
South African Avocado Growers’ Association Yearbook 25, 2002

51

Further refinement of ‘Pinkerton’
export parameters

B Snijder, M G Penter, J M Mathumbu and F J Kruger

ARC-Institute for Tropical and Subtropical Crops,
Private Bag X11208, Nelspruit 1200

E-mail: bramsnijder@worldonline.co.za

INTRODUCTION
During the last four years, considerable

work has been done aimed at improving the
storage potential of the Pinkerton cultivar.  The
earliest results on grey pulp (Kruger et al., 2000)
indicated the susceptibility of fruit from different
production regions to vary.  Fruit from warmer
areas with high potential soils were shown to
be more susceptible to this disorder than fruit
from cooler areas with poorer soils.  It was fur-
ther shown that adherence to strict maturity
specifications is the single most important in-
tervention strategy.  Recommendations were
also made regarding appropriate fruit nitrogen
and calcium content specifications. The above
recommendations were further updated during
the 2000 season Kruger et al. (2001).  The
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maturity specifications were more closely speci-
fied, taking into account the production region
(high or low risk) and season (on or off).  Spe-
cific postharvest recommendations were also
made pertaining to storage temperature, the use
of controlled atmosphere (CA) and 1 methyl
cyclopropene (1-MCP). The present paper aims
to further refine the above specifications.  The
following aspects are dealt with:
• The multiple fruit set pattern of this

cultivar.
• The effect that tree age has on fruit qual-

ity and storage potential.
• The effect that rootstock has on fruit qual-

ity and storage potential.
• Further refinement of the Ca and N speci-

fications.

FRUIT SET PATTERN
This trial was conducted in

two orchards located in the
Kiepersol area.  The first was
only two years old, while the sec-
ond was seven years of age.  In
both orchards, individual inflores-
cences were marked as the first
flowers opened.  This was con-

Table 1.  Fruit set recorded in 2 and 7 year old
‘Pinkerton’ trees located in two orchards in the
Kiepersol area.
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tinued throughout the season.  Chemical analy-
sis was conducted and at the end of the sea-
son the fruit was harvested and stored for 28
days at 7°C and evaluated.

The yield distribution is shown in Table 1
while the incidence of grey pulp and black cold
injury is shown in Figs. 1 and 2.

 The results are interesting and enable

the formulation of useful recommendations.  In
younger trees the fruit set is spread out over
five months making it impossible to export
these fruit due to the enormous difference that
exists with regard to maturity.  However, in older
trees 96.6% of the fruit harvested were from
the first set.  The implication of this result is
clear:  If the fruit are harvested within the cor-

rect maturity range, 96.6% of
the avocados ought to be free
of grey pulp.  The possibility
exists that the remaining 3.4%
may not ripen properly, but this
is less of a problem than grey
pulp.

The grey pulp statistics
plotted in Figs. 1 and 2 reflect
incidence and not intensity.  A
large proportion of the fruit re-
corded as having grey pulp,
only showed slight symptoms
and were therefore still market-
able.  In any event, it clearly
demonstrates that the more
mature fruit from the first set
is considerably more prone to
contracting grey pulp than the
fruit from the later sets.

A similar but reverse situ-
ation exists with regard to
black cold injury (Figs. 1 and
2).  The data is again ex-
pressed as incidence and not
intensity.  In most cases, only
small lesions occurred on mar-
ketable fruit and the results
appear worse than it really
was.  Nevertheless, the results
show that less mature fruit
from the later sets are more
susceptible to black cold injury
than more mature fruit from
earlier sets.  In contrast with
grey pulp, however, the man-
agement of black cold injury is
more complex and can not be
achieved by carefully control-
ling the maturity of the fruit.
The black cold problem is
therefore more comprehen-
sively addressed elsewhere
(Kruger et al., 2002).

EFFECT OF TREE AGE
In this trial, four orchards

located on the same farm in

Figure 2.  Incidence of grey pulp and black cold injury in 3
different sets of fruit from 7 year old Pinkerton trees.  Note
that only the incidence is plotted and not the intensity of
the disorder.  In most affected fruit the disorders were faint
and the fruit were marketable.

Figure 1.  Incidence of grey pulp and black cold injury in 4
different sets of fruit from 2 year old Pinkerton trees.  Note
that only the incidence is plotted and not the intensity of the
disorder.  In most affected fruit the disorders were faint and
the fruit were marketable.
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the Kiepersol area were monitored.  The old-
est orchard was seven years of age while the
youngest was two years old.  Two five year
orchards were also studied.  The first of these

was a high density orchard (1 666 trees per
hectare), while the second was a standard den-
sity orchard (607 trees per hectare).  Fruit was
regularly sampled and at harvest the avoca-

dos were stored at 7°C for 28
days before being ripened and
evaluated.

The results attained in the
tree age survey are displayed in
Table 2.  Again, the results make
for very interesting reading.  Un-
fortunately, the samples were not
exactly of the same maturity at
harvest.  The fruit from the older
trees were slightly less mature
than those from the younger
trees.  This can, however, not
account for the drastic reduction
in the incidence of grey pulp in
fruit from the older trees.  It would
therefore appear that the danger
of contracting grey pulp during
storage is considerably lower in
older trees than in younger trees
harvested at the correct maturity.
This is a particularly welcome
observation as it infers that it can
only go better in future, as exist-
ing Pinkerton orchards become
older.

