh, this treatment was also in-

cluded in the study. 

MATERIALS AND METHODS

A series of trials was performed during the 2018 sea-

son. Two cultivars (‘Hass’ and ‘Maluma’) and two fruit 

sizes (count 18 and jumble-packed fruit) were used.  

The balanced atmosphere currently used by certain 

service providers (8% CO
2
; 13% O

2
) was employed 

for the BA treatments. 

The fruit were stored under RA conditions for ei-

ther 1, 4, 8, 12 or 16 days before being placed into 

BA for the balance of the 30-day storage period. Dur-

ing certain experiments, the above 3-4 day intervals 

were shortened to 1-2 days so as to generate more 

refi ned data for, especially, the ‘Maluma’ cultivar.

Referential SmartFresh applications were further 

included in certain of the trials. These included differ-

ent application rates and periods that are specifi ed in 

the results and discussion section.  

Upon removal from storage, the fi rmness of ten 

fruit from each treatment was determined with a 

penetrometer. A carton of each count was then rip-

ened and the number of days required to ripen each 

fruit recorded. The fruit were thereafter dissected 

and the internal quality scored.

RESULTS AND DISCUSSION

‘Hass’

None of the ‘Hass’ fruit had a fi rmness lower than 

15 kg upon removal from cool storage after 30 days 

at 5.5°C. No instances of “soft arrivals” therefore 

occurred. The incidences of physiological and 

pathological disorders were further negligible in this 

cultivar.

The results from two trials are shown in Tables 

1-4. It is important to take note of the higher de-

gree of ripening related variation that was recorded 

in the jumble fruit (Tables 2 and 4) compared to the 

Count 18 fruit (Tables 1 and 3). This is probably due 

to higher incidences of dead seeds in the jumble fruit 

that pre-disposed them to faster ripening.   

In the case of Count 18 fruit (Tables 1 and 3), the 

RA treatments’ ripening was more synchronised (3 

day span) than that of the BA treatments’ (4-7 day 

span). This was also evident in the jumble fruit in 

the fi rst trial (Table 2). However, the opposite was 

true for the second trial performed with jumble fruit 

(Table 4) where the BA fruit ripening was more syn-

chronised than the RA fruit. 

In the fi rst trial (Tables 1 and 2), the BA applica-

tion period reached its optimal effectiveness when 

applied for 22 days or longer, while in the second 

(Tables 3 and 4) there was a dose response up to the 

30-day mark. 

In the second ‘Hass’ trial (Tables 3 and 4), the 

commercially used SmartFresh application rate/peri-

od combination (300 ppb) gave very similar ripening 

rate results to the longer BA storage periods while 

the lower rates (100 and 200 ppb) were equitable 

to the shorter BA periods. This supports our current 

application rate/period recommendation (300 ppb for 

16 hours) for mid-season fruit destined for ripening 

programmes.  

Treatment Ready to eat fruit per day (%)

Day
2

Day
3

Day
4

Day
5

Day
6

Day
7

Day
8

Day
9

Day
10

Day
11

Day
12

RA 30 days 71 14 14

RA 16 days BA 14 days 14 29 14 14 21 7

RA 12 days BA 18 days 7 21 21 21 14 14

RA 8 days BA 22 days 21 29 36 14

RA 4 days BA 26 days 36 36 29

BA 30 days 14 29 21 14 21

Treatment Ready to eat fruit per day (%)

Day
3

Day
4

Day
5

Day
6

Day
7

Day
8

Day
9

Day
10

Day
11

Day
12

Day
13

Day
14

Day
15

RA 30 days 29 21 6 17 21 4 2

RA 16 days BA 14 days 15 4 25 33 23

RA 12 days BA 18 days 8 10 6 35 25 13 2

RA 8 days BA 22 days 13 23 19 15 23 4 4

RA 4 days BA 26 days 8 10 27 25 2 10 2 6 4 2 2

BA 30 days 13 31 8 8 6 6 2 10 8 6

Table 1. Ripening rate of Count 18 ‘Hass’ avocado fruit (dry matter 27.2%) stored for 30 days at 5.5°C under regular 
atmosphere (RA) and balanced atmosphere (BA) conditions for a total of 30 days

Table 2. Ripening rate of Count Jumble ‘Hass’ avocado fruit (dry matter 27.2%) kept for six different time periods under, 
respectively, RA and BA conditions for a total of 30 days. 
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Table 3. Ripening rate of Count 18 ‘Hass’ avocado fruit (dry matter 28.2%) stored for 30 days at 5.5°C under regular 
atmosphere (RA) and balanced atmosphere (BA) conditions for different time periods or treated with three SmartFresh 

application rates. 

Treatment Ready to eat fruit per day (%)

Day
3

Day
4

Day
5

Day
6

Day
7

Day
8

Day
9

Day
10

Day
11

Day
12

Day
13

RA 30 days 11 67 22

RA 16 days BA 14 days 22 28 50

RA 12 days BA 18 days 22 56 22

RA 8 days BA 22 days 61 17 6 17

RA 4 days BA 26 days 11 22 28 17 11 6 6

BA 30 days 33 11 28 22 6

SmartFresh 100 ppb 39 22 6 6 27

SmartFresh 200 ppb 17 27 6 22 11 17

SmartFresh 300 ppb 17 28 28 28

Table 4. Ripening rate of Count Jumble ‘Hass’ avocado fruit (dry matter 32.5%) treated with three SmartFresh applica-
tion rates or kept for four different lengths of time under BA. The fruit were stored for 30 days at 5.5°C.  

Treatment Ready to eat fruit per day (%)

Day
3

Day
4

Day
5

Day
6

Day
7

Day
8

Day
9

Day
10

Day
11

Day
12

Day
13

RA 30 days 25 20 15 10 10 5 5 5 5

RA 16 days BA 14 days 20 30 5 10 35

RA 12 days BA 18 days 35 15 30 20

RA 8 days BA 22 days 10 5 15 30 20 10 10

RA 4 days BA 26 days 15 30 30 15 10

BA 30 days 25 15 20 30 10

SmartFresh 100 ppb 15 30 5 15 15 20

SmartFresh 200 ppb 15 15 30 10 15 15

SmartFresh 300 ppb 25 20 15 40

The fi rst of the above trials were performed with 

mid-season fruit (mid-June), while the second was 

performed with mid-late season fruit (mid-August) 

from a higher altitude orchard. The results from a 

third, SmartFresh rate/period, trial conducted with 

very-late season fruit from a high-altitude orchard 

(DM 30%) rendered quite interesting results (Table 5). 

The above trial consisted of 21 treatments. In ad-

dition to a RA control, there were 5 SmartFresh rates 

(100, 200, 300, 400 & 500 ppb) and 4 application 

periods (12, 24, 36 & 48 hours). The fi rst observation 

to be made is that the RA control represented a soft 

landing in that a proportion of the fruit were already 

ripe on day 1. The second is that the control fruit rip-

ened over an extended period of 8 days. This prema-

ture and diffuse ripening pattern was corroborated 

by a similar pattern in the two shortest period/lowest 

rate (100 ppb for 12 and 24 hours) SmartFresh ap-

plications which also ripened from day 1 to day 8. 

The third observation is that both the application rate 

and the application period showed clear dose effects 

in so far as the start of ripening is concerned. What 

is, however, important is that, although the higher 

rate/longer period applications took longer to start 

ripening, they ripened over a shorter period. The 

500 ppb rate recommended for this time of the year 

did especially well.  

