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ABSTRACT

Orchards of optimum leaf N exhibited less lenticel damage compared to high nitrogen orchards. As more than
80% South African ‘Hass’ orchards are high nitrogen orchards (more nitrogen is applied to increase fruit size
and yield), this alone complicates the objective towards reducing lenticel damage of ‘Hass’. It would be wise
to look for alternative ways to increase fruit size and yield to optimally reduce lenticel damage in ‘Hass’. An
orchard used in 2019 that obtained the least lenticel damage of all orchards visited in the last three years, with
optimum leaf N, Ca, Mg and B, accumulated B in the fruit skin to a value 114% higher than the leaf B value.
This partly explains the remarkable resistance of this orchard in developing lenticel damage. The extremely
high skin B content could only have been obtained with optimum photosynthetic output in place, to ensure the
availability of Perseitol (a C7 sugar) that acts as carrier of B during phloem transport. In contrast, a 2020 or-
chard with optimum leaf N, Ca, Mg and B similar to the 2019 orchard which showed the least lenticel damage,
could only accumulate B in the fruit skin to a value of 10.7% higher than the leaf B value. This implies that
photosynthetic output was inhibited during fruit development and hence less Perseitol was available to act as
a carrier, resulting in less effective phloem transport of B to the fruit skin. The consequent reduced fruit skin
integrity explains the higher sensitivity to develop lenticel damage. Suboptimal irrigation may limit the root
uptake of Ca and B through transpiration and hence limit the integrity of the fruit skin, adding to increased
sensitivity to lenticel damage. This emphasises the importance of optimum irrigation during the first 6-7 weeks
of fruit development to ensure that Ca and B accumulate optimally in the fruit skin from early fruit develop-
ment. However, sustained optimum irrigation is needed in the months following until harvest to obtain maxi-
mum fruit pulp and skin B content for optimum fruit skin integrity when fruit are harvested. A newly selected
orchard in 2021, with optimum leaf N, Ca, Mg but lower leaf B with optimum irrigation applied, resulted in a
142.9% increase in fruit skin B content. This orchard obtained lenticel damage of 39.5% and received inter-
mediate wind damage as an additional negative attributing factor to damaging lenticels. This demonstrates
the utmost importance of optimum irrigation to maintain optimum phloem transport of B to the fruit skin for
optimum fruit skin integrity and the influence of wind damage in managing lenticel damage effectively. Since
the research done in 2020 indicated that the absorption of Ca and B into the fruit skin and pulp was a problem,
the 2021 spray trials were planned to improve the absorption of these nutrients into avocado fruit. The new
tests include a wetter with additional penetrating function (WetCit), as well as a wetter (PANAF 5) that contains
a lipid-amino acid, proven to be a good carrier of fungicides into plant cells of other commodities. The results
indicated that both WetCit and PANAF 5 were able to significantly increase B and Si in the fruit skin. However,
the skin Ca content was not increased by inclusion of Wetcit and PANAF 5. In further research, penetrators like
BREAK-THRU® SP 133 (Alchem Group) and Tronic (AECI) with the ability to move active ingredients through the
wax layer into the plant, needs to be tested on avocado. These penetrators can dissolve the plant’s protective
waxy layers, allowing fertilizers and herbicides to move more effectively into the plant cells. In 2019, 2020
and 2021, the spray trial aimed at increasing Ca into the fruit skin during the late season was not effective.
The need for improved Ca absorption into the fruit skin during the first 6 weeks of fruit development remains
a priority for future trials.

INTRODUCTION brown or black spots on the fruit skin. This disorder
The avocado industry identified the need for research occurs when the fruit skin is damaged in the region
solutions to reduce lenticel damage. Lenticel dam- around the lenticels. When the fruit skin is fully tur-

age, a disorder of the peel of avocados, manifests as gid (not wilted), the lenticels become sensitive and
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highly susceptible to handling damage. It was re-
quested that time be spent on farms to identify pre-
harvest factors as well as harvest practices that could
possibly contribute to the occurrence of lenticel dam-
age. Furthermore, the influence of harvest practices
and pre-harvest nutritional factors in the expression
of fruit skin and pulp nutrient composition differences
in avocado needed to be established, to link nutrient
composition to lenticel damage.

Lenticel damage was in the past mainly perceived
to be a problem in ‘Fuerte’ avocado, showing un-
sightly brown or black speckles on ripe fruit that
remained green. ‘Hass’, in contrast, was perceived
to be at a lower risk of developing lenticel damage,
since lenticel damage is hardly visible once the fruit
has changed colour and ripened, despite possibly
harbouring lenticel damage when green, prior to col-
our transformation. Competition in the market has
changed the perception towards lenticel damage,
with the buyer rather selecting ‘Hass’ with no visible
lenticel damage. Results of the 3rd year’s study of a
3 year project are reported on.

Three main objectives were identified for the 2021

season:

e To investigate if there is an effect of optimum and
sub-optimum irrigation on high nitrogen and opti-
mum nitrogen orchards on lenticel damage during
storage of ‘Hass’ avocado.

e To ascertain if late foliar applications of AECI and
Levity Crop Science of calcium, boron and silicon
products 3 months prior to harvest, are effectively
absorbed into the fruit skin and if this could as-
sist in reducing lenticel damage in a high nitrogen
orchard.

e To investigate if the addition of 2 adjuvants (PANAF
5 and WetCit) with penetrating properties, can im-
prove the absorption of these nutrients into avo-
cado leaves and fruit.

MATERIALS AND METHODS

Taking the results and important findings of 2020 into
consideration, research for 2021 was directed at vali-
dating certain findings. Two trials were conducted.

TRIAL 1: The effect of optimum and sub-optimum
irrigation on high nitrogen and optimum nitrogen or-
chards, on lenticel damage during storage of ‘Hass’
avocado - Objective 1.

A 2019 orchard with optimum leaf N, Ca, Mg and
B was able to accumulate B in the fruit skin with a
value that was £ 100% higher than the leaf B value
obtained from an orchard with the least lenticel dam-
age. This partly explains this orchard’s remarkable
resistance to develop lenticel damage. The very high
skin B content could only have been obtained with
optimum photosynthetic output in place, to ensure
the availability of Perseitol (a C7 sugar) that acts as
carrier of B during phloem transport. A 2020 orchard
with optimum leaf N, Ca, Mg and B was very similar
to the 2019 orchard but obtained the least lenticel

damage, as B accumulation in the fruit skin was only
+ 6% higher than the leaf B value of 13%, lead-
ing to increased lenticel damage. This implies that
photosynthetic output was inhibited during fruit de-
velopment. This led to less Perseitol available to act
as a carrier, which influenced the effective and opti-
mum phloem transport of B to the fruit skin. Further
research is needed to verify this important finding.
This possibly led to reduced fruit skin integrity that
explains the higher lenticel damage. Suboptimal irri-
gation may limit the root uptake of Ca and B through
transpiration, and hence limit the integrity of the fruit
skin adding to the increased sensitivity to lenticel
damage. This emphasises the importance of optimum
irrigation during the first 6-7 weeks of fruit develop-
ment to ensure that Ca and B accumulate optimally
in the fruit skin. Sub-optimal irrigation leads to water
stress during which stomata on leaves close to limit
transpiration as well as photosynthesis. However, op-
timum irrigation in the months thereafter also needs
to be maintained to ensure maximum B translocation
from the tips of old leaves through phloem transport.
Taking this in consideration, it was decided to iden-
tify 2 optimum nitrogen and 2 high nitrogen orchards
with both optimum and sub-optimum irrigation un-
der these two nitrogen regimes. Hypothetically this
orchard was sub-optimally irrigated, resulting in in-
hibited photosynthetic output of Perseitol, leading to
less B translocated to the skin although optimum B
was present. This needed to be shown in the 2021
trials. Therefore two high nitrogen as well as two
optimum nitrogen orchards were chosen to include
both optimum irrigation and sub-optimum irrigation
in these two nitrogen regimes.

Treatments
Four orchards of Producer I were visited, harvested
and evaluated in 2021:

2 x high nitrogen orchards of Producer I (2021):
e Orchard I S3A (leaf nutritional composition: N =
2.7%, Mg = 0.57%, Ca = 1%, B = 38 mg/kg)
- The nutritional composition was: high N, opti-
mum Ca and Mg, slightly low B.
- Full sprinkler irrigation, dry as well as wet soil
moisture prior to harvest (it was visited twice)
and sub-optimal irrigation.

e Orchard I M5 (leaf nutritional composition: N =

2.6%, Mg = 0.57%, Ca = 0.5%, B = 20 mg/kg)

- This orchard had high nitrogen with Ca and B
deficiency and was therefore more sensitive to-
wards lenticel damage.

- Full sprinkler irrigation, dry soil moisture prior
to harvest and optimal irrigation.

2 x optimum nitrogen orchards of Producer I (2021):
e Orchard I S1B (leaf nutritional composition: N =
2.85%, Mg = 0.60%, Ca = 1.21%, B = 43 mg/kg)
- This orchard was an optimum nitrogen orchard
in 2020, but changed to a high nitrogen orchard

in 2021.
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- Full sprinkler irrigation, dry as well as wet soil
moisture prior to harvest (it was visited twice)
and sub-optimum irrigation.

e Orchard I M3 (leaf nutritional composition: N =
2.2%, Mg = 0.6%, Ca = 1%, B = 35 mg/kg)
- The leaf nutritional composition of optimum N,
optimum Mg and optimum Ca was very similar
to PF1 2019.
- Full sprinkler irrigation, dry soil moisture prior
to harvest and optimum irrigation.

The research data of 4 other orchards were includ-
ed for study purposes, where fruit was harvested in
2019 and 2020.

1 x optimum nitrogen orchard of Producer F (selected
in 2019):
e F1 2019 (leaf nutritional composition: N = 2.3%,

Mg = 0.50%, Ca = 1.2%, B = 50 mg/kg)

- The nutritional composition was optimum N,
optimum Ca, Mg and B (fruit from this orchard
could not be harvested in 2021, since the or-
chard was harvested very early this season).

- Full sprinkler irrigation, dry soil moisture prior
to harvest (7 days no rain).

- Optimum irrigation until 1 month prior to har-
vest, after that it only relied on rainfall as ir-
rigation water was not available.

1 x optimum nitrogen orchard of Producer I (for
study purposes the 2020 results of this orchard were
also included):
e I S1B 2020 (leaf nutritional composition: N =
2.25%, Mg = 0.57%, Ca = 1.01%, B = 56 mg/kg)
- The nutritional composition was optimum N,
Ca, Mg and B.
- Full sprinkler irrigation, dry soil moisture prior
to harvest and optimum irrigation.
- Orchard with sub-optimum irrigation.

1 x high nitrogen orchard of Producer H (for study
purposes the 2019 results of this orchard were also
included):

e H2 (leaf nutritional composition: N = 2.68%, Mg =

0.60%, Ca = 1.21%, B = 54 mg/kg)

- The nutritional composition was high nitrogen
and optimum Ca, Mg and B.

- Full sprinkler irrigation, wet as well as dry soil
moisture prior at harvest (was visited twice)
and optimum irrigation were applied on specific
days on a weekly basis. Irrigation is managed
very precisely and the producer makes sure
that the orchards are irrigated timely at the
prescribed soil moisture of +5 mm which leads
to no water stress periods during the season.

1 x high nitrogen orchard of Producer I (for study

purposes the 2020 results of this orchard were also

included):

e Orchard I S3A (leaf nutritional composition: N =
2.55%, Mg = 0.55%, Ca = 1%, B = 60 mg/kqg)
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- The nutritional composition was high nitrogen,
optimum Ca and Mg, slightly low B.

- Full sprinkler irrigation, dry as well as wet soil
moisture prior to harvest (it was visited twice)
and sub-optimal irrigation is suspected as the
fruit skin B did not increase as needed in 2020.

- It was visited again in 2021.

Harvest and cold storage
e Samples were taken from 4 sampling points during

the handling chain (5 box replicates, count 16).

e The first sample was box-picked in the orchard,
representing fruit handled with the utmost care /
minimal damage, of the lowest possible incidence
of lenticel damage.

e The second sample was taken at harvest, direct-
ly from crates or bins of fruit picked by the farm
personnel, to establish the level of lenticel dam-
age occurring as a result of commercial harvest by
farm pickers.

e The third sample set was drawn upon arrival of the
fruit at the packhouse, to verify the extent of dam-
age manifesting during transport between orchard
and packhouse.

e The fourth sample was taken directly from the
pack-line, to ascertain the level of lenticel damage
relating to the packing process.

e The samples were sent to Stellenbosch via refrig-
erated truck and stored in an ExperiCo cold room
at 5.5 oC for 25 days to simulate export.

Fruit ripening and evaluation
e The fruit were ripened at 20 °C.

e The evaluation comprised a full fruit quality ex-
amination, including physiological disorders (grey
pulp, black cold damage, lenticel damage, vascu-
lar browning, vascular staining) and pathological
disorders (anthracnose and stem-end rot).

TRIAL 2: The effect of late season foliar nutrient
sprays in a high nitrogen orchard, 3 months prior to
harvest, on lenticel damage of ‘Hass’ avocado - Ob-
jective 2.

Background to trial conducted
Generally, increased lenticel damage occurred on

fruit from high N orchards compared to fruit from
trees with optimum N in 2019 and 2020. This implies
that Ca sprays need to be very effective to rectify the
Ca : N ratio and to give improved cell wall integrity to
trees with high nitrogen. Fruit skin cells of trees with
high N are known to be bigger with thinner cell walls.
The need existed to determine if foliar sprays of Ca, B
and Si can reduce sensitivity towards lenticel damage
in high nitrogen orchards. Furthermore, if the Ca : N
ratio can be improved, then lenticel damage can be
reduced.