The calcium and nitrogen
content analysis of the above fruit
is shown in Table 3.  The results
clearly illustrate that the fruit from
the older trees have a lower ni-
trogen and higher calcium con-
tent than the younger trees.
These observations corroborate
the above findings and the pre-
viously formulated fruit mineral
content parameters.

Again, the interpretation of
the black cold injury results is
more complex and is dealt with
elsewhere (Kruger et al., 2002).

EFFECT OF ROOTSTOCK
In this part of the study,

three adjacent Nelspruit or-
chards grafted on either Duke 7,
Martin Grande or Thomas root-
stocks, were monitored.  The
fruit was harvested, stored and
evaluated as above.

The results are shown in
Table 4.  No significant differ-

Table 2.  Influence of tree age on the fruit quality of
‘Pinkerton’ avocados.

Table 3.  Nitrogen and calcium content of Pinkerton fruit
from four orchards of differently ages.

Table 4.  Effect of rootstock on ‘Pinkerton’ avocado fruit
quality.

Table 5.  Physiological disorder and nutritional content
statistics of Pinkerton orchards located in the Nelspruit
and Kiepersol production areas.
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ence existed between the different rootstocks.
It would therefore seem that rootstock does
not play an overriding role with regard to
Pinkerton fruit quality.  The role of tree age,
however, came to the fore again.

REFINING THE FRUIT CALCIUM AND
NITROGEN LEVELS

In this part of the study, fruit  from 18 or-
chards belonging to six growers in the
Kiepersol area, considered to be a high risk
area, and nine orchards belonging to three
growers in the greater Nelspruit area, consid-
ered to be a low risk area, were studied.  Fruit
samples were drawn on a monthly basis from
November 2000 until March 2001 and sub-
jected to N and Ca analyses.  At harvest, the
fruit were stored at 7°C for 28 days, ripened
on the shelf, and evaluated.

The results are summarized in Table 5.
The incidence and intensity of black cold in-
jury did not differ between the two production
areas.  The intensity of grey pulp did not differ
either.  However, the incidence of grey pulp
was twice as high in the Kiepersol area than in
the Nelspruit area.  (The mean moisture con-
tent of the Kiepersol  fruit was 1% lower at
harvest.)  The nitrogen content of the fruit from
the two areas was fairly similar during Novem-
ber but the rate at which it reduced from No-
vember to January was faster in the Nelspruit
area.  The Nelspruit area also had significantly
higher fruit calcium levels at the beginning of
the season.  This trend was also reflected in
the Ca : N ratio.  The importance of retaining
as high as possible Ca : N ratio throughout the
season is clear when comparing the latter ra-
tio in the best and worse Kiepersol samples
as shown in the table.

RECOMMENDATIONS
One of the most important results ema-

nating from the study concerns tree age.  Fruit
from older trees were shown to be consider-
ably less susceptible to grey pulp than fruit from
younger trees.  The fruit from older trees were
also found to have lower N and higher Ca lev-
els.

Older trees were also found to be supe-
rior in terms of fruit set period.  The set was
considerably more concentrated in older trees,
while it was spread out in younger trees.

Based on the information in hand, it is
recommended that Pinkerton fruit should not
be exported from trees that are younger than
five years of age.

After taking the data accrued during the
present study into account, it is suggested that
the maturity recommendations suggested by
Kruger et al. (2000) and Kruger et al. (2001)
be retained.  These state that fruit from a low
risk area should fall within the 80% to 73%
moisture range during an on-season and be-
tween 80% and 75% during an off-season.
Fruit from a high risk area must be between
80% and 75% during an on-season and be-
tween 80% and 77% during an off-season.
Maturity remains the most important param-
eter to be taken into account when controlling
grey pulp.

The results of the present study con-
firmed that our previous mineral content rec-
ommendations (Kruger et al., 2000 & Kruger
et al., 2001) are appropraite.  It should, how-
ever, be emphasized these were primarily for-
mulated with the control of grey pulp in mind.
It is suggested that a nitrogen content of be-
low 1% by March be promulgated.  This ought
to ensure the absence of grey pulp should the
fruit be harvested within the correct maturity
ranges.  However, if black cold injury is to be
reduced, the 1% mark will have to be reached
by January.

A similar situation exist with regard to the
Ca content of the fruit.  The present results
suggest that the 1000 ppm fruit Ca level dur-
ing November is correct in terms of the control
of grey pulp. However, in terms of black cold
injury this value should be increased to 1200
ppm.  However, the present results suggest
that it is doubtful whether a Ca content-related
decrease in black cold injury is to be attained
between the 1000 and 1200 ppm levels.  An
effect was only noticed when the 1200 ppm
threshold was topped.  What is more, the rate
at which the calcium decreases as the fruit
grows was also found to be slower in black
cold injury free fruit. These fruit were found to
still be above 880 ppm by January and above
600 ppm by March.

In terms of grey pulp, the Ca : N ratio of
above 500 ppm/% need probably only remain
over 500 ppm/% until January and then not
decrease by more than 100 ppm/% per month.
However, in terms of grey pulp the 500 ppm/%
during March is probably correct.

Although storage temperature was not
addressed in the present study, it remains im-
portant and is dealt with by Kruger et al. (2002).
It is suggested that all Pinkerton, regardless
of fruit set, maturity or origin be exported at a
higher temperature than is presently used.
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This temperature should approach 10ºC and
new ethylene inhibition technology (Lemmer
et al., 2002) should be employed to reduce the
chances of fruit softening during transport.
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