‘Maluma’

In contrast with ‘Hass’, only fruit put under BA within 

4 days after harvest had consistent fi rmness read-

ings higher than 15 kg upon removal from cool stor-

age. This was true for both Count 18 fruit (Table 6) as 

well as for jumble packs (Table 7). This was refl ected 

in the physiological disorder profi le of Count 18 fruit, 

but not jumble packs where fruit with dead stones 

were only free of grey pulp when stored for the whole 

30-day storage period under BA conditions (Fig. 1). 
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Table 5. Ripening rate of late season (October 2018) ‘Hass’ avocado fruit after storage for 21 days at 4°C followed by 
ripening at 20°C. Except for the odd bruise, there were no physiological or pathological disorders. 

Percentage of ripe fruit per day no

Day no 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Treatment

Control 5 45 25 15 5 5

100 ppb 12 hrs 35 30 5 5 10 10 5

100 ppb 24 hrs 10 10 20 30 20 5 5

100 ppb 36 hrs 15 45 15 15 10

100 ppb 48 hrs 20 15 10 35 10 10

200 ppb 12 hrs 30 30 15 15 10

200 ppb 24 hrs 15 5 5 5 15 25 10 20

200 ppb 36 hrs 20 20 5 5 5 15 10 10 5 5

200 ppb 48 hrs 10 15 15 5 25 20 5 5

300 ppb 12 hrs 10 20 15 15 25 15

300 ppb 24 hrs 10 10 10 20 15 15 10 10

300 ppb 36 hrs 25 5 30 10 10 20

300 ppb 48 hrs 10 30 15 20 25

400 ppb 12 hrs 10 20 30 30 5 5

400 ppb 24 hrs 15 25 10 20 10 10 10

400 ppb 36 hrs 5 15 20 30 15 5 10

400 ppb 48 hrs 20 30 25 15 10

500 ppb 12 hrs 25 15 10 30 20

500 ppb 24 hrs 25 25 35 5 5 5

500 ppb 36 hrs 30 20 25 10 5 10

500 ppb 48 hrs 25 40 20 10 5

Table 6. Firmness of Count 18 ‘Maluma’ fruit (dry matter 29%) directly after storage for 30 days at 5.5°C under regular 
atmosphere (RA) and balanced atmosphere (BA) conditions for different time periods.  

Storage
period

Firmness per fruit (kg)

RA BA 1 2 3 4 5 6 7 8 9 10

1 29 15+ 15+ 15+ 15+ 15+ 15+ 15+ 15+ 15+ 15+

4 26 15+ 15+ 15+ 15+ 15+ 15+ 15+ 15+ 15+ 15+

8 22 15+ 14 13,7 12,1 12 11,9 11,6 10,2 9,6 9,1

12 18 15+ 15+ 15+ 15+ 14 13,3 11,6 11,5 6,6 6

16 14 15+ 15+ 15+ 13,5 6,9 6,5 6,4 5,9 5,7 3,9

30 0 11 8,1 7,7 5,1 4,4 3,5 2,1 2 1,6 1,5

Table 7. Firmness of jumble packed ‘Maluma’ fruit (dry matter 28.5%) directly after storage for 30 days at 5.5°C under 
regular atmosphere (RA) and balanced atmosphere (BA) conditions for different time periods.

Storage
period

Firmness per fruit (kg)

RA BA 1 2 3 4 5 6 7 8 9 10

1 29 15+ 15+ 15+ 15+ 15+ 15+ 15+ 15+ 15+ 15+

4 26 15+ 15+ 15+ 15+ 15+ 15+ 15+ 15+ 15+ 15+

8 22 15+ 15+ 15+ 15+ 14,2 11,2 10,2 9,7 9,6 7,3

12 18 15+ 15+ 15+ 15+ 15+ 15+ 11,7 10,5 6,1 5,1

16 14 9,2 8,9 8,2 7,8 5,4 4,7 4,4 2,4 2,4 2,3

30 0 13,5 5,6 3,9 2,8 2,6 2,6 2,5 2,3 2,2 1,9
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Storage periods
(days)

Appearance 

RA BA
Count:

18
Count:
Jumble

1 29

4 26

8 22

Storage period
(days)

Appearance after 30 days at 6°C and 
2.5 days at 20°C

RA BA

1 29

2 28

4 26

5 25

Figure 1. Internal quality of jumble packed ‘Maluma’ fruit after storage for 
30 days at 5.5°C under regular atmosphere (RA) and balanced atmosphere 
(BA) conditions for different time periods. 

Figure 2. Internal quality of Count 18 and jumble packed ‘Maluma’ fruit 
after storage for 30 days at 5.5°C under regular atmosphere (RA) and bal-
anced atmosphere (BA) conditions for different time periods.  

In certain trials, both Count 18 and 

jumble fruit were only free of vas-

cular stains when placed under BA 

within four days after harvest (Fig. 

2). Due to the specialised approach 

required to explain the aetiology of 

the ‘Maluma’ disorders, a separate 

report has been compiled for the 

purpose (Kruger et al., 2019a).  

RECOMMENDATIONS

The present results indicate that 

‘Maluma’ must preferably be placed 

into BA storage within 4 days of 

picking.

Due to orchard and climate in-

duced variations, it is important to 

perform more trials with the ‘Hass’ 

cultivar over a number of seasons 

before a defi nitive recommendation 

is made regarding the maximum 

period from harvest to BA applica-

tion. It would, nevertheless, seem 

justifi ed to continue with our sister 

project aimed at developing alter-

native strategies to lengthen the 

BA period making use of trucks and 

tents in place of door to door con-

tainers (Kruger et al., 2019b). 

The results again showed that, 

during certain seasons, SmartFresh 

ripens as well, if not better than fruit 

stored under BA. The decision was 

therefore taken to institute a ripen-

ing prediction service so as to es-

tablish in advance whether a specifi c 

season will pose ripening related 

problems or not.
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ABSTRACT

 This project aims to establish whether a practical intermittent balanced atmosphere procedure, using collaps-

ible tents and air tight trucks in place of door to door containers, can be developed. From the results it would 

appear that it will be possible to create a balanced atmosphere en-route in trucks. It would further seem pos-

sible to create a balanced atmosphere in tents pitched in the packhouse cold store, the harbour’s holding store 

and the overseas receiver’s cold store. A CO
2
 controller designed for the project worked well but needs to be 

smaller with longer lasting batteries.

Development of intermittent 
balanced atmosphere conditions 
for South African export avocados 
using currently available logistics

INTRODUCTION

The fi rst export of South African avocado fruit under 

controlled atmosphere (CA) took place during 1995. 

The technology was gradually phased in and is now 

universally adopted. Generally, an atmosphere of 

6% CO
2
 and 4% O

2
 is used. However, during recent 

years, certain service providers have started using 

a balanced atmosphere (BA) where the CO
2
 is al-

lowed to passively build up to 8%. This level is then 

maintained for the duration of the containerised por-

tion of the export journey (the O
2
 is not regulated 

and is approximately 13% when the CO
2
 level is set 

at 8%). Information generated during industry tri-

als and laboratory experiments (Kruger et al., 2019) 

has shown that the above BA combination delivers 

similar results to CA. This prompted us to attempt to 

establish whether BA can be used in other links of the 

chain such as the packing house, refrigerated trucks, 

the harbour transit cool store and the cool store of 

the importer. 

The present report deals with trials performed in 

refrigerated trucks, as well as in packing house cool 

stores. The aim of the refrigerated truck trials was to 

fi rstly establish how air-tight they are (this is not only 

important in terms of the present study, but also in so 

far as planned SmartFresh applications in the trucks 

are concerned). This will be followed by trials aimed at 

creating balanced atmospheres in the trucks during the 

2019 season. 