Site selection

One high nitrogen ‘Hass’ orchard in the Soekmekaar
area was selected for trial purposes in 2021. Full
sprinkler irrigation was applied in this orchard and




the trial started 6 weeks prior to expected harvest
time.

Products used
Calcium, boron and silica products of 2 suppliers
were used:
e AECI Plant Health:
- Calcium (Calcimax 500 m{//100 L)
- Boron (FloBor 150 m{/100 L)
- Silica (EcoKsil 250 m¢/100 L)
e Levity Crop Science:
- Calcium (Albina 1 L/ha)
- Boron (Damu 2 L/ha)
- Silica (Zeme 1 L/ha).

As the thick wax layer on the leaves and fruit of avo-
cado inhibits effective absorption of nutrients, two
additional treatments were done, including 2 adju-
vants with penetrating properties to possibly assist in
improved absorption through the wax layer barrier:
e PANAF 5 (1 L/h) consists of a lipid-amino acid that
is known to increase the absorption of fungicides
e WetCit (70 m{/100 L), a very affective wetter with
penetrating properties.

Foliar applications

In total 5 sprays were conducted with a mist blower,

comprising:

e 3 sprays of a boron + calcium combination (7-day
intervals over a period of 21 days)

e 2 sprays of silicon a day before and a day thereaf-
ter (2 sprays)

e 5 tree replicates were included for each treatment.

Spray treatments:
As the orchards were not uniform, AECI Plant Health

and Levity Crop Science products were applied as
two trials with a separate untreated control.

e Treatment 1 (T1)
Untreated control.

e Treatment 2 (T2)
Foliar applications of boron, calcium and silicon.
For the AECI Plant Health products, Biodew was
included as wetter and the Levity Crop Science
products were applied with no adjuvant included.

e Treatment 3 (T3)
Foliar application of boron, calcium applied in com-
bination. For all AECI Plant Health and Levity Crop
Science products, WetCit was added as an adju-
vant.

e Treatment 4
Foliar application of boron, calcium applied in com-
bination. For all AECI Plant Health and Levity Crop
Science products, PANAF 5 was added as an ad-
juvant.

Harvest and cold storage
e Fruit were harvested for storage purposes 6 weeks

after the last spray treatment.

e For each treatment 8 boxes of Count 16 (160 fruit)
sized fruit were harvested with care to minimise
lenticel damage:

- 4 boxes were rolled in a 10 L bucket according
to the “Jostling method”

- The remaining 4 boxes were not “Jostled”, act-
ing as an untreated control

e The samples were sent to Stellenbosch via refrig-
erated truck and stored at the ExperiCo facilities at
5.5 °C for 25 days to simulate export.

Fruit ripening and evaluation
e The fruits were ripened at 20 °C and subsequently

evaluated.

e The evaluation comprised a full fruit quality ex-
amination, including the following physiological
disorders: grey pulp, black cold damage, lenti-
cel damage, vascular browning, vascular stain-
ing; and pathological disorders (anthracnose and
stem-end rot).

Statistical analyses

Statistical analyses were conducted on 4 replicates
per treatment. The data were subjected to two-way
analyses of variance (ANOVA), using Statistica (sta-
tistical software).

RESULTS AND DISCUSSION

TRIAL 1: To determine the influence of handling
‘Hass’ fruit in an orchard of high and optimum nitro-
gen levels, utilising different irrigation regimes, on
the occurrence of lenticel damage after storage - Ob-
jective 1.

Adherence to soil moisture protocol

The SAAGA protocol recommends: “Avoid picking

from orchards with soils at field capacity (tensiome-

ter reading of 20-30 kPa, 500 mm deep, topsoil con-
taining most roots), as this will increase susceptibility
to lenticel damage”. Fruit skin cells will be more tur-
gid and, as such, avocado is not suitable for harvest
if soils are at field capacity, or wet due to rain, or
fruit are wet when harvested directly after irrigation.

In general, during 2019 one of the most important

industry protocols as far as control of lenticel damage

is concerned was not adhered to.

Producers either use tensiometers (kPa) or probes
(mm) to measure soil moisture to plan and manage
their irrigation cycles (Table 1):

e An orchard of Producer I, visited in 2020 and 2021,
made use of a tensiometer. This orchard (No. 3, PI
S1B 2020 and No. 4, PI S1B 2021) complied with
the industry protocol with tensiometer readings of
72 kPa and 60 kPa respectively, during both visits.

e However, the same orchard (No. 9, PI S1B 2021)
was visited twice in 2021. With the first visit, due
to a misunderstanding, it was irrigated and fruits
harvested at a soil moisture of 20 kPa.

- The protocol advises to dry out soil higher than

30 kPa, as field capacity is obtained between
20-30 kPa. In the case of orchard No. 8, PI S1B
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Table 1: Harvesting practices followed at 10 orchards according to soil moisture parameters or harvesting schedules
according to days allowed after rain

Tensiometer Number of days

Probe reading

Orchard Producer reading (if used) allowed after

. : Other comments
number code (if used) mm last rain

kPa (days)

F1 Irrigation stops 5 weeks prior
1 ) (-) 7d to picking due to shortage
2019
of water on the farm
I M3 . s .
2 ) +4 mm Optimum full irrigation, sprinklers
2021
I1S1B Sub-optimum full irrigation,
3 2020 72 kpa ) sprinklers
I1S1B Sub-optimum full irrigation,
4 2021 60 kpa ) sprinklers
5 H 2 ©) +4 mm Optimum full irrigation, sprinklers
2019 p g / SP
I S3A Sub-optimum full irrigation,
6 2021 LGS ) sprinklers
I M5 . S .
7 (-) +4 mm Optimum full irrigation, sprinklers
2021
I S3A Sub-optimum full irrigation,
2 2020 AD [ ) sprinklers
I1S1B Sub-optimum full irrigation,
° 2021 20 ) ) sprinklers
H2 ) oo .
10 2019 ) -5.5 mm Optimum full irrigation, sprinklers

Table 2: The incidence of lenticel damage on fruits of 10 ‘Hass’ orchards, sampled at 4 points; (a) after personalised
box-pick and pack, (b) in the orchard from bins after farm-picked, (c) upon arrival at the packhouse, and (d) from the
pack-line, representing Two-way ANOVA for 10 orchards

QUALITY PARAMETER - INCIDENCE of LENTICEL DAMAGE (%)

Factor A (Orchard) x Factor B

(Sampling points) Factor A (Orchard) Factor B (Sampling points)
(a) (b) (c) (d) (a) (b) (©) (d)
Picked | Farm Upon |Packed Picked [Farm |Upon |Packed
into pickers |arrival lon into pickers| arrival |on
L boxes at pack- boxes at pack-
directly pack- |line directly pack- |line
house house
1. |PF12019 |32.5a |30.0a 32.5a [30.0a 1. |PF12019 |31.25 47.29 54.2 63.5 68.25
2. |[PI M3 2021 |34.5ab |34.5ab |38.4bc |39.5c 2. |PI M3 2021 [36.71
3. |[PI S1B 2020|40.0c  |40.0c 45.0d |47.5def | |3. |PI S1B 2020/43.13
4. |PI S1B 2021 |46.7de |50.0efg |58.0hi [62.0ijk 4. |PI S1B 2021/54.18
5. |PH 22019 |47.5def |51.3efg |65.0kl |67.5Im 5. |[PH 22019 |57.81
6. |PI S3A 2021 |47.5def |52.2fg 65.0kl |67.9Im | |6. |PI S3A 2021|58.15
7. |PI M5 2021 |52.0fg |58.8ij 70.0m |75.0n 7. |PI M5 2021 |63.93
8. |PI S3A 2020|57.5hi |63.8jkl |85.00 |92.5p 8. |PI S3A 2020|74.69
9. |PI S1B 2021|53.8gh |69.0m 84.00 |100.0g | |9. |PI S1B 2021|79.20
10.|PH 2 2019 |60.0ij |85.00 90.0p |100.0q | [10.|PH 2 2019 |83.75
P < 0.0000 P < 0.0000 P < 0.0000

* Letters that are dissimilar are significantly different based on the Fisher LSD (a = 0.05)
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2021 with a soil moisture of 22 kPa, the orchard
was too wet as it falls very close to the wetter
than field capacity range (0-20 kPa) of tensiom-
eter readings.

- By not adhering to the dry soil moisture proto-
col there was an increase of 61.3% in lenticel
damage.

e A high nitrogen orchard of Producer I was visited

in 2020 and 2021 (No. 6, PI S3A 2021 and No.

8, PI S3A 2020), harvested at 50 kPa and 32 kPa

respectively, and both results obtained indicated

increased susceptibility to developing lenticel dam-

age (Table 2).

- The protocol advises to dry out soil higher than
30 kPa, as field capacity is obtained between
20-30 kPa.

- As the soil moisture reading of 32 kPa in the
case of No. 8, PI S3A 2020 was still close to
field capacity margin of 30 kPa and resulted in
a high incidence of lenticel damage, it is rec-
ommended to pick closer to the next irrigation
as this will ensure that drying out of the soil
is adequate. The producer indicated that they
usually irrigate these medium texture soils at a
soil moisture of 40 kPa.

- Literature indicates that for medium texture
soils, irrigation is required between 40 to 55
kPa to avoid damage that occurs at too dry soil
moisture values of 60-80 kPa. Heavy clay soils
on the other hand need to be dried out further
and irrigation is desirable as soil suction values
reach 70-80 kPa.

- High nitrogen orchards that are harvested dur-
ing the late season are still quite susceptible to
developing lenticel damage that was also noted
in 2019. Therefore it is important to use the soil
moisture readings of orchards to be harvested
as closely monitored measures to decide when
to harvest.

Producer F did not make use of probes or tensi-

ometers in orchard No. 1, PF1 in 2019 and the last

rain was 7 days before the harvest date and the
dry-out period was adequate to safely say that the
soil moisture was within protocol.

e The cumulative lenticel damage incidence of or-

chard H2 (producer H, 2019) was visited and
sampled twice during harvest when the soil probe
moisture reading was too wet (No. 5, PH2 2019, -6
mm) and dry (No. 10, PH2 2019, +4 mm) (2019)
and differed by almost 40%, with the highest level
exhibited for orchard No. 10, H2 2019. This can be
ascribed to the difference in soil moisture levels at
harvest for the two sets of fruit samples. Adher-
ence to the industry soil moisture protocol result-
ed in much lower lenticel damage. Furthermore,
lenticel damage increased as a result since fruit of
both soil moisture treatments were subjected to
additional handling, however, more so for orchard
No. 10, H2B 2019, that was harvested at too wet
soil moisture.
- To dry out the soil to +4 mm until the day
before, the next irrigation that took place at

+5 mm in the case of medium texture soils is
advisable.

- However, for soil consisting of a higher clay con-
tent that dries out slower, irrigation is needed
between 10 to 16 days later for soils that vary
between +10 mm to +16 mm soil moisture. In
a similar way it is advised to dry out the soil un-
til 1 day before the expected day of irrigation,
which entails the proper management of probe
data that must be checked on a daily basis.

2 orchards of Producer I that make use of soil

moisture probes (No. 2, PI M3 2021 and No. 7, PI

M5 2021) adhered to the dry soil moisture proto-

col, and both were harvested at +4 mm.

- When harvested dry, the high nitrogen orchard
(No. 7, PI M5 2021) obtained significant higher
lenticel damage of 75% compared to the 30%
of the optimum nitrogen orchard (No. 2, PI M3
2021). Although both adhered to the dry soil
moisture protocol, a high nitrogen orchard has
increased sensitivity towards developing lenti-
cel damage.

The findings of adherence to or applying the stipu-

lation to avoid harvesting at field capacity at or-

chard level by the 10 orchards, are summarised in

Tables 1 and 3.

Lenticel damage (Table 2)

Comparison of the level of lenticel damage as influ-
enced by the handling chain, by sampling fruit at dif-
ferent points related to activities completed in the
handling chain, was done.

Two-way analyses of variance (ANOVA) were ap-

plied by analysing the data in Statistica (statistical
software) and using the LSD test (a = 0.05) to com-
pare treatment means (Table 2) for Factor A (10 or-
chards) and Factor B (4 sampling points). A signifi-
cant interaction occurred between Factor A (orchard)
and Factor B (4 sampling points).

Comparison between different orchards for each of
the sampling points
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Sampling points a, b, c and d
- A common result occurred for each of the 4
sampling points for the level of lenticel damage
occurring between orchards. Significantly lower
lenticel damage was recorded on fruit for 6 of
the 10 producers / orchards (No 1, PF1 2019;
No. 2, PI M3 2021; No. 3, PI S1B 2020; No. 4,
PI S1B 2021; No. 5, PH2 2019 and No. 6, PI S3A
2021), compared to fruit from producers / or-
chards (No. 8, PI S3A 2020; No. 9, PI SB1 2021
and No. 10, PH2 2019).
®" These 6 orchards were harvested in adher-
ence to the soil moisture protocol.
® In 3 of these 6 orchards exhibiting lower
lenticel damage, optimum leaf N levels were
present, with 2 of the 3 orchards exhibiting
optimum leaf Ca, Mg and B levels (No. 1,
PF1 2019 and No. 3, PI S1B 2020).
- The shared feature of the orchards exhibiting
significant higher lenticel damage is the presence




of high leaf N levels in 4 orchards that adhered to
the soil moisture protocol (No. 4, PI S1B 2021;
No. 5, PH2 2019; No. 6, PI S3A 2021; No. 7,
PI M5 2021) and low leaf B in 3 orchards, while
3 of the 10 orchards did not adhere to the soil
moisture protocol for harvesting (No. 7, PI M5
2021; No. 8, PI S3A 2020; No. 9, PI SB1 2021).
- Furthermore, fruit sampled for each of the 4
sampling points exhibited significantly lower len-
ticel damage for 3 producers / orchards (No. 1,
PF1 2019; No. 2, PM3 2021; No. 3, IS1B 2020)
compared to 4 orchards (No. 4, PI S1B 2021;
No. 5, PH2 2019; No. 6, PI S3A 2021; No. 7, PI
M5 2021). The common feature of the orchards
exhibiting lower lenticel damage is the presence
of optimum leaf N, as opposed to high leaf N.