In the packing house based leg of the study, the 

aim was to develop and test appropriate technologies 

FJ Kruger, GO Volschenk and L Volschenk

Lowveld Postharvest Services,
PO Box 4001, Mbombela (Nelspruit) 1200, SOUTH AFRICA

E-mail: fjkruger58@gmail.com

that will allow for the creation of balanced atmos-

phere conditions inside collapsible tents placed  with-

in the cool stores of packers, transit facilities, import-

ers and ripeners.  

MATERIALS AND METHODS

Refrigerated truck tests

This part of the study was performed in two phases. 

During the fi rst phase, the CO
2
 build up in one truck 

each from three service providers was recorded after 

loading at three packing houses in Tzaneen until ar-

rival at the storage facilities near Cape Town harbour. 

During the second phase, curtains (Fig. 1) were 

installed in three trucks from the fl eet of the service 

provider found to have the most air tight trucks. The 

above operation was then repeated. 

Cold room tent tests

A transparent plastic tent with an electrical conduit 

pipe frame (Fig. 2) was used for the trials. A CO
2
 

controller with pipes that can be fi tted to the wall of 

the tent was thereafter designed. The tent was fi lled 

with fruit and the CO
2
 allowed to build up in the tent. 

The accuracy and effi ciency of the system was there-

after tested. 

RESULTS AND DISCUSSION

The CO
2
 and O

2
 levels recorded in the trucks are 

shown in Figure 3. The CO
2
 levels in the trucks of 

the fi rst two service providers increased to between 
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Figure 1. Curtain fi tted behind the doors of a refrigerated 
truck from the service provider with the most air-tight trail-
ers. The curtain was fi tted to the inside of the trailer using 
double sided tape. Silicon was inserted in the corners.  

Figure 2. Tent and CO
2
 controller assembly used in the 

packing house-based trials. The tent was designed for 
one pallet and consisted of a plastic sleeve fi tted over 
an electrical conduit pipe frame. The controller-assem-
bly was made up of a CPU unit housed in a plastic con-
tainer. Plastic pipes were used to connect the valves to 
the plastic sheeting and the battery was placed on the 
outside of the tent. 

Figure 3. Oxygen and carbon dioxide levels recorded in 6 refrigerated truck/trailer combinations travelling from Tzaneen 
to Cape Town harbour. Figure 3a-3c consist of readings taken inside the trailers of three service providers (the trailer 
represented by Figure 3c proved to be the most air tight). Figure 3e-3f consist of readings taken inside three trailers 
of the service provider with the most air tight trailers after fi tting a plastic curtain behind the door. The curtain did not 
further improve the air tightness of the trailers. 
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Figure 4. Carbon dioxide levels inside a custom-made single pallet tent fi tted 
with a specially designed CO

2
 controller assembly. The controller managed to 

maintain the CO
2
 levels between 8% and 9% inside the tent.

2.5% and 3% (Figs. 3a & 3b) 

while those of the third increased 

to between 3.5% and 4% during 

the journey to Cape Town har-

bour (Fig. 3c). In the latter case, 

the fi tting of a curtain behind the 

doors did not further increase the 

CO
2
 levels inside the trucks (Figs. 

3d-3f). 

The CO
2
 levels measured in the 

tent during a 4-day period are 

shown in Figure 4. For this spe-

cifi c test, the valves were set to 

open when a CO
2
 reading of 9% 

was reached and to close again 

after the level had dropped to 

8%. As may be deduced from the 

graph, the apparatus and setup 

worked satisfactorily. It is inter-

esting to note that the intervals 

between the closing and opening 

of the valves decreased as the 

fruit’s respiration rate increased 

towards the end of the storage 

period. 

During the present season, the 

primary aim was to develop ap-

propriate technology that will not 

unnecessarily interfere with cur-

rent logistical procedures. During 

the coming season, both the tents 

and trucks will be fi lled with CO
2
 

until a level of 8% is reached after 

which an attempt will be made to 

retain the levels for the duration 

of the respective storage periods.   
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ABSTRACT 

‘Maluma’ is known as a fast ripening cultivar with good post-ripening storage potential. The fruit are of lower 

fi rmness than ‘Hass’ after harvest, probably because of the higher moisture/oil content and lower fi bre content. 

Its respiration rate is further higher than that of ‘Hass’ and it needs to be placed into cool storage as soon as 

possible after harvest. However, the rate at which ‘Maluma’ loses fi rmness during storage is lower than that of 

‘Hass’, especially at lower storage temperature settings. Our extrapolations have shown that the faster com-

mercial ripening rate of ‘Maluma’ is due to its lower fi rmness after harvest, while its good post-ripening storage 

potential is a reaction to the low temperature used for the storage of ripened fruit. It is recommended that 

‘Maluma’ be stored at a lower temperature than ‘Hass’ during export, but it is essential that the temperature 

only be brought down during the second half of the export period. The reason for this is that chilling injury 

(black cold damage) at the beginning of the storage period may cause an increase in the respiration rate, which 

may result in soft landings. 

Managing the ‘Maluma’ avocado’s 
response to storage, ripening and 
post-ripening temperature settings

INTRODUCTION

The ‘Maluma’ avocado cultivar is a ‘Hass’ selec-

tion from the Limpopo province in South Africa. It 

has been exported to Europe for the last decade 

with variable results. Its most favourable attribute, 

speedy ripening, makes it vulnerable to soft land-

ings. The present report aims to characterise the 

storage related respiration and fi rmness characteris-

tics of the cultivar, identify problematic aspects and 

make recommendations based on the experimental 

results generated thus far. 

General respiration and fi rmness trends 

recorded with South African avocados 

When stored at a relatively high temperature (7-8°C) 

under regular atmosphere conditions, the respiration 

rates of most South African export avocado cultivars 

remain constant or slightly decrease during the fi rst 

three weeks of storage (Lemmer et al., 2009; Lem-

mer et al., 2010; Lemmer & Kruger, 2011; Kruger 

& Lemmer, 2012). The respiration rate then rapidly 

increases in a curvilinear fashion (Fig. 1). Over the 

same period, the fi rmness of the fruit decreases at a 

constant, linear rate (Fig. 1). 

Respiration rate and fi rmness of ‘Maluma’ 

during the fi rst two weeks of storage 

Directly after harvest, the respiration rate of ‘Malu-

ma’ is considerably higher than that of ‘Hass’. 

When comparing the results generated by Lemmer et 

al (2009) with those of Kruger & Lemmer (2012), it 

would appear that, when stored at a relatively high 

temperature (7-8°C), it takes nearly two weeks to 

bring ‘Maluma’ to a respiration rate that is compa-

rable to that of ‘Hass’ (Fig. 2). 

In the above trials, the fi rmness of the ‘Hass’ and 

‘Maluma’ fruit were also taken at two-day intervals 

with a Sinclair non-destructive fi rmness meter. On 

day 2 the mean fi rmness of the ‘Hass’ fruit was 67 

iq units while that of the ‘Maluma’ was signifi cantly 

lower at 55 iq units. This is most probably because 

‘Maluma’ (data not shown), together with ‘Edranol’ 

and ‘Fuerte’ (Kruger & Claassens, 1996), may be 

classifi ed as cultivars that are high in both water and 

oil contents while being lower than ‘Hass’ in the non-

oil dry component, which includes fi bre (Fig. 3). 

The above observations confi rm the importance of 

placing ‘Maluma’ into cool storage as soon as pos-

sible after harvest (Kruger et al., 2017). The same 

applies to controlled atmosphere (Kruger et al., 

2019). It further implies that the storage tempera-

ture must be set as low as possible. 