Discussion

For only one (No. 1, PF1 2020) of 10 orchards, no
significant differences in incidence of lenticel dam-
age occurred between the four sampling points,
with the incidence varying very close to each other
(between 30-32.5%), which differed significantly
for the other 9 orchards (No. 3, PI S1B 2020; [3]
PI M3 2021; [4] PI S1B 2021; No. 5, PH2 2019;
No. 6, PI S3A 2021; No. 7, PI M5 2021; No. 8, PI
S3A 2020; No. 9, PI SB1 2021; No. 10, PH2).

e This implies that lenticel damage was not induced
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by additional steps in the handling chain for pro-

ducer PF1.

- Initially, the five weeks of no irrigation prior
to harvest were pointed out as a possible rea-
son for the low incidence of lenticel damage.
However the reduced irrigation was replicated
in a high nitrogen orchard in an attempt to re-
duce the incidence of lenticel damage and this
proved not be the case in 2020.

- A nutritionally optimum orchard (No. 1, PF1) with
optimum leaf N (1.3%), optimum leaf Ca (1.2%)
and optimum leaf B (50 mg/kg) was most resist-
ant towards developing lenticel damage.

Orchard No. 2, PI M3 2021 of optimum nitrogen and

chosen for its known optimum irrigation, as well as

harvested in adherence to the dry soil moisture pro-
tocol, showed no significant difference in incidence
of lenticel damage between the first two sampling
points (box-picked and picker crates). Both sampling
points obtained values of 34.5%, which indicates
some resistance to development of lenticel damage.

Lenticel damage increased significantly upon arrival

at the packhouse and for the pack-line sampling

point, reaching levels of 38.4% and 39.5% respec-
tively.

- This orchard’s lenticel damage levels did not
differ significantly from orchard No. 1, PF1 at
sample point a (box-picked) and sample point
b (farm-picked). This proves optimum nitrogen
orchards are less sensitive to developing lenti-
cel damage with minimal handling.

- This orchard unfortunately exhibited low wind
damage, that explains the significant increase
in lenticel damage at sample point d (pack-

line fruit). In this regard, fruit with no wind
damage were chosen in the box-pick sample
point a, as well as at the farm-picked sample
point b. It was also mentioned in 2019 that
late wind damaged fruit are not removed on
the pack-line during sorting. This results in in-
creased lenticel damage being recorded, as the
two disorders produce damage resulting in very
similar lesions, especially in the case of late
season wind damage.

For orchard No. 3, PI S1B 2020, which is nutrition-
ally similar to optimum orchard No. 1, PF1 2020,
a significant difference in incidence of lenticel
damage occurred between the first two sampling
points (box-picked and farm-picked), with both
sampling points exhibiting values at 40%, indi-
cating some resistance to development of lenticel
damage. Upon arrival at the packhouse, lenticel
damage increased to 45% and to 47% at the pack-
line sampling points.

- Unfortunately this orchard had intermediate
wind damage, which explains the 17.5% higher
lenticel damage when compared to orchard No.
1, PF1 2019 (pack-line values). In this regard
it can be added that [1] PF1 2019 is a small
orchard surrounded by big trees that provided
100% protection against wind damage.

Grade 3 damage, according to the PPECB lenticel

grading protocol, only occurred on fruit that had

passed over the pack-line, especially if harvested
in orchards with wet soil moisture as was also

pointed out in 2019 and 2020 (Fig. 1).

- This emphasises the importance in adhering to
the industry soil moisture protocol. In this re-
gard, three orchards (No. 6, PI S3A 2020; No. 7,
PI S2A 2020; No. 10, PH2 2019) exhibited grade
3 lenticel damage of 16-30%. By not adhering
to the industry soil moisture protocol, fruit from
these orchards packed as Class 1 are at risk
of not passing the 10% maximum allowed by
PPECB's grading system for Class 1 export fruit.

Results of the same ‘Hass’ orchard (No. 5, PH2

2019 and No. 10, PH2 2019 [Fig. 1d]) when har-

vested at a “drier” soil moisture (probe reading +4

mm) one day before starting the next irrigation,

exhibited fruit with much less lenticel damage com-

pared to fruit harvested from the same orchard at a

soil moisture content of -5.5 mm (No. 10, PH2 19).

The 3 optimum nitrogen orchards (No. 1, PF1

2019; No. 2, PI M3; No. 3, PSI S1B) harvested in

adherence to the industry soil moisture protocol,

obtained significantly less lenticel damage (30-

47.5%) than the 4 high nitrogen orchards (62-

75%) that complied with the soil moisture proto-

col (No. 4, PI S1B 2021; No. 5, PH2 2019; No. 6,

PI S3A 2021; No. 7, PI M5 2021) as well as the

high incidence recorded (92.5-100%) for the three

remaining high nitrogen orchards (No. 8, PI S3A

2020; No. 9, PI S1B 2021; No. 10, PH 2B 2019)

where non-compliance to the industry soil mois-

ture protocol led to increased lenticel damage.

The high nitrogen orchard which adhered to soil

SOUTH AFRICAN AVOCADO GROWERS' ASSOCIATION YEARBOOK 45, 2022



TEST THE ENERGY STATUS OF
YOUR AVOCADO TREE WITH
TEST™

@

Agri Technovation

PLANTPHYSIOLOGY™

Samples are tested at the world-class
Agri Technovation Plant Physiology
Research Centre.

Agri

hnovation offers the world
RBOHYDRATES,
ado producers,

status of o orchards.

Knowing th ohydrate status of
your trees throughout the season is the
critical first step in being able to manage
carbohydrates and yield. The ITEST™
CARBOHYDRATES analysis program is a
new tool with which sugars and starch
‘concentrations in leaves and roots
- can be monitored accurately and
- continuously at the appropriate
enological stage of the crop. This
lead to the timely development of
management practices that will help
producers to ensure optimal plant
growth, yield and high fruit quality.

Bringing AT-ness to every Farmer

Q)

+27 21 300 0543
info@agritechnovation.co.za

L in)

+27 12940 4398
info@laeveld.co.za

www.agritechnovation.co.za www.laeveld.co.za



1)
~

=
] ey @ o 8
(=] o (=1 (=]

% Fruit with and without Lenticel Damage
o

b)

% Fruit with and without Lentcel Damage

c)

% Fruitwith and withoutLenticel damage

Q.

)

=
=]
o

-]
=1

e
(=]

By
=]

% Fruit with and without Lenticel damage
o
=

8

oo
o

@
(=1

£
(=]

=
o

(=1

100 4
1
i i

Box-picked: % of fruit with and without Lenticel Damage
% Incidence (Grade 1+ Grade2 + Grade 3) =
40b 46.7c 475c 475¢c 52d 57.5de 53.8d 60e

325a 37b

OGrade0 OGradel EGrade? BGrade3
Soil moisture DRY:

PF1  PIM3 PISIB PISIB PH2 PIS3A PIM5 PIS3A P1S1B PH2
19 2 ‘0 il 9 A il ‘20 il "9

Pickers Crates/Bins : % of fruit with and without Lenticel damage
% Incidence (Grade 1 + Grade2 + Grade®) =

30a 37b 40b 50c 513c 522c 58.8d 638e 69f 859
@Grade0 DOGrade1 ®@Grade2 mGrade3
Soil moisture DRY: Soil moisture WET:

PF1  PIM3 PIS1B PISIB PH2 PISIA PIMS PISIA P1SIB PH2
19 bl ‘0 U 19 il bl ‘0 U 9

Packhousearrival Crates/Bins : % of fruit with and without Lenticel damage
% Incidence (Grade 1+ Grade 2 + Grade 3) =
325a 384b 45c 58d 65 65  TOe  85f  B4f 90f

DOGrade0 OGrade! mGradeZ mGraded

[Soil mofsture DRY: Soil moisture WET:

PF1 P|S1B Prsm PH2 P1$3A PIM5 PIS3A P1S1B PH2
19 '21 20 il 19 il il 20 il 19

Pack-line: % of fruit with and without Lenticel damag

% Incidence (Gradel + Grade2 + Grade8) =
47.5¢c 62d 67.4de 67.9e 75f 9255 100g 100g
DGrade0 [OGradel MGrade2 MWGrade3

“Jﬂam

PF1 PIM3 PISIB PISIB PH2 PIS3A PIMS PISIA PISIB  PH2
"9 il 20 kil 19 kil kil 20 k1l "9
TDays +4mm 72kPa 60kPa +4mm S0kPa +4mm 32kPa 20kPa -55mm
no rain PRODUCERS | ORCHARDS
= 726 64 64 il 64.1 67 68 63 il 64.1

:uedlpx Hgnmghmughx

moisture protocol, with deficient leaf Ca and

B (No. 7, PI M5 2021) and optimally irrigated,

exhibited the highest lenticel damage of 75%

at the pack-line sampling points, compared to

the 3 other high nitrogen orchards (No. 4, PI

S1B 2021; No. 5, PH2 2019; No. 6, PI S3A

2021) which also adhered to the soil moisture

protocol (62-67.9%).

e The findings implicated:

- That optimum leaf nutrition (N, Ca and B
levels) reduces the level of postharvest len-
ticel damage of ‘Hass’ avocado.

- That suboptimal irrigation may limit the
root uptake of Ca and B through transpi-
ration and hence limit the integrity of the
fruit skin, adding to increased sensitivity to
lenticel damage.

- The sensitivity of high N orchards towards
developing lenticel damage is indicated.

Comparison between sampling points for the
different orchards

e Sampling point a vs. d (Table 5)
- Fruit sampled directly after being picked by
an individual into boxes (box-picked = a)
exhibited significantly less lenticel damage
compared to fruit picked on the farm and
packed after being placed on the pack-line
(packed on pack-line = d), for 9 (= 90%)
of the 10 orchards / producers (No. 2, PI
M3 2021; No. 3, PI S1B 2020; No. 4, PI
S1B 2021; No. 5, PH2 2019; No. 6, PI S3A
2021; No. 7, PI M5 2021; No. 8, PI S3A
2020; No. 9, PI SB1 2021; No. 10, PH2).
- The findings implicated:
®" That exposing avocado to accumula-
tive handling practices from picking
by the farm labour force, travel to the
packhouse and subjecting the fruit to
the pack-line, resulted in higher lenti-
cel damage than subjecting avocado to
minimal handling by picking and packing
directly into a box and no further han-
dling thereafter.

®  Accumulative handling was the domi-
nant factor influencing the level of lenti-
cel damage and not nutrition (N, Ca, Mg
and B levels) or the irrigation regime,

Figure 1: Percentage fruits with lenticel damage for
samples procured from 9 ‘Hass’ avocado orchards
from (a) box-picked fruit (b) picking teams harvest
(c) from the bins upon arrival at the packhouse and
(d) from the pack-line. The intensity of the disorder
was quantified using PPECB’s grading system (Grade
0, 1, 2 & 3). The producer code, soil moisture, leaf
nutrient content (N, Ca and B), incidence of wind
damage and sampling point are indicated. Stats:
ANOVA; Fisher LSD P<0.05
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Table 3: Rationale behind dividing 10 ‘Hass’ producers / orchards into two main groups, according to pre-harvest
practices followed prior to, during and at picking, relating to the level of lenticel damage recorded after storage

Comments /
Other factors that played a role

Orchard
Incidence of
late wind damage
Leaf N (%)
Leaf Ca (%)
Leaf B (mg/kg)

5
£g?
X a 0
Lo®
1.
E'n.E
m.sg

()]
w--
I-;c

)
For
- 1S
o Yo
E:A
_'gE
QO =
8&E

No probes; Irrigation stopped 1 m prior to har-
vest; rain thereafter, however 7 d no rain prior
to picking = adhere to soil moisture protocol;
1. PF1 dry picking, optimum leaf N, Ca and B, No
2019 wind damage. Effective phloem transport of B
to fruit skin and pulp; good photosynthetic out-
put of Perseitol (C7 Sugar) leads to high skin B.
Optimum irrigation
Probes, Adherence to soil moisture protocol;
2. IM3 sl dry picking, Optimum leaf N and Ca, B. Effec-
2021 tive phloem translocation of B to fruit pulp and

skin. Low wind damage
Tensiometer; Adherence to soil moisture pro-

No 2.30 | 1.2 | 50

Low 2.2 | 1.0

age. Sub optimum irrigation

Probes; No adherence to soil moisture proto-
col; Wet picking; High N, though optimum leaf
-6 mm - |and skin Ca and B; No wind damage, Effective| No 2.68 | 1.2 | 56
phloem translocation of B to fruit pulp and skin.
Optimum irrigation

3. ISiB tocol; Dry picking. Inhibited B phloem trans-
g 2020 el port to fruit pulp and skin. Intermediate wind Med | 2.25 ) 1.0 | 56
< O damage. Sub-optimum irrigation
a 9 Tensiometer; High N and low B, though optimum
3 E 4, 1S1B 60 kP _ | Ca, assisting with cell wall strength / properties; but| Med/ 285 | 1.1
G ©° 2021 a low leaf B, Intermediate wind damage. Sub-op-| high : )
> timum irrigation
E Probes; Adherence to soil moisture protocol;
5. PH2A dry picking, optimum leaf and skin Ca and B,
2019 +4 mm - |though high N. Effective phloem translocation| No 2.70 | 1.2 | 56
of B from old leaf tips to fruit pulp and skin.
No wind damage. Optimum irrigation
Tensiometer; Adherence to soil moisture pro-
6. PIS3A tocol; Dry picking, Inhibited phloem trans-
2021 S0 [ port of B to fruit pulp and skin. Sub-optimum e 2.7 1.0 38
irrigation. Intermediate wind damage
Probes; Adherence to soil moisture protocol;
Dry picking, High leaf N and low Ca and B.
7. IMS +4 mm Inhibit_ed B phloem tr_ansloc_at?on t_o fruit pulp High 2.6
and skin although optimum irrigation was pre-
sent; Leaf B-deficient leads to low skin B. High
wind damage
Tensiometer; No adherence to soil moisture
8. PIS3A protocol; Wet picking; High leaf N and
2020 32 kPa - though optimum Ca; Intermediate| High | 2.70 | 0.94
o Sub-optimum ir-
B rigation
[ .g Tensiometer; No adherence to soil moisture
g- =8 9. PISI1B 20 kPa _ |protocol; Wet picking; High N, though opti-| Med/ 285 | 1.1
( = 2021 mum Ca; Intermediate incidence of wind dam-| high
" g
2

10. PH 2B
2019

Group A included orchards that were harvested within SAAGA soil moisture recommendation to minimise lenticel damage
Group B included orchards that were harvested with soils too wet, or other factors influencing the incidence of lenticel damage negatively,
such as high nitrogen and low calcium content, as well as the incidence of late wind damage
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since increased lenticel damage occurred in
fruit sampled from most orchards (all except
1 orchard, [1] F1 2019, with optimum nutri-
tion and irrigation by sprinklers).

e Sampling point a vs. c (Table 4)

- Fruit sampled directly after being picked by an
individual into boxes (box-picked = a) exhibited
significantly lower lenticel damage compared to
fruit picked on the farm and sampled upon ar-
rival at packhouse (packhouse arrival = c) for 8
(= 80%) of the 10 orchards / producers (No. 2,
PI M3 2021; No. 3, PI S1B 2020; No. 4, PI S1B
2021; No. 5, PH2 2019; No. 6, PI S3A 2021;
No. 7, PI M5 2021; No. 8, PI S3A 2020; No. 9,
PI SB1 2021; No. 10, PH2).

- The findings implicated:

As previously indicated, exposing avocados
to accumulative handling practices from
picking by the farm labour force and travel

to the packhouse and packing without plac-
ing the fruit onto the pack-line, resulted in
higher lenticel damage than avocados sub-
jected to minimal handling by picking and
packing directly into a box and no further
handling thereafter.

That handling was the dominant factor influ-
encing the level of lenticel damage and not
nutrition (N, Ca, Mg and B levels) in com-
bination with the irrigation regime, since
increased lenticel damage occurred in fruit
sampled from most orchards (all except 2
orchards - No. 1, F 2019 and No. 2, PI M3
2021).

That to some extent if N, Ca, Mg and B occur
at optimal levels (orchard No. 1, F1 2019 and
orchard No. 2, PM3 2020), then subjecting
the fruit to more radical handling practices is
of lesser concern and will not exacerbate the
occurrence of lenticel damage.

Table 4: Incidence of lenticel damage on fruits of 10 ‘Hass’ orchards, sampled at 2 points; (a) after personalised box-pick
and pack and (b) in the orchard from bins after being farm-picked as well as (a) after personalised box-pick and pack, and
(c) upon arrival at the packhouse, presenting Two-way ANOVA results on 10 orchards and Group A and Group B

QUALITY PARAMETER - LENTICEL DAMAGE

Factor A (Orchard) x Factor B Factor B
(Sampling points) (Sampling points)
Group Orchard (a) After (b) After Factor A (Orchard) (a) After (b) After
box-pick farm- box-pick farm-
pick pick
1. PF 12019 32.5a 30.0a 1. PF 12019 31.3 47.2 54.4
2. PIM3 2021 34.5a 34.5a 2. PIM3 2021 34.5
Group 3. PIS1B 2020 40.0b 40.0b 3. PIS1B 2020 40.0
A 4. PIS1B 2021 46.7c 50.0cde 4. PIS1B 2021 48.4
5. PH 22019 47.5cd 51.3cde 5. PH 22019 49.4
6. PIS3A 2021 47.cd5 52.2de 6. PIS3A 2021 49.9
7. PIMS5 2021 52.0de 58.8fgh 7. PIM5 2021 55.4
Group 8. PIS3A 2020 57.5fg 63.8h 8. PI S3A 2020 60.6
B 9. PIS1B 2021 53.8ef 79.0i 9. PIS1B 2021 66.4
10. PH 2 2019 60.0gh 85.0j 10. PH 2 2019 72.5
P<0.0000 P<0.0000 P<0.0000
Factor A (Orchard) x Factor B Factor B

(Sampling points)

(Sampling points)

Group Orchard (a) After (c) Upon (a) After (c) Upon
box- arrival Factor A (Orchard) box-pick arrival
pick at pack- at

house pack-

house

1. PF 12019 32.5a 32.5a 1 PF 1 2019 32.5 472 63.3
2. PI M3 2021 34.5ab 38.4bc 2. PIM3 2021 36.4
e 3. PIS1B 2020 40.0c 45.0d 3. PIS1B 2020 42.5
A 4. PIS1B 2021 46.7d 58.0gh 4. PIS1B 2021 52.4
5. PH 22019 47.5de 65.0i 5. PH 22019 56.3
6. PI S3A 2021 47.5de 65.0i 6. PIS3A 2021 56.3
7. PI M5 2021 52.0ef 70.0i 7 PI M5 2021 61.0
Group 8. PI S3A 2020 57.5gh 85.0k 8. PI S3A 2020 68.9
B 9. PIS1B 2021 53.8fg 84.0k 9. PIS1B 2021 71.3
10. PH 2 2019 60.0h 90.0I 10. PH 2 2019 75.0
P<0.0000 P<0.0000 P<0.0000

* Letters that are dissimilar are significantly different based on the Fisher LSD (a = 0.05)
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e Sampling point a vs. b (Table 4)

Fruit sampled directly after being picked by an
individual into boxes (box-picked = a) exhib-
ited significantly lower lenticel damage com-
pared to fruit sampled after being picked by
the farm harvesting team and placed in lug
boxes or bins (farm-picked = b) for 4 (= 40%)
of the 10 orchards / producers (No. 7, PI M5
2021; No. 8, PI S3A 2020; No. 9, PI SB1 2021;
No. 10, PH2).
The findings implicated:
®" In contrast to other comparisons, handling
seemed to not be the dominant factor in-
fluencing the level of lenticel damage, but
rather nutrition, since increased lenticel
damage occurred in fruit sampled from less
than 30% of the orchards (only No. 7, PI M5
2021; No. 8, PI S3A 2020; No. 9, PI SB1
2021, 2019) with all three of the orchards
having high N and Mg but low B.

® Irrigation may have contributed to the exac-
erbation of lenticel damage, along with the
nutrient imbalances (No. 8, PI S3A 2020;
No. 9, PI SB1 2021), since increased dam-
age occurred on fruit from trees that were
irrigated using sprinklers, but not subjected
to drying prior to harvest.

e Sampling point b vs. d (Table 6)

Fruit sampled after being picked by the farm
harvesting team and placed in lug boxes or bins
(farm-picked = b) exhibited significantly lower
lenticel damage compared to fruit picked on
the farm and packed after being placed on the
pack-line (packed on pack-line = d), for 8 (=
80%) of the 10 orchards / producers (No. 3,
PI S1B 2020; No. 4, PI S1B 2021; No. 5, PH2
2019; No. 6, PI S3A 2021; No. 7, PI M5 2021;
No. 8, PI S3A 2020; No. 9, PI SB1 2021; No.
10, PH2).

Table 5: Incidence of lenticel damage on fruits of 10 ‘Hass’ orchards, sampled at 2 points; (a) after personalised box-
pick and packed, and (d) from the pack-line and (b) in the orchard from bins after farm-picked, and (c) upon arrival at
the packhouse, presenting Two-way ANOVA on 10 orchards, and Group A and Group B orchards

QUALITY PARAMETER - LENTICEL DAMAGE

Factor A (Orchard) x Factor B Factor B
(Sampling points) (Sampling points)
Group Orchard (a) After (d) From Factor A (Orchard) (a) After (d) From
box-pick pack- box-pick pack-line
line
1. PF12019 32.5a 30.0a 1. PF 12019 31.3 47.2 68.2
2. PIM3 2021 34.5a 39.5b 2. PIM3 2021 37.0
Group 3. PIS1B 2020 40.0b 47.5cd 3. PIS1B 2020 43.8
A 4. PIS1B 2021 46.7c 62.0g 4. PIS1B 2021 54.4
5. PH 22019 47.5cd 67.5h 5. PH 22019 57.5
6. PIS3A 2021 47.5cd 67.9h 6. PI S3A 2021 57.7
7. PI M5 2021 52.0de 75.0i 7. PI M5 2021 63.5
Group 8. PI S3A 2020 57.5fg 92.5j 8. PI S3A 2020 75.0
B 9. PIS1B 2021 53.8ef 100.0k 9. PIS1B 2021 76.9
10. PH 2 2019 60.0g 100.0k 10. PH 2 2019 80.0
P<0.0000 P<0.0000 P<0.0000
Factor A (Orchard) x Factor B Factor B
(Sampling points) (Sampling points)
Group Orchard (a) After (c) Upon (b) After (c) Upon
farm- arrival Factor A (Orchard) farm- arrival
pick at pack- pick at
house pack-
house
1. PF12019 30.0a 32.5a 1. PF12019 31.3 54.446 63.29
2. PIM3 2021 34.5ab 38.4b 2. PIM3 2021 36.4
Group 3. PIS1B 2020 40.0bc 45.0cd 3. PIS1B 2020 42.5
A 4. PIS1B 2021 50.0de 58.0f 4. PIS1B 2021 54.0
5. PH 22019 51.3e 65.0hi 5. PH 22019 58.1
6. PI S3A 2021 52.2e 65.0hi 6. PI S3A 2021 58.6
7. PIM5 2021 58.8fg 70.0i 7. PIMS5 2021 64.4
Group 8. PI S3A 2020 63.8gh 85.0kl 8. PI S3A 2020 74.4
B 9. PIS1B 2021 79.0j 84.0jk 9. PIS1B 2021 81.5
10. PH 2 2019 85.0kl 90.0 10. PH 2 2019 87.5
P<0.0001 P<0.0000 P<0.0000

* Letters that are dissimilar are significantly different based on the Fisher LSD (a = 0.05)
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- The findings implicated:

" That exposing avocados to accumulative han-
dling practices from picking by the farm labour
force, travel to the packhouse and placing the
fruit on the pack-line resulted in higher lenticel
damage than avocados subjected to only han-
dling from picking and packing by farm labour.

® Handling seemed to be the dominant factor
influencing the level of lenticel damage and
not leaf nutrition (N, Ca, Mg and B levels) or
the irrigation regime, since increased lenticel
damage occurred in fruit sampled from most
orchards (all except 2 orchards: No. 1, PF1
2019; No. 2, PI M3 2021, optimum N, Mg and
Ca nutrition and irrigation by sprinklers and
acceptable period of drying prior to harvest).

e Sampling point b vs. c (Table 5)

- Fruit sampled after being picked by the farm
harvesting team and placed in lug boxes or bins
(farm-picked = b), exhibited significantly lower
lenticel damage compared to fruit picked on
the farm and sampled upon arrival at the pack-
house, including transport to the packhouse
(packhouse arrival = c), for 8 (= 80%) of the 10
orchards / producers (No. 3, PI S1B 2020; No.
4,PI S1B 2021; No. 5, PH2 2019; No. 6, PI S3A
2021; No. 7, PI M5 2021; No. 8, PI S3A 2020;
No. 9, PI S1B; No. 10, PH2).

- The findings implicated:

" That exposing avocados to accumulative han-
dling practices from picking by the farm labour
force, including travel to the packhouse, re-
sulted in higher lenticel damage than avoca-
dos subjected to only handling from picking
and packing by farm labour.

®" Handling seemed to be the dominant factor
influencing the level of lenticel damage and
not nutrition (leaf N, Ca, Mg and B levels) or
the irrigation regime, since increased lenti-
cel damage occurred in fruit sampled from
most orchards (all except 2 orchards).

e Sampling point c vs. d (Table 6)

- Fruit picked on the farm and sampled upon ar-
rival at the packhouse (packhouse arrival = c),
exhibited significantly lower lenticel damage
compared to fruit picked on the farm and packed
after being placed on the pack-line (packed on
pack-line = d), for 3 (= 30%) of the 10 orchards
/ producers (No. 8, PI S3A 2020; No. 9, PI SB1
2021; No. 10, PH2 2019).
® In contrast to other comparisons, handling

seemed not to be the dominant factor influ-
encing the level of lenticel damage, but rather
nutrition and non-compliance to the soil mois-
ture protocol, since these three orchards did
not adhere to the soil moisture protocol (No.
8, PI S3A 2020; No. 9, PI SB1 2021; No. 10,
PH2 2019). Two of these orchards had high
leaf N and optimum soil N and Mg, but low B
and Ca.
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Analyses of data after the primary analyses
To emphasise differences in lenticel damage more
clearly between picking and handling practices on a
producer level, orchards were sorted according to the
average level of lenticel damage (from low to high)
obtained by the first two-way ANOVA assessment,
with pre-harvest and at harvest practices listed as
possible reasons for differences in lenticel damage.
Consequently it was evident that lenticel damage
was associated with specific orchards and practices
followed and could be divided into two main groups:
e Group A: picking according to the criteria of “dry
soil moisture conditions”,
e Group B: picking according to “wet soil moisture
conditions or other factors influencing superficial
damage to the fruit skin” (Table 3).