We would, however, like to draw attention to the 

fact that the induction of chilling injury (generally re-

ferred to as black cold damage in South Africa) may 

increase the respiration rate of the fruit. The res-

piration rates of ‘Hass’ fruit stored at four different 

temperature settings (Lemmer et al., 2009) are shown 
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Figure 1. Respiration rate and fi rmness of ‘Hass’ avocado 
fruit over a one-month storage period at 7°C.   

Figure 2. Comparison of the respiration rates of ‘Maluma’ 
and ‘Hass’ during the fi rst two weeks of storage at 8°C.  

Figure 3. Grouping of ‘Maluma’ in relation to the other 
export cultivars based on its oil and moisture contents. 
The original classifi cation was proposed by Kruger and 
Claassens (1996), while the ‘Maluma’ data was obtained 
from Dr Jurg Bezuidenhout.  

in Figure 4. The fruit stored at 4°C started to devel-

op black cold damage symptoms after one week. At 

the same time, the respiration rates of the damaged 

fruit increased from below 7 mg CO
2
/kg/h to above 

10 mg CO
2
/kg/h. The respiration rate only decreased 

to the original level after another 3 weeks of storage. 

Considering the above, if black cold damage is to 

be induced in ‘Maluma’ fruit during the initial (high 

respiration) storage phase (Fig. 2), a further increase 

in respiration rate accompanied by faster softening 

is to be expected. During the 2018 season, certain 

South African exporters stored their ‘Maluma’ fruit at 

black cold damage inducing temperatures right from 

the start. These exporters had several soft landings. 

Firmness reduction rates of ‘Maluma’ at differ-

ent storage and ripening temperature settings

Although we found ‘Maluma’ to have lower fi rmness 

readings shortly after harvest, the fi rmness reduction 

rate of ‘Maluma’ was (surprisingly) found to be lower 

than that of ‘Hass’ during storage. When stored at 

8°C, the fi rmness of ‘Hass’ reduced by 0.8 iq units per 

day while that of ‘Maluma’ dropped by 0.68 iq units 

per day. At 4°C the fi rmness of ‘Hass’ decreased by 

0.51 iq units per day while that of ‘Maluma’ reduced 

by 0.36 iq units per day (Fig. 5).

Kruger et al. (2016) reported that “ready-to-eat” 

‘Maluma’ fruit soften at a slower rate than ‘Hass’ 

when stored at 1°C after ripening. At fi rst glance this 

observation would seem to contradict the industry’s 

experience that ‘Maluma’ is more prone to soft arriv-

als than ‘Hass’. It would also seem to be contrary to 

ripeners’ experience that ‘Maluma’ ripens at a faster 

rate than ‘Hass’.  

However, when extrapolating the softening rates 

of ‘Hass’ and ‘Maluma’ stored at, respectively, 4°C 

and 8°C (Fig. 5), an interesting pattern evolves (Fig. 

6). According to the extrapolations, ‘Hass’ and ‘Malu-

ma’ fruit would soften at a similar rate, when stored 

at 20°C (representing ripening temperature). How-

ever, when kept at 1°C, ‘Hass’ softens at three to 

Figure 4. Respiration rates of ‘Hass’ stored at four tem-
perature settings. The arrow indicates the day on which 
black cold damage was initiated in the 4°C treatment.  
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Figure 5. Firmness of ‘Hass’ and ‘Maluma’ fruit stored 
at two temperature settings for one month.  

Figure 6. Extrapolation of the softening rates of ‘Hass’ 
and ‘Maluma’ fruit stored at, respectively, 4°C and 8°C.  

four times the rate that ‘Maluma’ does.  

Bearing in mind the processes explained in the 

preceding paragraphs, it is quite possible that ‘Malu-

ma’ may reach the ready-to-eat stage earlier than 

‘Hass’ but retain its fi rmness better than ‘Hass’ when 

stored at 1-2°C after ripening.  

FURTHER RESEARCH

One of the most important storage related aspects of 

the ‘Maluma’ cultivar currently requiring research is 

the storage temperature regime. It is essential that 

the trials include regimes with an initial temperature 

that is equivalent to that of ‘Hass’ of similar maturity, 

but that the temperature then be stepped to a lower 

level towards the end of the storage period. 
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ABSTRACT

During the last season, a number of observations were made regarding the epidemiology of vascular staining 

and grey pulp in ‘Maluma’ avocado fruit. It would appear that vascular staining is caused by the diffusion of 

pigment, from the seed coat into the vascular bundles during prolonged storage at low humidity conditions. 

It is recommended that cold rooms be fi lled to capacity so as to minimise the amount of moisture extracted 

from individual fruit. It is further important not to store small numbers of ‘Maluma’ fruit in large cold rooms for 

extended periods. Cold rooms must further have adequate cooling capacity to ensure that high relative humid-

ity levels are maintained. In terms of grey pulp, it is fi rstly important to adhere to previous recommendations 

regarding, especially, the non-export of fruit with dead seeds. It is further important that an end-of-season 

maturity cut-off point be introduced. A maximum dry matter content of 28% is suggested for orchards with a 

low nitrogen status, while this must be lowered to 26% for orchards with a high nitrogen status. 

Further observations and 
recommendations on the 

manifestation and control of 
vascular staining and grey pulp 

in ‘Maluma’ avocado fruit 

INTRODUCTION

This report deals with a number of observations made 

regarding the manifestation of vascular staining and 

grey pulp in ‘Maluma’ avocado fruit during the 2017 

and 2018 seasons. It further contains recommenda-

tions aimed at reducing the incidence and intensity of 

the disorders during export.  

Vascular staining 

Mhlophe & Kruger (2012) reported on the prevalence 

and manifestation of a physiological disorder they 

referred to as vascular staining (not to be confused 

with vascular browning which is a pathological dis-

order). They found the incidence of the disorder to 

correlate with fruit maturity and recommended that 

harvesting of ‘Maluma’ should only commence after 

a dry matter content of 23% is reached.

The present report deals with further observations 

made regarding vascular staining during the 2018 

season. 

During the fi rst study, the origin of the stain was 

carefully traced. Close inspection revealed that the 

pigment originates from the seed (Fig. 1). During 

seed maturation, the seed coat turns from creamy 

white to dark brown. During this process, a reddish 

FJ Kruger, GO Volschenk and L Volschenk

Lowveld Postharvest Services,
PO Box 4001, Mbombela (Nelspruit) 1200, SOUTH AFRICA

E-mail: fjkruger58@gmail.com

pigment is produced that imbibes the seed coat. Un-

der certain conditions, the pigment enters the vas-

cular bundles. It then migrates by means of capil-

lary action and may diffuse as far as the pedicel. As 

the pigment migrates in the vascular bundles, it fi rst 

turns a rusty colour and then black (Fig. 1). It may 

also diffuse out of the vascular bundles into the sur-

rounding tissue where it may leave an unsightly stain 

(Fig. 2). 

During our experimental trials we found that vas-

cular staining is not prevalent when the fruit are 

stored in pallets in full commercial cold rooms or 

shipping containers that are fi lled to capacity. Nei-

ther is it problematic when experimental cartons are 

stored in a small experimental fridge. We, howev-

er, found the disorder to be prevalent when a small 

number of cartons are stored in a large commercial 

cold room for an extended period. It would seem that 

under these conditions, the moisture inside the vas-

cular tissue is extracted from the bundles, thus in-

ducing the pigment’s migration out of the seed coat 

into the capillaries. 

Interesting results in support of the above obser-

vation were generated during trials aimed at estab-

lishing what effect the proportional time periods that 
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the fruit are kept under regular 

and controlled atmosphere have 

on fruit quality (Kruger et al., 

2019). As may be deduced from 

Table 1, when the fruit are placed 

into a high humidity controlled at-

mosphere (CA) container within 4 

days, vascular staining did not de-

velop. However, when placed into 

CA at a later stage, the incidence 

of the disorder sharply increased. 

This is most probably due to the 

longer period the experimen-

tal fruit spent in a sparsely fi lled 

commercial cold room where the 

moisture was more easily ex-

tracted from the vascular bundles, 

than in the CA chambers where 

the humidity is higher. 

It was further interesting to 

note that the incidence of the dis-

order was lower when the fruit 

were kept under regular atmo-

sphere (RA) for the full 30 days 

storage period (Table 1). This was 

Figure 1. Visual appearance of vas-
cular stains in the fl esh of a ‘Maluma’ 
fruit stored for 30 days at 5.5°C un-
der RA conditions. (A = unbound red 
pigment located in the seed coat; B 
= diffusion of the red pigment from 
the seed coat into the vascular bun-
dles; C = diffusion of the red pigment 
from the vascular bundles into the 
fruit fl esh; D = change of colour of 
the pigment from red to a rust col-
our; E = change of colour from rusty 
to black). 

Figure 2. Severe vascular staining in a ‘Maluma’ sample after storage for 30 
days in an empty (30 pallet) commercial cold room.  

Storage period (days) Vascular staining
(%)RA CA

1 30 0

4 26 0

8 22 92.9

12 18 85.7

16 14 85.7

30 0 14.3

Table 1. Incidence of vascular staining in ‘Maluma’ fruit stored for different 
time periods at 5.5°C under either regular atmosphere (RA) or controlled at-
mosphere (CA) conditions. 

probably due to the accumulation of, ripening-process related, moisture 

in the vascular bundles that impeded the migration of the red pigment 

from the seed coat into the vascular bundles. 

Indirect support for the above capillary diffusion hypothesis came from 

an orchard-based trial which aimed to establish what effect growth regu-

lator sprays have on yield and fruit size (confi dential report). A growth 

regulator was sprayed at two rates (Rate 1 and 2 x Rate 1) in the or-

chard. The fruit were hereafter stored in an empty commercial cold room 

at export simulation temperatures for one month. The incidences of the 

red and black stains were hereafter separately recorded for each fruit. 

As may be deduced from Table 2, the percentage of fruit with red 

stains decreased while those with black stains increased in the treat-

ment that received the double rate. Our current hypothesis is that 

meristematic tissue growth induced narrowing of the vascular bundles, 

resulting in the pigment migrating further along the vascular bundles 

in fruit that received the double rate. This caused a higher proportion 

of black pigment. 

Table 2. Incidence of vascular staining in ‘Maluma’ fruit (stored for 30 days at 
5.5°C under RA conditions) from trees that were sprayed with a plant growth 
regulator at two application rates.  

Treatment

Fruit with vascular staining 
(by stain colour)

(%)

Red stain Black stain

Control 38 a 63.1 a

Growth regulator: rate 1 42.1 a 64.8 a

Growth regulator: 2 x rate 1 12.5 b 77.3 b
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Table 3. Dry mass content readings of individual 
fruit harvested from an early ‘Maluma’ orchard in 
the Burgershall area.  

Fruit 
no

Dry mass
(%)

1 20,3

2 20,8

3 19,2

4 18,9

5 20,7

6 20,1

7 19,2

8 19,6

9 19,8

10 20,1

Mean 19,9

Table 4. Percentage of early season ‘Maluma’ 
fruit (dry matter 19.9%) with either “acceptable” 
or “good” taste scores after, respectively, 0, 14 
or 28 days storage at 5.5°C under regular at-
mosphere conditions.  

Storage 
period

‘Acceptable’ 
tasting fruit 

(%)

‘Good’ 
tasting 

fruit (%)

0 days 39 61

14 days 38 62

28 days 50 50

Figure 3. Ripening rates of early season ‘Maluma’ fruit (dry 
matter 19.9%) from the Burgershall area after, respectively, 
0, 14 or 28 days storage at 5.5°C under regular atmosphere 
conditions.  

In terms of the prevention of vascular 

staining, we recommend the following:

 Fill cold rooms to capacity so as to mi-

nimise the amount of moisture extracted 

from individual fruit. 

 Don’t store small numbers of ‘Maluma’ 

fruit in large cold rooms for extended pe-

riods. Cold rooms must further have ade-

quate cooling capacity to ensure that high 

relative humidity levels are maintained. 

The current results infer that the pres-

ent 23% dry mass maturity recommenda-

tion may possibly be relaxed. A preliminary 

study, aimed at characterising the ripening, 

taste and vascular staining incidence of less 

mature fruit, was subsequently performed in 

an early maturing orchard in the Burgershall 

area. The fruit were at 19.87% (Table 3) dry 

matter at the time of sampling. They ripened 

satisfactorily when stored for, respectively 0, 

14 and 28 days (Fig. 3) in a laboratory fridge. 

The taste of all fruit was acceptable (Table 

4) and no vascular staining occurred (Fig. 4). 
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Figure 4. Appearance of early season ‘Maluma’ fruit (DM 
19.9%) from the Burgershall area after, respectively, 0, 14 
or 28 days storage at 5.5°C under regular atmosphere condi-
tions. 

Figure 5. Absence and presence of grey pulp in ‘Maluma’ 
fruit with, respectively, live and dead seeds after export from 
South Africa to Europe. 

Grey pulp

During previous studies, we have concentrated on 

the following causes of grey pulp in ‘Maluma’ fruit: 

 The period from harvest to cooling (Kruger et 

al., 2017).

o The recommendation was made that fruit from 

correctly fertilised orchards be placed into cool 

storage within 8 hours, while fruit from orchards 

with a high nitrogen status be placed into cool 

storage within 4 hours of harvest. 

 The period from cooling to transfer into con-

trolled atmosphere (Kruger et al., 2019).

o Based on our results, a fair recommendation 

would seem to be around 4 days. 

 The incidence of dead seed coats per count 

(Kruger et al., 2018).

o It was recommended that smaller counts with 

a high proportion of dead seed coats (Fig. 5) 

not be exported. Packhouses should therefore 

inspect a representative sample of fruit of each 

count from every grower contributing to a spe-

cifi c batch in order to establish whether the 

fruit must be exported or locally marketed.

It is important to be aware that the above rec-

ommendations will not prevent, but only delay the 

development of grey pulp in over-mature fruit. Up 

to now, no recommendation has been made re-

garding a maximum maturity cut-off point. Dur-

ing the 2018 season, the incidence of grey pulp 

was recorded for each consignment exported from 

a packhouse in the Tzaneen area. To do this, the 

feedback received from importers was carefully 

studied. In Figure 6, the results of a mean ma-

turity calculation (lowest and highest dry matter 

content in consignment divided by 2) of a number 

of containers are plotted against the packing date. 

From the results, we recommend that ‘Maluma’ 

fruit from correctly fertilised orchards not be ex-

ported at a dry matter content higher than 28%. 

In the case of fruit from orchards with a high ni-

trogen status, we provisionally recommended that 

the end of harvest window be lowered to 26%. 
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ABSTRACT

Prochloraz is a postharvest product commonly used for the control of anthracnose on avocado fruit. An 

alternative misting system method was evaluated to determine the best application method of prochloraz. 

Results showed that the misting system does indeed ensures a more even residue level on the fruit throughout 

the day, whilst it also uses less chemical and there is hardly any waste disposal. However, prochloraz will 

not be available after 2022, since its registration will not be renewed. Therefore, the current methodologies 

and strategy to reduce anthracnose problems will have to be reviewed. It is envisaged that the strategy 

should include proper orchard sanitation, pruning to improve airfl ow in tree canopy, a spray programme with 

registered and effective fungicides at the correct time, proper control of insects, minimising wounds to fruit 

skin at harvest, i.e. cut rather than pull fruit, and a proper cold storage and supply-chain programme. In the 

packhouse, no other fungicide is available to effectively replace prochloraz at the moment. 