After the first analyses, data were subjected to the

following analyses:

(i) Two-way ANOVA of 9 orchards, for comparison
between the sampling points “a = box-picked”
and “b = farm-picked” (Table 4)

(i) Two-way ANOVA of 9 orchards, for comparison be-
tween the sampling points “a = box-picked” and
“c = packed upon arrival at packhouse” (Table 4)

(iii) Two-way ANOVA of 9 orchards, for comparison
between the sampling points “a = box-picked”
and “d = packed on the pack-line” (Table 5)

(iv) Two-way ANOVA of 9 orchards, for comparison be-
tween the sampling points “b = farm-picked” and
“c = packed upon arrival at packhouse” (Table 5)

(v) Two-way ANOVA of 9 orchards, for comparison
between the sampling points “b = farm-picked”
and “d = packed on the pack-line” (Table 6)

(vi) Two-way ANOVA of 9 orchards, for comparison
between the sampling points “c = packed upon
arrival at the packhouse” and “d = packed on the
pack-line” (Table 6).

DISCUSSION

Two-way ANOVA for the 9 orchards indicated a sig-

nificant interaction for each of the six comparisons

between different sampling points (two-at-a-time, as
shown in the layout for statistical analyses above).

e “a = box-picked” vs. “b = farm-picked” (Table 4)

e “a = box-picked” vs. “c = farm-picked and travel
to the packhouse” (Table 4)

e “a = box-picked” vs. “d = farm-picked, travel to
the packhouse and subjected to the pack-line” (Ta-
ble 5)

e “b = box-picked” vs. “c = farm-picked and travel
to the packhouse” (Table 5)

e “b = box-picked” vs. “d = farm-picked, travel to
the packhouse and subjected to the pack-line” (Ta-
ble 6)

e “c = farm-picked and travel to the packhouse” vs.
“d = farm-picked, travel to the packhouse and
subjected to the pack-line” (Table 6).

A common result occurred across the 10 orchards
for comparing handling practices to another (6 com-
parisons)




Higher lenticel damage occurred on avocados with
the addition of handling practices to the previous
(i.e., lenticel damage on farm-picked fruit > len-
ticel damage on box-picked fruit; lenticel dam-
age on farm-picked fruit transported to the pack-
house > lenticel damage compared to farm-picked
fruit packed directly into boxes; farm-picked fruit
transported to the packhouse and placed on the
pack-line > lenticel damage on farm-picked fruit
transported to the packhouse.

The occurrence of higher lenticel damage levels
was most prominent for comparing packed avoca-
dos with more handling to those with less or mini-
mal handling. Farm-picked fruit transported to the
packhouse and placed on the pack-line (sample
point d) exhibited higher lenticel damage than fruit
subjected to minimal handling (a = box-picked) for
9 (= 90%) of the 10 orchards (Table 5). If practice
c = farm-picked and transported to the packhouse
is compared to practice a (c comprising one less

step than d), then higher lenticel damage occurred
for 8 (= 80%) of the 10 orchards (Table 4), while
if practice b = farm-picked is compared to practice
a (b comprising two less handling steps than d, or
one step more than a), then higher lenticel damage
occurred for only 4 (= 40%) of the 10 orchards
(Table 4).

The findings implicated:
e The more practices involved in harvesting and

packing of avocado (e.g., d vs. a, 4 vs 1 practices
respectively), the higher the likelihood for the oc-
currence of lenticel damage on fruit of a greater
number / percentage of orchards, with nutrition not
influencing the levels of lenticel damage to a ma-
jor extent. In contrast, with less differences in the
number of practices (e.g., d vs. c and b vs. a, 2x
vs. 1x practice for both comparisons), the lower the
likelihood that the occurrence of lenticel damage on
fruit is related to a high number of orchards, with

Table 6: Incidence of lenticel damage on fruits of 10 ‘Hass’ orchards, sampled at 2 points; (b) in the orchard from bins
after farm-picked, and (d) from the pack-line, as well as c) upon arrival at the packhouse, and (d) from the pack-line,
presenting Two-way ANOVA results

Factor A (Orchard) x Factor B
(Sampling points)

QUALITY PARAMETER - LENTICEL DAMAGE

Factor B
(Sampling points)

QUALITY PARAMET

Group Orchard (a) After (d) From Factor A (Orchard) (a) After farm-| (b) From
farm-pick pack- pick pack-line
line
1. PF 12019 30.0a 30.0a |1. PF12019 30.0 54.5 68.2
2. PIM3 2021 34.5ab 39.5bc  |2. PIM3 2021 37.0
3. PIS1B 2020 40.0c 47.5d |3. PIS1B 2020 | 43.8
Grz“p 4. PIS1B 2021 50.0d 62.0e |4 PIS1B 2021 | 56.0
5. PH 22019 51.3d 67.5f |5. PH 22019 59.4
6. PI S3A 2021 52.2d 67.9f |6. PIS3A2021 | 60.1
7. PI M5 2021 58.8¢ 75.09 |7. PI M5 2021 66.9
8. PI S3A 2020 63.8ef 92.5i |8. PIS3A2020 | 78.1
Grg“p 9. PIS1B 2021 79.0g 100.0j |9. PIS1B2021 | 89.5
10. PH 2 2019 85.0h 100.0j |10. PH 2 2019 92.5
P<0.0000 P<0.0000 P<0.0000

R — LENTICEL DAMAGE

Factor A (Orchard) x Factor B Factor B
(Sampling points) (Sampling points)
Group Orchard (c) Upon (d) From Factor A (Orchard) (c) Upon (d) From
arrival at pack- arrival at pack-
packhouse line packhouse line
1. PF12019 32.5a 30.0a |1. PF12019 31.3 63.3 68.2
2. PI M3 2021 38.4b 39.5b 2. PI M3 2021 39.0
3. PIS1B 2020 45.0c 47.5¢c 3. PI S1B 2020 46.3
GrZ“p 4. PIS1B 2021 58.0d 62.0de |4. PIS1B2021 | 60.0
5. PH 22019 65.0ef 67.5f 5. PH 2 2019 66.3
6. PI S3A 2021 65.0ef 67.9f 6. PI S3A 2021 66.5
7. PI M5 2021 70.0fg 75.0g 7 PI M5 2021 72.5
8. PI S3A 2020 85.0hi 92.5j 8. PI S3A 2020 88.8
Grg“p 9. PIS1B 2021 84.0h 100.0k [9. PIS1B2021 | 92.0
10. PH 2 2019 90.0ij 100.0k 10. PH 2 2019 95.0
P<0.0001 P<0.0000 P<0.0000

* Letters that are dissimilar are significantly different based on the Fisher LSD (a = 0.05)
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nutrition more dominant in influencing the level of
lenticel damage. This scenario was applicable for
only three orchards (No. 7, 1 MP5; No. 8, PI S3A
2020; No. 9, PI SB1 2021) which showed high leaf
N levels and low leaf B.

¢ Handling seemed to be the dominant factor influ-
encing the level of lenticel damage and not nutri-
tion (leaf N, Ca, Mg and B levels) or the irrigation
regime, since increased lenticel damage occurred
in fruit sampled from most orchards (all except
three orchards: No. 1, F 2019 optimum leaf N,
Mg, Ca and boron and irrigation by sprinklers and
period of drying prior to harvest, and No. 2, IMP3
optimum leaf N, Mg and Ca and irrigation by sprin-
klers and period of drying prior to harvest, and No.
3, I S1B20 optimum leaf N, Mg, Ca and boron and
irrigation by sprinklers and period of drying prior
to harvest). Differences between these 3 orchards
can be attributed to wind damage, optimum ir-
rigation and fruit skin B nutrition (see Table 7 and
relevant discussion).

A common result occurred for comparing each of the
9 orchards for the individual handling practices (a,
b, cand d)

e Higher lenticel damage occurred on avocado for
each of the four handling practices (a, b, ¢ and
d) for four orchards (No. 7, PI M5 2021; No. 8, PI
S3A 2020; No. 9, PI SB1 2021; No. 10, PH2 2019)
compared to lower levels of lenticel damage on
the remaining five orchards (No. 2, PI M3 2021;
No. 3, PI S1B 2020; No. 4, PI S1B 2021; No. 5,
PH2 2019; No. 6, PI S3A 2021).

e Furthermore, lenticel damage was lower on fruits
of orchards for three orchards (No. 1, PF1 2019;
No. 2, PI M3 2021; No. 3, PI S1B 2020) compared
to four others (No. 4, PI S1B 2021; No. 5, PH2
2019; No. 6, PI S3A 2021; No. 7, PI M5 2021) for
sampling points / handling practices a, b, c and d.

The findings implicated:

e When comparing individual orchards for a specific
handling practice, whether comprising minimal
handling (a) or extensive handling (d), the higher
the likelihood for the occurrence of lenticel dam-
age on fruits from nutrition sub-optimal orchards.
Higher lenticel damage occurred on avocado for
each of the four handling practices (a, b, c and
d) for three orchards (No. 6, IS 3A 2020; No. 7,
PI M5 2021; No. 8, PI S3A) which had high leaf N
and low leaf B, compared to lower levels of lenti-
cel damage on the three other orchards (No. 1, F
2019; No. 2, IS1B 2020; No. 5, H2A 2019) which
had optimal leaf N, Ca, Mg and B.

e In contrast, the smaller the differences in the
number of practices (e.g., d vs. c and b vs. a, 2
vs. 1 practices for both comparisons), the lower
the likelihood that lenticel damage on fruit is pre-
sent in a high number of orchards, as nutrition
was more dominant in influencing the level of len-
ticel damage. This scenario was applicable for four
orchards (No. 6, PI S3A 2021; No. 7, PI M5 2021;

No. 8, PI S3A 2020; No. 9, PI SB1 2021), all of
which had high N levels and low B.

e Exposing avocados to accumulative handling prac-
tices, from picking by the farm labour force, trans-
port to the packhouse and placing the fruit on the
pack-line, resulted in higher lenticel damage than
avocados subjected to only handling from picking
and packing by farm labour.

¢ Handling seemed to be the dominant factor influ-
encing the level of lenticel damage and not nutri-
tion (leaf N, Ca, Mg and B levels), since increased
lenticel damage occurred in fruits sampled from
most orchards (all except three orchards: No. 1,
PF1 2019; No. 2, PM3; No. 3, PI S1B) which had
optimum leaf N, Ca, Mg and B and a period of
drying prior to harvest, although No. 2, PM3 had
optimum leaf N, Ca, Mg but lower B.

Leaf, fruit skin and fruit pulp nutrient content in
relation to lenticel damage (Table 7)

It is known that calcium provides improved cell wall
integrity and hence reduces lenticel damage (Polevoiy,
1989). Furthermore chelated calcium, magnesium
and boron are needed for cell wall development and
fruit set and boron encourages the uptake and move-
ment of cation nutrients such as Mg and Ca within the
plant (Plich & Wojcik, 2008). Taking this into consid-
eration, leaf nutrient content (sampled in May each
year), as well as fruit pulp and skin samples (taken at
harvest from fruit sampled at each orchard for Ca, Mg
and B nutrient content), were used as parameters of
potential differences in sensitivity to develop lenticel
damage. Orchards were identified according to their
difference in N content, as the 2019 results indicated
that high N orchards were more sensitive than opti-
mum N orchards to developing lenticel damage.

To enable the interpretation of leaf, fruit pulp
and fruit skin nutrient results, knowledge of nutri-
ent absorption by the roots and translocation thereof
is needed. To increase Ca concentration in fruit by
increasing soil applications has often yielded incon-
sistent results, primarily due to the relatively immo-
bility of Ca in the soil and plant and its dependence
on water for distribution into plant tissue with tran-
spiration (Lahav and Whiley, 2002). Transpiration is
the main driving force for the xylem stream (White
and Broadley, 2003) in which Ca seems to move
relatively freely, while this ion is also well-known to
be substantially immobile in phloem (Buckowak and
Wittwer, 1957). Along with the observation that fruit
are largely phloem fed, calcium’s well-known xylem
mobility and phloem immobility explains in part why
fruit are generally low-Ca organs and also why higher
fruit transpiration rates are occasionally associated
with increased fruit Ca levels (Cline and Hanson,
1992; Montanaro et al., 2006; 2010; Tromp and Van
Vuure, 1993). Because Ca moves passively, it tends
to concentrate in those tissues that lose more wa-
ter. Therefore, leaves tend to accumulate more Ca
at the expense of developing fruit. The latter author
indicated that Ca absorption and regulation in fruit
require a holistic approach which should consider
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a) Optimum N orchard PF1: Dry soil 2019 b) Optimum N orchard: Dry soil PI M3 2021

c) Optimum N orchard PI S1B: Dry soil 2020 d) High N orchard PI M5: Dry soil 2021

f) High N orchard PI S1B: Wet soil 2021

. ) Figure 2: Visual appearance class 1 export quality fruits
g) High N orchard PI S3A: Wet soil 2020 (25 days cold storage) from different producers that
were procured from the pack-line.

e Optimum N orchards, dry soil:
a) PF1 (2019) b) S1B (2020) c) PI M3 (2021)
e High N orchard, dry soil:
d) PI M5 (2021)
e PH High nitrogen orchard, dry soil:
e) H2 (2019)
e PI High N orchards, wet soil:
f) S1B g) S3A
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rootstock, soil type, water availability to the roots,
and the potential for excess vegetative vigour (which
can be promoted by N fertilization) to compete with
Ca accumulation in the fruit.