Packhouse misting of prochloraz: 
Concentrations and other 

influencing factors

INTRODUCTION

Prochloraz (Chronos 450 g/L SC – Adama) is regis-

tered as a postharvest treatment to control anthrac-

nose (Colletotrichum gloeosporoides) at a concentra-

tion of 180 mL/100 L water + 0.2% HCl, while the EC 

formulation is registered as 1100 mL/100 L water as 

a spray-on treatment using a 1.6 L spray mixture per 

ton fruit applied with a low volume applicator (Van 

Zyl, 2011). 

Although the allowed export default MRL for 

prochloraz was 5 ppm (DAFF, 2007) and might now 

increase to 7 ppm (EFSA, 2018; SANTE/10935/2018. 

Annex II), some importers in Europe require a lower 

MRL. When using the recommended concentrations, 

this lower MRL might be exceeded. 

Additionally, discrepancies in residue analyses 

of fruit treated similarly throughout the season 

have been observed for no apparent reason. A 

study was initiated to determine reasons for these 

inconsistencies but the study ended with serious 

variation in the results, and it was realised that 

the application and sampling protocol had to be 

improved since both were part of the high variation 

in residue levels encountered (Daneel et al., 2016). 

Another study (Daneel et al., 2017) followed to 

investigate factors that could possibly have an effect 

on residue levels of prochloraz on the fruit. Factors 

such as fruit size, cultivar and storage of fruit before 

packing, as well as the use of a sanitising agent in 

combination with prochloraz, with the prospect of 

reducing the concentration of prochloraz, and thus 

reducing excessive residue levels on the fruit, were 

evaluated. Results showed the highest residue 

levels were found on small size fruit, and cultivars 

varied in residue levels with ‘Hass’ having the 

highest residue level. Furthermore, standing over 

of fruit had little effect on residue levels although 

it was slightly higher on fruit packed one day after 

harvest. Adding a sanitation agent, Agrigold, in 

combination with prochloraz, resulted in higher 

residue levels (Daneel, 2015; Daneel et al., 2017). 

Packhouses were visited and water samples were 

collected to test the potential of the turbidity meter 

in measuring concentrations of prochloraz (Daneel 

and Botha, 2013). However, because of impurities 

in the water, a more favourable practice would 

be to use a misting system for the application of 

prochloraz, as the concentration is made up fresh 

every day, it is not diluted throughout the day and 

a considerable lower amount of chemical is used. 

Several packhouses have installed such a system, 

however, some fi ne-tuning is necessary to determine 

ideal concentrations of prochloraz as to ensure op-

timal residue levels on the fruit. Prochloraz is reg-

istered as a spray-on at 1100 mL/100 L water (Van 

Zyl, 2011). Spray on is however very different from 

misting and this concentration needs to be adapted 

for a misting system.

MS Daneel and A Sippel

Agricultural Research Council – Tropical and Subtropical Crops, 
Private Bag X11208, Mbombela (Nelspruit) 1200, SOUTH AFRICA

E-mail: mieke@arc.agric.za
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MATERIALS AND METHODS

Collection of fruit samples for residue analysis 

On all occasions, randomly selected small fruit (size 

22-24) was collected at the sorting and packing point 

of the pack line. For each sampling time, at least 36 

fruit were collected which were subsequently divided 

into three batches which represented three replicates.  

Fruit was placed in boxes when collected from the 

pack line. After drying, the fruit was packed in separate 

plastic bags, which were marked and closed. Thereaf-

ter fruit was transported to Labserve, Nelspruit, for 

analysis. Except for one occasion, fruit was delivered 

to Labserve on the same day. Fruit was kept at room 

temperature and never stored in the cold room. 

Collection of fruit from different cultivars

Because fruit was collected throughout the day at dif-

ferent time intervals, fruit on the pack line during 

that time was selected and no specifi c testing was 

done for different cultivars. 

Effect of different prochloraz concentrations 

on residue levels

When prochloraz concentrations were increased in 

the fungicide tank to determine the effect on residue 

levels, fruit was collected 5-7 minutes after changing 

the concentrations to allow the pack line enough time 

to transport the fruit from the fungicide bath to the 

sorting and packing part of the pack line. 

Comparison of three misting systems and 

residue analysis

Samples were collected from three different misting 

systems, which included two packhouses at Koeltehof, 

Hazyview, Mpumalanga Province and one packhouse 

at Bassan Packers, Tzaneen, Limpopo Province. 

Residue analysis to determine MRL 

for prochloraz

Residue analysis was done by Labserve, Nelspruit, 

using the modifi ed EN15662 method using a Shi-

madzu LCMS-8040 me Prominence HPLC. For each 

sampling three replicates were collected and anal-

ysed separately. 

RESULTS

Collection of fruit samples for residue analysis

Variation in residue levels was overall smaller than pre-

viously observed when sampling in the fungicide bath. 

Collection of fruit from different cultivars

No specifi c tests were conducted to compare resi-

due levels of different cultivars since the samples 

were collected from fruit being packed at that stage. 

However, fruit collected included ‘Fuerte’, ‘Hass’ and 

‘Pinkerton’, and no differences could be observed be-

tween the three cultivars concerning residue levels.

Effect of different prochloraz concentrations on 

residue levels

Changes in prochloraz concentrations were im-

mediately visible in residue levels on the fruit. 

Whenever the concentration was increased, an in-

crease in residue levels was observed while residue 

levels remained the same when concentration were 

not changed (Table 1). The higher residue level at 

7:52 is probably due to an uneven distribution at the 

start of the system. This indicates that while the pack 

line is being started, the misting system should also 

be switched on to ensure that everything is wet when 

the fi rst fruit arrives at the rollers. 

Table 1. Residue levels of fruit treated with different 
prochloraz concentrations. 

Sampling 
time

Prochloraz 
concentration 

(mL/100 L water)

Prochloraz 
residue levels 

(ppm)

7:52 450 3.180

8:40 625 2.196

9:15 700 3.748

10:18 700 3.656

10:32 700 3.700

Comparison of three misting systems and 

residue analysis

The three misting systems differed in numbers of 

nozzles, nozzle size and thus amount of solution 

sprayed on the fruit. 

At Bassan Packers, residue levels were consistent 

throughout the day and between days, whilst only 

about 100 L of solution was used per day (Table 2). 

The residue levels observed were satisfactory within 

the limits for the export and local market.

Table 2. Residue levels for prochloraz for the three 
packhouses tested using similar concentrations in the 
fungicide tank.  

MRL (ppm)

Standard 
deviation 

(ppm)

Koeltehof A 3.254 0.452

Koeltehof B 1.259 0.137

Bassan packers 0.753 0.072

At Koeltehof, in both packhouses, nozzles had a high-

er capacity compared to Bassan Packers, thus more 

solution was sprayed onto the fruit resulting in higher 

residue levels. Although both systems are basical-

ly the same, residue levels in the older packhouse 

(Koeltehof A) were consistently higher. The pack line 

in Koeltehof A is moving slower and therefore more 

product is sprayed onto the fruit resulting in higher 

residue levels. Additionally, this system seemed to 

have regular blockages of the nozzles, resulting in 

more cleaning of the nozzles. This process caused 

high concentrations of prochloraz to drop onto the 

rollers, resulting in higher residue levels on the fruit. 
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Even if fruit was collected 30 minutes after cleaning 

the nozzles, residue levels were really high (ranging 

between 4.5 to 6.1), indicating a much longer effect 

than anticipated. 

The layout of the misting system in Koeltehof A 

was different from the new packhouse, mainly be-

cause of positioning of the water tank and nozzle 

system on the pack line, resulting in longer pipes 

and more elbows. Additionally, no fi lter was installed 

between the fungicide tank and pump. The purpose 

of the fi lter is to prevent clogging, and in the absence 

of the fi lter much more blockages were experienced 

on this pipe line. Number of nozzles did not seem to 

have an effect on residue levels as long as the entire 

width of the pack line was covered. 

DISCUSSIONS

The misting system seems to provide a method that 

supplies the chemical more evenly on the fruit, as 

well as having less fl uctuation of residue levels, 

meaning fruit is also more evenly protected against 

anthracnose. For this trial, smaller size fruit were col-

lected and analysed as previous trials showed that 

smaller fruit were more prone to higher residue lev-

els (Daneel et al., 2017).  

The misting system seems to be effi cient on most 

cultivars and no difference of residue levels on the 

different cultivars was observed. However, fruit that 

is not transported smoothly on the pack line due to 

either too small or too large size and/or of different 

shape, tends to get stuck on the rollers, resulting in 

higher residue levels due to longer exposure time. 

Whenever prochloraz concentrations were in-

creased in the tank of the misting system, it very 

quickly resulted in higher residue levels on the fruit. 

It is therefore important to start with a concentration 

that has shown good results, such as 600 mL/100 L 

water, especially if fruit is packed for export to cer-

tain European supermarkets where the allowed MRL 

is only 0.8.  

When one of the nozzles was cleaned because of 

blockage, residue levels also increased considerably 

as a high prochloraz concentration was released on 

the rollers. The higher MRLs were observed for a con-

siderable time after cleaning the nozzles, since fruit 

was only collected 30 minutes after cleaning the noz-

zles, indicating a long after-effect. Cleaning should 

therefore be done when the pack line is not in op-

eration with no fruit on the pack line. However, it 

is important to prevent blockages rather than fi xing 

them by adding fi lters at each nozzle as well as add-

ing a fi lter between the tank and the pump before the 

solution goes into the pipes. 

It is also important to note than the person collect-

ing the residue samples for the packhouse has not 

come in contact with prochloraz earlier that day, as 

samples could be contaminated. 

The capacity of the nozzles is a driving factor in 

how much solution is deposited on the fruit. If the 

nozzle size is too high, too much solution is used, 

resulting in higher residue levels as well as too much 

solution being used throughout the day (of which a 

Table 3. Summarising characteristics of the misting 
system.  

 Tank size: 100-400 L 

 Pump: Peripheral pump of at least 4 Bar

Return valve or circulation system inside tank: to 

ensure constant stirring of solution

 Filter: Between tank and pump 

Nozzles: 0.75-1.0 mm

Small fi lters: positioned before each nozzle

Number of nozzles: depending on pack line width

Closed unit: can be made from metal or plastic

Concentration: depends on ppm required but start 

with 600 mL/100 L water

Use rollers or brushes on the pack line instead of 

doughnuts

Unit should be positioned before dryers 

Clean tank and pipes regularly – when there is no 

fruit on the pack line

considerable amount is then wasted). Nozzles that 

are too small result in blockages, since prochloraz 

solution is relatively thick and becomes stuck inside 

the nozzle. Therefore, it is important to ensure that 

the nozzles are the correct size (about 0.75 mm) and 

preferably a fi lter should be used together with each 

nozzle. 

The number of nozzles very much depends on the 

width of the packing line and should be determined 

accordingly, making sure that the spray covers the 

width of the pack line. A cover on top of the misting 

system is preferable to prevent drift. 

Rollers or brushes are preferable above dough-

nuts, since doughnuts suck up the solution resulting 

in higher residue levels later in the day. 

A misting system seems to be an improvement to 

the commonly used systems and could be installed 

in most packhouses without excessive costs. The 

advantages of such a system are the lower amount 

of prochloraz used throughout the day, reducing the 

costs of the chemical. Misting uses a much smaller 

amount of water compared to a bath and spray-

on system. Immediately linked to this, less water 

and chemical have to be disposed of, resulting in 

a signifi cantly lower ecological impact or foot-print. 

The solution applied is more accurate and remains 

the same concentration as it is an open system and 

once the solution is sprayed on the fruit, it is not 

recycled. It is very important to remember that the 

solution in the container has to stay in suspension 

at all times.  

How long will prochloraz be available? 

Currently a more pressing problem is the removal 

of prochloraz by 2022 as a chemical to control an-

thracnose on avocado fruit. In 2011, prochloraz was 

re-registered by BASF and Makhteshim Agan for a 

10-year period (EFSA, 2011), but chances are very 

limited that this registration will be renewed. 



SOUTH AFRICAN AVOCADO GROWERS’ ASSOCIATION YEARBOOK 42, 2019 109

Why will prochloraz be removed from 

the market? 

Prochloraz is classifi ed as an “Endocrine disrupting 

chemical” (EDC), which means prochloraz has an 

effect on the endocrine or hormonal system of ani-

mals, including mammals and humans. Hormones 

are chemical substances that affect diverse process-

es such as growth, reproduction, sexual characteris-

tics to name some, at very low concentrations. Very 

small amounts can trigger very large responses in 

the body. Endocrine disruption or hormonal disrup-

tion implies that even very low concentrations can 

have an adverse effect on the organism exposed to it. 

Research has shown that EDCs have an effect mainly 

on reproduction, fertility, development, growth, me-

tabolism and behavior (IPCS/WHO, 2013). Moreover, 

if we look around us, we cannot ignore that the num-

ber of people suffering from cancer, infertility, de-

mentia, auto immune system disease etc. has con-

siderably increased.

Together with prochloraz, 30 other pesticides are 

now listed as EDC (https://endocrinedisruption.

org/; Sante, 2016; PAN, 2017). These chemicals are 

widely used in agriculture, and end up as residues 

in our food, exposing people to them on a daily ba-

sis. Moreover, the effects of prochloraz are combined 

with those of other EDCs resulting in an even more 

dangerous “cocktail” effect. 

Although fruit send to the markets have prochlo-

raz levels below the accepted MRL, these levels still 

have a signifi cant effect on the person consuming it. 

Additionally, prochoraz is used on a wide range of 

fruit and vegetables, making the levels found in our 

bodies even higher because most people eat more 

than one fruit or vegetable per day. Considering this, 

it might therefore be better for our own health to 

start looking at alternatives for prochloraz. 

What is the plan?

No other postharvest chemicals are available with 

the same effi cacy against anthracnose, although 

several other products have been tested as a single 

application or in combination (Daneel et al., 2016). 

Therefore, the different steps from fl owering to the 

cold chain to reduce anthracnose incidence needs to 

be improved. Proper sanitation in the orchards by 

removing old branches and leaves will remove in-

oculum. Pruning to improve aeration in the tree will 

ensure that leaves and twigs can dry quicker after 

rain, reducing changes of spread and development 

of anthracnose. Chemical control against diseases 

like Cercospera will also control anthracnose. No ad-

ditional spray is necessary, but it is important to en-

sure that the chemicals are sprayed correctly and 

timeously. At harvest, fruit must be treated with care 

at all times and damaged fruit (due to disease or in-

sect damage, mechanical damage, sun burn) should 

not be brought into the packhouse as this is the fruit 

that will rot easily and infest other fruit. Rotten fruit 

on the pack line can infect the entire pack line by 

spreading spores everywhere. In the packhouse fruit 

must be handled softly. As soon as the cold storage 

starts, it should not be interrupted as this will also 

increase chances of anthracnose development. It 

might be interesting to investigate the possibilities 

of ozone and controlled atmosphere in the cold chain 

process. Other alternatives in the packhouse could 

be the use of anolyte water and/or nanotechnology, 

but this needs to be investigated. 
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ABSTRACT

This project aims to establish what effect ridging has on a series of phenological and production related aspects 

of avocado orchards. To do this, a randomized block designed trial was established near Modjadjiskloof in Lim-

popo province. The trial consists of four ridge heights (0, 400, 800 & 1200 mm) that were replicated 13 times. 