Calcium reached a maximum concentration within
fruit 7 weeks after fruit set, declining rapidly until
16 weeks after fruit set, remaining fairly stable until
picking (Bower, 1985). Avocado fruit only have sto-
mata during the first 7 weeks of fruit development
whereafter these become lenticels, which limits op-
timum xylem transport of Ca and B because of the
reduced transpiration stream. Bower (1985) stated
that concentration differences due to irrigation re-
gimes were only evident between 7 and 16 weeks
after fruit set. Irrigation at a soil moisture tension
of 55 kPa resulted in the highest calcium concentra-
tion, while very frequent (replenishment at 35 kPa
soil moisture tension) and occasional (replenishment
at 80 kPa) irrigation had lower calcium concentra-
tions, particularly the latter which showed the most
rapid decline (Bower, 1985). It was indicated that
any influence of calcium concentration on fruit quali-
ty seems to occur early in fruit development, and it is
suggested that optimal irrigation be practiced at this
time to ensure maximum Ca absorption into fruit.

Plants take up boron via the roots, predominantly
in the form of boric acid. It is a small, soluble, un-
dissociated and uncharged molecule, which easily
migrates across the lipid bilayers. Boron is the only
element which is not taken up from the soil as an ion.
Boron is transported by passive diffusion and without
protein catalysis and energy consumption. Because
of the cell’'s high permeability to boron, character-
istic patterns of flux along the xylem transpiration
stream, and accumulation in the tips of the leaves,

passive diffusion was long considered as the only
mechanism of transport (Nable, 1988; Raven, 1980).
Phloem mobility of B was demonstrated in avocado
fruit, proving the translocation from mature leaves
into inflorescences, new leaves and developing fruit
(Minchin et al., 2012), concluding that B is phloem
mobile in avocados and that translocation of B will
depend upon the amount of Perseitol (a C7 sugar) in
the phloem sap.

Discussion

The results of leaf and fruit pulp and N, Ca, Mg and B

nutrient content of the current trial indicated several

observations that could possibly relate to differences

in lenticel damage (Tables 7 and 8):

e Orchard No. 1, PF1 2019, with optimum leaf N
(2.3%), optimum Ca (1.2%), optimum Mg (0.5%)
and optimum B (50 mg/kg), harvested in adher-
ence with soil moisture protocol, exhibited the
lowest lenticel damage (30%).

- This orchard exhibited the highest fruit skin Ca
content (0.18%). The producer irrigated the or-
chard optimally on a weekly basis, from flower-
ing until 5 weeks prior to harvest. The volume
of water was halved, so as not to stress the
plants after no irrigation was applied during the
following 5 weeks.

- The lower fruit Ca content values compared to
the high leaf Ca content value confirms litera-
ture that Ca is only transported to the fruit via
xylem with the transpiration stream as the driv-
ing force.

- It is known that calcium provides improved cell
wall integrity (Polevoiy, 1989) and protection
against lenticel damage.

Table 7: Leaf, fruit pulp and fruit skin nutrient values, including nitrogen (N), calcium (Ca), magnesium (Mg) and boron

(B) of 10 orchards

LEAF (May 2021) as well as fruit PULP and fruit SKIN nutrient content at harvest

N (%) Ca (%) Mg (%) B (mg/kg)
0
/(f Leaf | Pulp Skin | Leaf | Pulp Skin | Leaf | Pulp Skin | Leaf | Pulp Skin
Lenticel
Orchard 53 0.4 50
damage| (2.2~ (1-2) (0.4- (50-
2.3) 0.8) 80)
1. PF1'19 30 |23 045 076|1.2 0.1 0.18| 0.5 014 0.18| 50 824 107.6
© |2. PIMP3'21| 39.5 [ 22 056 078 1 0.9 0.16| 0.6  0.12 0.17 . 65.5 85.0
3
5% |3.PIS1B'20 | 47.5 |25 0.5 07 | 1.1 012 0.7 (055 56
§'E 4. PIS1B'21 | 62 [2.85 09 1.2 |11 0.2 0.16 |[0.57
23
©Q |5.PH2'19 | 67.5 [2.68 0.94 0.95|1.21 0.09 0.16 [0.60 0.12 0.16 116.4
>
G |6. PIS3A'21 | 67.9 | 2.7 0.9 0.95| 1.0 0.12 0.16 [0.57
7. PIMP5'21| 75 | 2.6 0.7 0.98 0.45 . 46.0 42.0
& g ©|8 PIS3A'20 | 92.5 |2.55 0.89 1.21| 1.0 0.16 [0.55 0.13
o &3
3 g 2|9 PIS1B'21| 100 |2.85 09 12 |11 012 016|0.57 0.1 :
<
G 2 E 10 pH2'19 | 100 [2.68 0.94 0.95|1.21 009 0.16| 0.6 0.12 0.16| 54 99.0 116.4
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- The fruit pulp and skin B values were much
higher (82.4 and 107 mg/kg respectively) com-
pared to the leaf optimum boron value (50 mg/
kg). This confirms that B is also translocated
via leaves through the phloem to the develop-
ing fruit.

- As the skin B content increased to its maxi-
mum, compared to the other orchards (114%
increase; Table 8), there was clearly no limit-
ing factor that minimised phloem transport of
B from the leaves to the fruit. To achieve this,
optimum irrigation applied by this producer
was in place to make sure photosynthetic out-
put remained optimum throughout the season
until 5 weeks before harvest when the avail-
ability of water became an issue. Five weeks
prior to harvest, optimum cell wall integrity was
already achieved.

- This orchard also obtained the highest fruit skin
Mg value of 0.18%.

- As Mg, Ca and B are related to cell wall integ-
rity, it can be assumed that high values of these
three nutrients in the fruit skins of this orchard
contributed towards resistance in developing
lenticel damage.

- Furthermore, this orchard was surrounded by
rows of big gum trees on 2 sides that provided
an effective wind barrier.

Orchard No. 2, PI M3, had optimum leaf N (2.2%),
optimum Ca (1.1%), optimum Mg (0.6%) but low
B (35 mg/kg).

- With a low leaf B value of 35 mg/kg, this or-
chard surprisingly showed the expected trend
of increased B for fruit pulp and skin (65.5 mg/
kg and 85 mg/kg), compared to low leaf value.
This resulted in a 142.9% increase in skin B
content (Table 8).

- Furthermore, the skin Mg content of 0.17% is
very close to the 0.18% of PF1, while the skin
Ca content of 0.16% is also close to 0.18 of
PF1. Literature also indicates that Mg is translo-
cated via phloem to the fruit and roots.

- This proves that optimum irrigation enables op-
timum skin wall integrity and thereby ensures
reduced lenticel damage.

- The overall low leaf B content in 2021 for most
avocado orchards was due to heavy rains dur-
ing the season, resulting in leaching of B. Sub-
sequently, soils needs to be replenished more
frequently to ensure optimum absorption of B.
However, phloem transport of B to the fruits
comes from the tips of older leaves and appar-
ently there was still enough available from old-
er leaves to translocate to the fruit skin. Cur-
rently the fifth leaf of new shoot growth during
May, just prior to when harvest starts, does not
give a true reflection of the nutrient status of
older leaves on the tree.

- Intermediate wind damage was an additional
factor that increased lenticel damage of fruit,
with a contribution of 39.5%, compared to the

significantly lower value of 30% for orchard
No. 1, PF1.

e Orchard No. 3, PI S1B 2020, with optimum leaf

N (2.25%), optimum Ca (1.1%), optimum Mg

(0.55%) and optimum B (56 mg/kg), was similar

to orchard No. 1, PF1 2019, however, this orchard

exhibited a significantly higher level of lenticel
damage (47.5%) compared to orchard No. 1, PF1

2019. Attributing factors that could have increased

the sensitivity towards lenticel damage include:

- An intermediate incidence of wind damage that
masked the positive protective effect of high
skin Ca and skin B on lenticel damage.

- In contrast to the nutritionally optimum orchard
No. 1, PF1 2019, fruit pulp and skin B values (67
and 62 mg/kg respectively) did not increase to
the same extent compared to the optimum leaf
B value (56 mg/kg). In this orchard, the skin
B value increased by only 10.7%, compared
to the £ 114% increase of orchard No. 1, PF1
2019 (Table 8).

- This indicates that B was not effectively trans-
located via leaves through the phloem to the
developing fruit, and a stress factor resulted in
reduced photosynthetic output, which limited
the amount of Perseitol 9 (a C7 sugar) required
for phloem translocation of B from the leaves
to the fruit.

- Phloem translocation was not as effective as
for orchard No. 1, PF1 2019, which possibly
resulted in reduced cell wall integrity, possibly
contributing as an additional factor in explain-
ing the occurrence of higher lenticel damage.
Although the reason is unknown, the amount of
Perseitol that carries B was less in this orchard.

- This orchard had high fruit skin Ca content
(0,17%) that was comparable to orchard PF1
2019. This indicates that the transpiration
stream was sustained with optimum irrigation
during the first 6-7 weeks of fruit development.

In a high nitrogen orchard, No. 5, PH2 2019, with

optimum leaf Ca and B content (1.2% and 54 mg/

kg respectively) similar to the optimum N orchard

No. 1, PF1 2019, the fruit pulp and skin B (99 and

116.4 mg/kg respectively) were equivalent to a

115.6% increase (Table 8), which is very similar

to the optimum nitrogen orchard No. 1, PF1 2019.

- Itis known that high nitrogen inhibits the absorp-
tion of Ca and B in soils, therefore higher dosages
or more soil applications of B and Ca that needed
to be applied were done in this orchard.

- However, high N orchards need increased Ca con-
tent to keep the N : Ca ratio comparable, as high
nitrogen orchards are more sensitive towards
lenticel damage. High nitrogen is related to in-
creased cell division and growth. Fruits of high
N orchards usually have bigger cells with thinner
cell walls, therefore hypothetically more skin Ca
is needed to ensure maximum cell wall integrity
and reduce sensitivity towards lenticel damage.

- During the 3 years of the project, only five
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orchards showed this trend of increased skin
boron compared to the leaf B. The need exists
to verify why photosynthetic outputs are inhib-
ited in most orchards.

Optimum irrigation was applied by producer H
(orchard No. 5, PH2) on a weekly basis through-
out the season. Two groups of ‘Hass’ are irrigat-
ed either on Thursdays or Fridays. Water stress
was never a factor. During water stress, the soil
moisture is dried out further than the +5 mm
when the producer usually irrigates. Stomatal
closure when soils are too dry inhibits photo-
synthetic output in the long run, as optimum
gas exchange is needed through open stomata
to ensure optimum photosynthetic output. Fur-
thermore, the stress conditions exposed to on
regular basis divert Perseitol (needed as a B
carrier through phloem transport) towards oth-
er photosynthetic outputs to handle the stress.
When the same orchard was picked at a soil
moisture of -5 mm, lenticel damage increased
by 100%, indicating that wet soil moisture
masks the positive effect of higher fruit skin
Ca, B and Mg, that ensure high skin wall in-
tegrity. This shows the utmost importance
to adherence to the soil moisture protocol to

minimise lenticel damage.

Potentially this orchard could have obtained
less lenticel damage than orchard No. 4, PI S1B
2021, that only showed a skin boron increase of
34.9%. However, fruit from orchard No. 5, PH2
2019 also had to contend with more transport vi-
brations, resulting in increased lenticel damage
as the distance to the packhouse is 80 km com-
pared to the 7 km of orchard No. 4, PI S1B.

e In a high nitrogen orchard, No. 7, PI M5 that was
chosen for optimum irrigation applied, significantly
higher lenticel damage was obtained at sampling
point d when compared to the other high nitrogen
orchard that also adhered to the soil moisture pro-
tocol.

This orchard showed a 110% increase in skin
B content compared to the leaf B content (val-
ues of 42 mg/kg and 20 mg/kg respectively).
Although photosynthetic output was optimum
as a result of optimum irrigation applied, a de-
ficiency of B was present and there was not
enough B available to translocate with Perseitol
as a carrier from older leaves to the fruit skin.

Furthermore there was a deficiency of Ca present
with a leaf B content value of 0.5%, showing the

Table 8: All the factors that either reduced or increased lenticel damage that could be derived from leaf, skin and pulp
nutrient values, factors of pre-harvest practices followed prior to, during and at picking, relating to the level of lenticel
damage recorded after storage of pack-line fruit are included

FACTORS THAT REDUCED OR INCREASED LENTICEL DAMAGE : From orchards from 2019 - 2021

GROUP A: DRY SOIL MOISTURE GROUP B: WET SOIL

MOISTURE
Optimum Leaf Nitrogen High Leaf Nitrogen
B 1. 2. 3. 4. 5. 6. 7. 8. 9. 10.
PF 1'19 |PI M3'21 |PI S1B 20 [ |PI S1B 21 |PH 2'19 |PI S3A 21 |PI M5 ‘21 |PI S3A'20 |PI S1B ‘21 |PH 2'19
. .
‘ollenticel) 39.5 47.5 75 92 100 100
damage
% Increase| 0.0 31.7 58.3 106.7 | 125.0 | 125.0 | 150.0 A 206.7 | 233.3 | 233.3
(')p.tlmgm Yes Yes No No Yes No Yes No No Yes
irrigation
Leaf N (%)| 2.3 2.2 2.25 2.9 2.7 2.7 2.7 2.7 2.9 2.7
Lesile ("llg; 50 35 56 43 54 38 20 46 43 54
Sldln B("llg; 107.5 85 62 58 116.4 40 42 60 58 116.4
E—
SkinB: %) 444 | 142,90 | 10.7 115.6 | 5.2 110 115.6
INnCrease
Leaf Ca (%)| 1.2 1 1.1 1.1 1.21 1 1 1.1 1.21
Fruit Sk"}% 0.18 | 0.16 0.17 0.16 | 0.16 | 0.16 0.16 0.16 | 0.16
LeafiMgl , - 0.6 0.55 0.57 0.6 0.57 0.45 0.55 0.57 0.6
(mg/kg)
Frutskin Mg ¢ 18 | .17 0.13 0.12 0.16 0.13 0.11 0.13 0.12 0.16
(mg/kg)
R 30 5 6 6 80 6 5 6 6 80
packhouse
Wind med/ : ; med/
damage none low high med none med high high high
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importance of optimum fruit skin Ca, B and Mg
in ensuring maximum skin cell wall integrity. A
deficiency in two of these nutrients (Ca and B)
resulted in poor cell wall integrity that could not
protect the fruit against lenticel damage.

Incidence of lenticel damage in relation to an-
thracnose decay (Table 9)

No interaction occurred between Factor A (orchard)
and Factor B (handling stage) for anthracnose
development. Significant differences were indicated
between orchards.

The sampling point of fruit related to additional
handling when sourcing from the pack-line, com-
pared to minimal handling when sourcing in the
orchard, did not influence anthracnose.

The incidence of anthracnose is highly dependent
on the inherent inoculum load in the orchard and
the application of timeous fungicide sprays, as indi-
cated by significant differences between orchards.

Incidence of lenticel damage in relation to
stem-end rot (Table 9)

No interaction occurred between Factor A (or-
chard) and Factor B (handling stage) for stem-end

rot development. Significant differences were indi-
cated between orchards.

Sampling point of fruits, related to additional han-
dling when sourced from the pack-line, compared
to minimal handling when sourced in the orchard,
did not influence stem-end rot.

Incidence of bruising (Table 10)
e A significant interaction occurred between Factor A

(orchard) and Factor B (handling stage) for bruis-

ing. As expected, there was no bruising present in

box-picked fruit.

Generally, bruising is a function of how careful

picking is done.

Sampling point of fruits, related to additional han-

dling when sourced from the pack-line, compared

to minimal handling when sourced in the orchard,

was generally comparable with no major increase

in bruising levels, indicating that most pickers

picked in a careful manner.

Bruising differed between orchards for fruit sam-

pled from the pack-line.

- Theincidence of bruising was significantly higher
for fruit from three orchards (No. 5, PH2 2019;
No. 7, PI M5; No. 10, PH2 2019) compared to

Table 9: Incidence of anthracnose and stem-end rot of ‘Hass’ avocado fruits of 10 orchards for the difference between
box-picked at harvest and fruit sampled from the pack-line in 2019, 2020 and 2021

QUALITY PARAMETER - ANTHRACNOSE

Factor A (Orchard) x Factor B
(Sampling points)

Factor A (Orchard)

Factor A (Orchard) x Factor B Factor B
(Sampling points) Factor A (Orchard) (Handling)
Orchard Box-picked Pack-line Box-picked Pack-line
1. PF 12019 5 5.0 1. PF 12019 5bc 3.3 4.3
2. PIM3 2021 3.8 3.8 2. PI M3 2021 3.8ab
3. PI S1B 2020 1.3 1.3 3. PIS1B 2020 1.3a
4. PI S1B 2021 1.3 1.3 4. PIS1B 2021 1.3a
5. PH 22019 5.0 3.8 5. PH 22019 4.4b
6. PI S3A 2021 1.3 1.3 6. PI S3A 2021 1.3a
7. PI M5 2021 5 10 7. PIM5 2021 7.5¢
8. PI S3A 2020 1.3 1.3 8. PI S3A 2020 1.3a
9. PIS1B 2021 3.8 5.0 9. PIS1B 2021 4.4b
10. PH 2 2019 5 10.0 10. PH 2 2019 7.5¢
P<0.3765 P<0.0000 P<0.1345

QUALITY PARAMETER - STEM-END ROT

Factor B
(Sampling points)

Orchard Box-picked Pack-line Box-picked Pack-line
1. PF 12019 0.0 5.0 1. PF 12019 2.5abc 2.6 3.2
2. PI M3 2021 0.0 0.0 2. PI M3 2021 0.0a
3. PIS1B 2020 0.0 0.0 3. PIS1B 2020 0.0a
4. PIS1B 2021 0.0 6.3 4. PIS1B 2021 3.1bc
5. PH 22019 3.8 5.0 5. PH 22019 4.4bcd
6. PIS3A 2021 3.8 0.0 6. PI S3A 2021 1.9ab
7. PI M5 2021 6.3 6.3 7. PI M5 2021 6.3d
8. PI S3A 2020 0.0 0.0 8. PI S3A 2020 0.0a
9. PIS1B 2021 5.0 5.0 9. PIS1B 2021 5a
10. PH 2 2019 6.3 6.3 10. PH 2 2019 6.3d

P<0.1304 P<0.0000 P<0.3154

* Letters that are similar do not differ significantly, according to Fisher LSD (a = 0)
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most other orchards. This indicates that there
is room for improvement with these picking
teams, as rough handling that leads to bruising
of the fruit pulp will definitively also contribute
to lenticel damage.

Number of days for fruit to ripen (Table 10)

e No interaction occurred between Factor A (or-
chard) and Factor B (handling stage) for days for
fruit to ripen. Significant differences were indicat-
ed between orchards.

e Fruit from four optimum N orchards (No. 5, PH2

2019; No. 8, PI S3A; No. 7, PI M5; No. 10, PH2)

ripened significantly faster compared to the other

orchards, which can be related to fruit maturity

(late season fruit that usually ripens faster).

Fruit which had more lenticel damage seemed to

change colour faster during ripening, but there

was no correlation with number of days to ripen.

Incidence of grey pulp (Table 11)
e No grey pulp was recorded on avocados from any
orchard.

Incidence of vascular browning (Table 11)
e A significant interaction occurred between Factor

A (orchard) and Factor B (handling stage) for vas-
cular browning.

e Vascular browning was significantly higher for fruit
of two orchards (No. 6, PI S3A 2021; No. 7, PI
M5 2021) box-picked and pack-line handled, com-
pared to most other orchards.

TRIAL 2: Ca, B and Si foliar sprays (Table 12)

Lenticel damage: Two-way ANOVA of foliar applica-

tion and jostlin
Two-way analyses of variance (ANOVA) was ap-

plied by analysing the data in Statistica (statistical

software) using the LSD test (a = 0.05) to compare

treatment means, for Factor A (jostling) and Factor B

(foliar application). A significant interaction occurred

between Factor A (jostling of fruit) and Factor B (fo-

liar application).

e Jostling of avocados resulted in significantly higher
levels of lenticel damage for the UTC [T1] and fo-
liar applications of Ca + B followed by Si applica-
tions a day before and after, with the addition of
PANAF 5 [T4] in both the AECI and Levity Crop
Science product combinations.

e The non-jostled treatments exhibited a similar re-
sult for the AECI product, with significantly lower
lenticel damage for the PANAF 5 adjuvant [T4]

Table 10: Incidence of bruising and number of days for fruit to ripen (DTR) of ‘Hass’ avocado fruits of 9 orchards for the
difference between box-picked at harvest and fruit sampled from the pack-line in 2019, 2020 and 2021

QUALITY PARAMETER - BRUISING

Factor A (Orchard) x Factor B Factor B
(Sampling points) Factor A (Orchard) (Handling)
Orchard Box-picked Pack-line Box-picked Pack-line
1. PF12019 0.0a 0.0a 1. PF12019 0.0 0.0 1.5
2. PIM3 2021 0.0a 0.0a 2. PIM3 2021 0.0
3. PIS1B 2020 0.0a 0.0a 3. PIS1B 2020 0.0
4. PIS1B 2021 0.0a 0.0 4. PIS1B 2021 0.0
5. PH 22019 0.0a 5.0b 5. PH 22019 2.5
6. PI S3A 2021 0.0a 0.0a 6. PI S3A 2021 0.0
7. PI M5 2021 0.0a 3.8b 7. PI M5 2021 1.9
8. PI S3A 2020 0.0a 0.0a 8. PI S3A 2020 0.0
9. PIS1B 2021 0.0a 0.0 9. PIS1B 2021 0.0
10. PH 2 2019 0.0a 6.3b 10. PH 2 2019 3.1
P<0.0003 P<0.0003 P<0.0003
QUALITY PARAMETER - No OF DAYS TO RIPEN (DTR)
Factor A (Orchard) x Factor B Factor B
(Handling) Factor A (Orchard) (Handling)
Orchard Box-picked Pack-line Box-picked Packhouse
1. PF 12019 5.4 5.3 1. PF 12019 5.3c 5.3 5.4
2. PIM3 2021 5.3 5.4 2. PI M3 2021 5.4c
3. PIS1B 2020 6.1 6.1 3. PIS1B 2020 6.1e
4. PIS1B 2021 6.1 6.1 4. PIS1B 2021 6.1le
5. PH 22019 4.3 4.6 5. PH 22019 4.5a
6. PIS3A 2021 5.9 5.8 6. PIS3A 2021 5.8d
7. PI M5 2021 5.0 5.0 7. PI M5 2021 5.0b
8. PI S3A 2020 5.0 4.9 8. PI S3A 2020 4.9b
9. PIS1B 2021 5.9 5.8 9. PIS1B 2021 5.8d
10. PH 2 2019 4.6 4.7 10. PH 2 2019 4.6a
P<0.8708 P<0.0000 P<0.8512

* Letters that are similar do not differ significantly, according to Fisher LSD (a = 0.05)
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than the UTC [T1], however no differences oc-
curred for the Levity Crop Science product.

In the 2020 trial, the application of Ca + B + Si nu-
trient combination foliar spray treatment applied
2.5 months prior to sampling, resulted in £ 10%

- Lenticel damage can lead to anthracnose which
is dependent on the spore load present on the
fruit surface. The spores can more readily enter
fruits if damaged lenticels are present.

Fruit skin and pulp nutrient analysis (Table 13
AECI Plant Health products:
e The 3 combination sprays of Ca + B and Si a day

reduction in the total incidence of lenticel dam-
age compared to the untreated control (62.7%
and 72% respectively). It can be noted that the

2021 orchard had a very low fruit skin Ca value
of 0.06% (UTC), although the leaf Ca content was
1.1%, and the 2020 orchard had a skin Ca value
of 0.1% (leaf Ca content of 1%).

Incidence of lenticel damage in relation to anthrac-
nose decay (Table 12)

No interaction occurred between Factor A (orchard)
and Factor B (handling stage) for the incidence of
anthracnose. Significant differences were indicated
between orchards.

Jostling of avocados resulted in significantly higher

levels of anthracnose decay for both products.

- In the case of AEC1, the values of the jostled
fruit were 9.2% compared to the non-jostled
fruit of 4.2%, while jostled fruit treated with
Levity Crop Science exhibited 8.2%, compared
to 3.9% anthracnose in non-jostled fruit.

before and thereafter the three Ca + B combina-
tion sprays, exhibited higher SI content with the
three different adjuvants in the pulp [T2A], [T3A]
and [T4A] (2 426 mg/kg, 2 436 mg/kg, 2 507 mg/
kg) and in the fruit skin (3 290 mg/kg, 3 391 mg/
kg, 3 458 mg/kg) compared to 2 301 mg/kg and

3 201 mg/kg for the UTC [T1A] in pulp and skin,

respectively.

- Both WetCit and PANAF 5 expressed higher ab-
sorption of Si into the skin (6% and 8% respec-
tively) compared to 3% increase for Biodew in
relation to the UTC.

- Similar increases were expressed for Si in the
fruit skin for the different adjuvants compared
to the UTC.

The three combination sprays of Ca + B and Si a

day before and thereafter exhibited higher B con-

tent with the three different adjuvants in the pulp

Table 11: Incidence of grey pulp and vascular browning of *Hass’ avocado fruits of 9 orchards for the difference between
box-picked at harvest and fruit sampled from the pack-line

QUALITY PARAMETER - GREY PULP

Factor A (Orchard) x Factor B Factor B
(Sampling points) Factor A (Orchard) (Handling)
Orchard Box-picked Pack-line Box-picked Pack-line
1. PF12019 0.0 0.0 1. PF12019 0.0 0.0 0.0
2. PIM3 2021 0.0 0.0 2. PIM3 2021 0.0
3. PIS1B 2020 0.0 0.0 3. PIS1B 2020 0.0
4. PIS1B 2021 0.0 0.0 4. PIS1B 2021 0.0
5. PH 22019 0.0 0.0 5. PH 22019 0.0
6. PIS3A 2021 0.0 0.0 6. PI S3A 2021 0.0
7. PIMS5 2021 0.0 0.0 7. PI M5 2021 0.0
8. PI S3A 2020 0.0 0.0 8. PI S3A 2020 0.0
9. PIS1B 2021 0.0 0.0 9. PIS1B 2021 0.0
10. PH 2 2019 0.0 0.0 10. PH 2 2019 0.0

QUALITY PARAMETER - VASCULAR BROWNING

Factor A (Orchard) x Factor B Factor B
(Handling) Factor A (Orchard) (Handling)
Orchard Box-picked Pack-line Box-picked Packhouse

1. PF12019 0.0a 5.0c 1. PF12019 2.5 0.5 0.9

2. PIM32021 0.0a 1.3ba 2. PIM3 2021 0.7

3. PIS1B 2020 0.0a 0.0a 3. PIS1B 2020 0.0

4. PIS1B 2021 0.0a 0.0a 4. PIS1B 2021 0.0

5. PH 22019 1.3b 3.8bc 5. PH 22019 0.7

6. PI S3A 2021 0.0a 0.0a 6. PIS3A 2021 0.0

7. PIM5 2021 5.0c 6.40c 7. PIM5 2021 5.7

8. PI S3A 2020 0.0a 0.0a 8. PI S3A 2020 0.0

9. PIS1B 2021 0.0a 0.0a 9. PIS1B 2021 0.0

10. PH 2 2019 0.0 0.0a 10. PH 2 2019 0.0
P<0.0010 P<0.0000 P<0.196

* Letters that are similar do not differ significantly, according to Fisher LSD (a = 0.05)
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[T2A], [T3A] and [T4A] (48 mg/kg, 55 mg/kg, 56
mg/kg) and in fruit skin (67 mg/kg, 72 mg/kg, 73
mg/kg) compared to 40 mg/kg and 53 mg/kg for
the UTC [T1A] in pulp and skin respectively.