Each replicate plot contains 7 ‘Hass’ trees. At the end of the fi rst growing season, the ridges were found to have 

compacted to half the size they were directly after construction (approximately 0, 200, 400 & 600 mm). Al-

though there were, as yet, no differences observed between the different treatments, certain interesting trends 

relating to orchard topography were recorded. The mean stem diameter, tree height and canopy width of the 

trees located in the upper reaches of the orchard were found to be, respectively, about 50%, 20% and 66% 

greater than those in the lower reaches. Trees located in the higher lying part of the orchard were further found 

to have signifi cantly more hail damage than those in the lower part of the orchard. Interestingly, in this case 

the ridge heights did play a role. In the higher reaches of the orchard, the 400 mm and 600 mm treatments 

were found to have more hail damage than the 0 mm and 200 mm treatments. This was the fi rst important 

observation made during the study and it has spawned hail damage prevention trials with a novel approach. 

First results from a study aimed 
at quantifying the effects that 
ridges have on the yield and 
fruit quality of ‘Hass’ avocado

INTRODUCTION

Although ridges are increasingly used by the South African avo-

cado industry, little research has been done on the perceived 

advantages of the procedure. Nor are there any research based 

guidelines regarding the optimal size for the ridges. The present 

study aims to generate this information. It will cover topics such 

as the infl uence ridges have on orchard management practices, 

the phenological characteristics of the tree, the epidemiology of 

root rot infections, the yield and fruit count distribution, as well as 

the storage potential and the ripening characteristics of the fruit.  

MATERIALS AND METHODS

The trial is being performed on the farm Hansfontein in the Mod-

jadjiskloof district. A satellite image of the trial site is shown in 

Figure 1, while the appearances of the orchard during construc-

tion, directly after planting and during recording of the fi rst set of 

data, are shown in, respectively, Figures 2 to 4. 

The orchard is planted on a southeast facing slope. The bottom 

of the orchard is located at approximately 1 160 m above sea 

level while the top of the orchard is at 1 170 m above sea level. 

The orchard specifi cations are shown in Table 1, while the ran-

domized plot design details are shown in Table 2. Table 3 lists the 

reductions in ridge height that occurred due to compaction from 

the time of construction of the ridges until planting.

FJ Kruger, GO Volschenk and L Volschenk

Lowveld Postharvest Services,
PO Box 4001, Mbombela (Nelspruit) 1200, SOUTH AFRICA

E-mail: fjkruger58@gmail.com

Figure 1. Satellite image of the trial site 
during the period between construction and 
planting when the ridges were allowed to 
settle and soil enhancements were per-
formed.
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Figure 2. Appearance of the trial site during the construction of the 
ridges.  

Figure 3. Transition zone between two plots with different ridge heights, 
showing the two dripper lines. This will be increased to 3 lines at the 
end of 2019. The fi gure further shows where a tree has been removed 
due to hail damage. It was replaced shortly afterwards.  

Figure 4. Appearance of the experimental orchard during March 2019. 
The photograph was taken from the lower south-eastern service road in 
a south-westerly direction. 

The following readings were taken dur-

ing March 2019: 

 The tree height 

 The diameter of the stem at approxi-

mately 300 mm above soil level 

 The diameter of the canopy 

 A general appearance score was al-

located to each tree 

 Since the orchard was subjected to 

hail during the 2018/19 growing sea-

son, each tree was also appraised for 

hail damage.  

RESULTS AND DISCUSSION

No statistically signifi cant variation 

was recorded in tree size between the 

different sized ridges after the fi rst 

season. The results were somewhat 

confounded by hail damage that ne-

cessitated the replanting of severely 

damaged trees. However, telling dif-

ferences were, nevertheless, recorded 

between the top and bottom sides of 

the orchard. 

The stems of the trees in the high-

est lying rows were approximately 50% 

thicker than those in the lower lying 

rows (Fig. 5) while they were also ap-

proximately 20% higher (Fig. 6). When 

omitting the rows located next to the 

service roads, the top lying trees’ cano-

pies were two thirds wider than those 

located at the lower end of the orchard 

(Fig. 7). The above trends were further 

refl ected in the general appearance 

scores of the trees (Fig. 8).  

Interesting trends were observed in 

so far as the hail damage scores of the 

trees are concerned. Although the high-

er lying trees were found to have more 

hail damage than the lower lying trees 

(Fig. 9), the trees planted on the two 

highest ridges (400 mm and 600 mm) 

had more hail damage than those plant-

ed on the lowest ridge (200 mm) and 

on fl at soil. This is the fi rst important 

observation to emanate from the study 

which, in turn, spawned hail damage 

prevention trials with a novel approach.  

It is envisaged that valuable infor-

mation will be generated by the pres-

ent study, not only pertaining to ridges, 

but also in so far as the effects that or-

chard outlay, climate and management 

practices have on ‘Hass’ production and 

fruit quality.
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Table 1. Specifi cations of the orchard in which the trial was laid out.  

Orchard design aspects Specifi cation

Cultivar Hass

Rootstock Dusa

Experimental block size 1 ha

Mean elevation 1 165 masl1

Soil type Hutton

Plant spacing 3.5 m x 7 m 

Irrigation type Pressure compensating drippers

Number of dripper lines per 
row

2 (to be increased to 3 during 
2019)

Dripper spacing 500 mm

Dripper delivery 1 l/h

1 masl = m above sea level
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Figure 5. Relationship between mean stem diameter and 
row number during March 2019. (Row 1 is located at ap-
proximately 1 160 m above sea level while row 13 is at 
approximately 1 170 m above sea level.)    

Figure 6. Relationship between mean tree height and 
row number during March 2019. The reading from the 
bottom row was not included. (Row 1 is located at ap-
proximately 1 160 m above sea level while row 13 is at 
approximately 1 170 m above sea level.) 

Figure 9. Relationship between the mean hail damage 
scores of the four ridge heights and the row number dur-
ing March 2019. The readings taken in the bottom and 
top rows were not included (Row 1 is located at approxi-
mately 1 160 m above sea level while row 13 is at ap-
proximately 1 170 m above sea level.) 

Figure 7. Relationship between mean canopy diameter 
and row number during March 2019. The readings taken 
in the bottom and top two rows were not included. (Row 1 
is located at approximately 1 160 m above sea level while 
row 13 is at approximately 1 170 m above sea level.)    

Figure 8. Relationship between the mean appearance 
scores of the trees and row number during March 2019. 
(Row 1 is located at approximately 1 160 m above sea level 
while row 13 is at approximately 1 170 m above sea level.)  

Table 2. Design specifi cations of the trial block.  

Trial design aspects Specifi cation

Number of treatments 4

Number of replicate plots 
per treatment

13

Number of rows 13

Number of plots per row 4

Number of trees per plot 7

Total number of plots 52

Total number of trees 364

Table 3. Approximate reduction in ridge height that 
took place between construction and the end of the fi rst 
growing season.  

Approximate ridge height (mm)

Upon construction March 2019

0 0

400 200

800 400

1200 600
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