- Both WetCit and PANAF 5 expressed higher ab-
sorption of B into the skin (39% and 41% re-
spectively) compared with a 22% increase for
Biodew, in relation to the UTC.

- Similar increases were expressed for B in the
fruit skin for the different adjuvants compared
to the UTC.

However, the three combination sprays of Ca + B

and Si a day before and thereafter, by using the

three adjuvants, could not increase the fruit skin °

and pulp Ca content in relation to the UTC.

Levity Crop Science products:
e The three combination sprays of Ca + B and Si a day
before and thereafter the three Ca + B combination

sprays, exhibited higher SI content with the three

different adjuvants in the pulp [T2B], [T3B] and

[T4B] (2 493 mg/kg, 2 492 mg/kg, 2 546 mg/kg)

and in fruit skin (3 379 mg/kg, 3 423 mg/kg, 3 569

mg/kg), compared to 2 436 mg/kg and 3 269 mg/kg

for the UTC [T1B] in pulp and skin respectively.

- Both WetCit and PANAF 5 expressed higher ab-
sorption of Si into the skin (5% and 9% respec-
tively) compared to 3% increase for Biodew, in
relation to the UTC.

- Similar increases were expressed for Si in the
fruit skin for the different adjuvants compared
to the UTC.

The three combination sprays of Ca + B and Si a

day before and thereafter exhibited higher B con-

tent with the three different adjuvants in the fruit
skin [T2B], [T3B] and [T4B] (53 mg/kg, 63 mg/kg,

77 mg/kg) compared to 47 mg/kg for the

UTC [T1B].

Table 12: Fruit quality for samples procured from a high nitrogen orchard where Ca, B and Si sprays (T1-T4) of AECI

Plant Health and Levity Crop Science products were applied and

subsequently at harvest the fruit were either subjected

to a treatment of “jostling” to induce lenticel damage or left intact prior to packing. The intensity of the disorder was
quantified using PPECB’s grading system (Grade 0 = sound, Grade 1, Grade 2 and Grade 3)

QUALITY PARAMETER - LENTICEL DAMAGE : AECI PRODUCTS

Factor A (Jostle) x Factor B Factor A (Jostle) Factor B
(Ca - B - Si foliar sprays) (Ca - B - Si foliar sprays)
T2 T3 T4 T2 T3 T4
T1 |(Ca + B)|(Ca + B)|(Ca + B) T1 (Ca+B)|(Ca+ B)|(Ca + B)
UTC + Si + Si + Si UTC + Si +Si + Si
Biodew | WetCit |PANAF 5 No adjv.| WetCit |PANAF 5
= '.\IOt 52.3b 52ab 51.5ab 50.5a L '.\IOt 51.6 65.1 65.8 64.1 61.6
jostled jostled
2. Jostled | 78.0de | 79.0e 77.0d 72.8c 2. Jostled 76.8
P<0.0016 P<0.000 P<0.000
QUALITY PARAMETER - LENTICEL DAMAGE : LEVITY CROP SCIENCE PRODUCTS
Factor A (Jostle) x Factor B Factor B
(Ca - B - Si foliar sprays) Factor A (Jostle) (Ca - B - Si foliar sprays)
T2 T2
T3 T4 T3 T4
T1 (ci ;iB) (Ca + B) | (Ca + B) T1 (ci’_ ';iB) (Ca + B) | (Ca + B)
UTC No + Si + Si UTC No + Si + Si
WetCit |[PANAF 5 WetCit | PANAF 5
wetter wetter.
= Not 53.0a 52.5a 51.5a 51.5a 1. '.\IOt 52.1 65.6 65.9 64.0 62.3
jostled jostled
2. Jostled | 78.3c 79.3c 78.33c 73.0b 2. Jostled| 76.8
P<0.0014 P<0.0000 P<0.2880
QUALITY PARAMETER - ANTHRACNOSE : AECI PLANT HEALTH
1. Not 4.7 4.7 3.4 4.1 1. Not 4.2a 6.7 5.2 6.4 6.2
jostled jostled
2. Jostled 8.7 9.5 9.9 8.7 2. Jostled| 9.2b
P<0.8452 P<0.0001 P<0.9034
QUALITY PARAMETER - ANTHRACNOSE : LEVITY CROP SCIENCE
1. Not 3.8 4.1 3.8 4.1 1. Not 3.9a 5.5 6.4 6.3 5.9
jostled jostled
2. Jostled 7.2 8.7 8.7 7.8 2. Jostled| 8.2b
P<0.9887 P<.0.0058 P<0.9364

* Letters that are dissimilar are significantly different based on the Fisher LSD (a = 0.05)
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- Both WetCit and PANAF 5 expressed higher ab-
sorption of B into the skin (33% and 61%, re-
spectively) compared to an 11% increase for
Biodew, in relation to the UTC.

e However, the three combination sprays of Ca + B
and Si a day before and thereafter, by using the
three adjuvants, could not increase the fruit skin
and pulp Ca content in relation to the UTC.

The findings implicated
PANAF 5 proved to be an excellent adjuvant in most

cases and its penetrating capability towards improved
absorption and movement of nutrients, including
B and Si, into avocado pulp and fruit of both Lev-
ity Crop Science and AECI Plant Health products is
noteworthy. However neither PANAF 5 nor the other
adjuvants could assist in improved absorption of Ca
into the fruit skin. Research towards improving the
absorption of Ca into avocado leaves and fruit skin
is needed. The following other penetrators should be
considered for specific mode of action:

e BREAK-THRU® SP 133 (Alchem Group) and Tron-
ic (AECI) with the possible ability to move ac-
tive ingredients through the wax layer into the
plant. These penetrators can dissolve the plant’s
protective waxy layers, allowing fertilizers and
herbicides to move more effectively into the

plant cells. This, however, has not been tested
on avocado.

CONCLUSIONS

e A drastic increase occurred in lenticel damage
when the soil moisture protocol is not adhered to
in high nitrogen orchards, as was also noted in
the 2019 and 2020 trials. Unfortunately, no opti-
mum nitrogen orchards could be harvested at wet
soil moisture to make a full comparison during the
three years of research.

e Optimum leaf B, Ca and Mg values of an optimum
nitrogen orchard can be indicative of resistance
to developing lenticel damage, but the extent to
which these nutrients accumulate in the fruit is in-
fluenced by different factors:

- Fruit B and Ca are dependent on an optimum
transpiration stream that can only be obtained
with optimum irrigation during the first 6 weeks
of fruit development. In the case of Ca which is
only transported via the transpiration stream,
this is very important to ensure optimum cell
wall integrity.

- However, B is also transported through the
phloem from older leaves during the whole fruit
development period after the initial important 6
weeks, which enables B to accumulate to much

Table 13: Ca, B and Si nutrient content in fruit pulp and fruit pulp and skin 6 weeks after conducting the foliar nutrient
sprays with AECI Plant Health and Levity Crop Science products in an orchard of high nitrogen including Biodew, WetCit

and PANAF 5 as adjuvants

Fruit skin and pulp Nutritional composition

Fruit pulp Fruit skin
Treatments Ca B Si Ca B Si
% mg/kg | mg/kg % mg/kg | mg/kg
Ti1A UTC 0.05 53 2301 0.07 40 3201
T2A (Ca + B & Si) + Biodew 0.04 67 2426 0.09 48 3290
= T3A (Ca + B & Si) + WetCit 0.04 72 2436 0.06 55 3391
, L | T4A (Ca + B &Si) + PANAF5 0.03 73 2507 0.05 56 3458
E % % Increase % Increase
& | T1A UTC - - - - - -
e T2A (Ca + B & Si) + Biodew -20 25 5 30 22 3
T3A (Ca + B & Si) + WetCit -30 35 6 -10 39 6
T4A (Ca + B & Si) + PANAFS5 -42 37 9 -32 41 8
T1iB UTC 0.04 78 2436 0.06 47 3269
T2B (Ca + B & Si) no wetter 0.03 83 2493 0.06 53 3379
0 T3B (Ca + B & Si) + WetCit 0.04 80 2492 0.05 63 3423
Q
> .E T4A (Ca + B & Si) + PANAF 5 0.03 78 2546 0.05 77 3569
5 @ % Increase % Increase
= §| TiBuTC - - - - - -
© T2B (Ca + B & Si) no wetter -18 7 2 -13 11 3
T3B (Ca + B & Si) + WetCit -2 3 2 -30 33 5
T4A (Ca + B & Si) + PANAF 5 -14 1 5 -17 61 9

96 SOUTH AFRICAN AVOCADO GROWERS' ASSOCIATION YEARBOOK 45, 2022



higher values in the fruit skin when compared
to Ca.

e Sub-optimal irrigation may limit the root uptake

of Ca and B through transpiration, and hence limit

the integrity of fruit skin, adding to increased sen-

sitivity to lenticel damage.

- This emphasises the importance of optimum ir-
rigation during the first 6-7 weeks of fruit de-
velopment to ensure that Ca and B accumulate
optimally in the fruit skin, as well as optimum
irrigation during the months thereafter to en-
sure optimum phloem transport to the fruit to
reach maximum B content in the fruit skin.

- To ensure that orchards are not subjected to
water stress during the season, the goal of ob-
taining maximum B in the fruit skin leading to
optimum cell wall strength and integrity will
minimise lenticel damage.

In this regard, an orchard (PF1 2019) with opti-

mum leaf N, Ca, Mg and B, accumulated B in the

fruit skin to a value of 114% higher than in the

leaf, resulting in the least lenticel damage of 30%.

- This partly explains this orchard’s remarkable
resistance to developing lenticel damage. The
very high skin B content could only have been
obtained with optimum photosynthetic output in
place, ensuring enough available Perseitol (that
acts as carrier of B during phloem transport)
and that could only be achieved by optimum
irrigation (3 hour weekly sprinkler irrigation).

- Furthermore, this orchard is surrounded by
rows of big gum trees that acted as an effec-
tive wind barrier, hence no wind damage oc-
curred that could affect lenticel damage data
negatively.

An orchard (PI S1B 2020) with optimum leaf N,

Ca, Mg and B very similar to PF1 2019, in contrast

could only accumulate B in the fruit to a value of £

10.7% higher than the leaf B value.

- This explains the sensitivity of this orchard to
developing lenticel damage when compared to
orchard No. 1, PF1 2019, as this orchard had
sub-optimum irrigation.

- This implies that photosynthetic output was in-
hibited during fruit development and led to less
Perseitol available. This influenced the effec-
tive and optimum phloem transport of B to the
fruit skin, possibly leading to reduced fruit skin
integrity that explains the higher sensitivity to
developing lenticel damage.

A new 2021 orchard (No. 2, PI M3) with optimum

leaf N, Ca, Mg and low leaf B where optimum irriga-

tion was applied, resulted in a 142.9% increase in
fruit skin B content although it had a low leaf B value

of 35%. This orchard had lenticel damage of 39.5%.

- This orchard had intermediate wind damage,
contributing as an additional factor towards
damaging lenticels.

- This proves the importance of optimum irriga-
tion to maintain optimum phloem transport of
B to the fruit skin to ensure optimum fruit skin
integrity to effectively manage lenticel damage,

but only if other factors can be negated.

- Optimum irrigation is needed to ensure the
elimination of water stress conditions that will
have a negative effect on the photosynthetic
output as well as maximum phloem transport
of B from the leaves to the fruit. This implies
that the important 6-7 weeks as well as the
weeks thereafter during fruit development, re-
quire optimum irrigation to ensure maximum
fruit skin B content.

- Theoverall low leaf B contentin 2021 for most av-
ocado orchards was due to heavy rains during the
season, resulting in leaching of B. Subsequently
the soil needed to be replenished more frequent-
ly to ensure optimum absorption of B. However,
phloem transport of B to the fruits comes from
the tips of older leaves and apparently there was
still enough available from older leaves to trans-
locate to the fruit skin. Currently the fifth leaf of
new shoot growth during May, just before har-
vest starts, does not give a true reflection of the
nutrient status of older leaves on the tree.

- It can be pointed out that there was an addi-
tional factor of intermediate wind damage that
increased lenticel damage on the pack-line
fruit, which contributed to the lenticel damage
of 39.5%, compared to the significantly lower
value of 30% for orchard No. 1, PF1.

Results of the Ca, B and Si spray trials indicated that

both WetCit and PANAF 5 were able to significantly

increase levels of the B and Si in the fruit skin.

However, the skin Ca content could not be in-

creased by the inclusion of WetCit and PANAF 5.

- In further research, penetrators like BREAK-TH-
RU® SP 133 (Alchem Group) and Tronic (AECI),
with the effective ability to move active ingre-
dients through the wax layer into the plant,
need to be tested on avocado. These penetra-
tors are able to dissolve the plant’s protective
waxy layers, allowing fertilizers and herbicides
to move more effectively into the plant cells. In
2019, 2020 and 2021, the spray trials aimed
to increase Ca in the fruit skin during the late
season were not effective. The need exists for
further research that focuses on improved Ca
absorption into the fruit skin during the first 6
weeks of fruit development.
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commences (ca. 2 g stage) to increase fruit size

Mango

Spray Ultrasol® K Plus
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Spray Ultrasol® K Plus with triazol growth
retardant during flowering to increase
number of fruits
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Foliar fertilization is an important tool for the sustainable and
productive management of crops:
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= interact to limit a delivery of nutrients to = positive plant parameter responses.

critical plant organs
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