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ABSTRACT 
In a three-year study, Fuerte avocado trees received soil applications of K2SO4, 
MgSO4 and LAN during the period September to February. Single tree yields 
were recorded. After simulated sea export, i.e. four weeks of storage at 5 °C, 
fruits were examined for internal physiological disorders (pulp spot, grey pulp, 
vascular browning). The three-year average yield from heavily N fertilised trees 
tended to be lower than that of the other treatments. None of the treatments 
increased the percentage of fruit free of physiological disorders over three years 
when compared to the untreated control. N applications alone considerably 
increased the percentage of fruit with physiological disorders. However, when N 
was applied in combination with K and Mg, the percentage of fruit free of 
physiological disorders did not differ from the untreated control. 
 
INTRODUCTION 
In South Africa, the cultivar Fuerte represents 56% of the total avocado 
production (Toerien et al., 1992). However, industry experience is that Fuerte 
fruit quality is often impaired by physiological disorders following cold storage. 
Physiological disorders are caused by increased membrane permeability which 
results in leakage of phenols from the vacuole into the cytoplasm, with 
subsequent oxidation by polyphenoloxidases. Membrane stabilisation is 
dependent on calcium binding to certain membrane components. Depending on 
their concentrations, other cations can replace calcium from its binding sites in 
the membrane. Potassium and magnesium are potentially antagonistic to calcium 
and may markedly increase membrane permeability (Bangerth, 1979). 
In a Fuerte fertilisation experiment Embleton et al. (1959) found that high N 
applications reduced tree yield and increased vegetativeness. According to 
Witney et al. (1990), Fuerte fruit from vigorous trees contained lower Ca 
concentrations than fruit from non-vigorous trees. Physiological disorders in 
avocado fruits have been linked to low fruit Ca content (Bower & Cutting, 1988). 
Koen et al (1990) found a positive relationship between the N and K 
concentrations in Fuerte fruit and the severity of the physiological disorder grey 
pulp, while an increased K concentration in the fruit resulted in a decreased 
occurrence of pulp spot. These findings put the quality conscious Fuerte grower 



into a conflict situation, as K applications seem to reduce one physiological 
disorder (pulp spot) while increasing another (grey pulp). 
The purpose of this study was to determine the effects of soil applications of K, 
Mg and N on fruit quality in cv Fuerte. 
 
MATERIALS AND METHODS  
Climate and Soil 
The three-year experiment commenced in September 1989 and was carried out 
at Westfalia Estate, situated in the northeastern Transvaal. The climate is warm 
subtropical with summer rainfall averaging 1300 mm per annum. However, the 
years during which the experiment was carried out were exceptionally dry (1989: 
743 mm, 1990: 794 mm, 1991: 855 mm, 1992: 471 mm). Supplementary dragline 
irrigation was applied when soil moisture tension, measured by tensiometer at a 
soil depth of 30 cm, exceeded -55 kPa. Due to the drought, the orchard could not 
be irrigated as from October 1991. The soil is deep lateritic (Hutton form) with a 
clay content of approximately 40%. 
 
Treatments 
Fuerte avocado trees on Duke seedling rootstocks, planted in 1978, were used in 
this study. All trees received an annual aerial spray of zinc and boron during full 
bloom at recommended rates (Könne et al., 1990). The control trees received no 
macro-element fertilisers during the three experimental years. The following 
fertiliser treatments were applied: K2SO4 (40% K), MgSO4 (10.5% Mg), limestone 
ammonium nitrate (LAN, 28% N), and the combination of these three fertilisers. 
The fertilisers were scattered on the soil under the trees in five applications per 
season during the period September to February. Each application consisted of 2 
kg of fertiliser per tree, and in the case of the combined treatment 2 kg of each 
component. There were nine single tree replicates per treatment. 
 
Yield 
At harvest 1990, 1991 and 1992, single tree yields were recorded. In the first two 
years of the trial, fruit were picked both early (10/04/1990 and 27/03/1991) and 
late (30/05/1990 and 23/04/1991) in the Fuerte season. Due to the shortage of 
irrigation water, all fruit were harvested on one date in the third year 
(10/04/1992). 
 
Fruit quality 
In order to monitor fruit quality, fruit samples (mass range 266-305 g) were drawn 
on each picking date. In 1990 and 1991, a combined sample of 140 fruit was 
drawn from the nine trees in each treatment. In 1992, a sample of 14 fruit was 



taken from each tree to investigate possible fruit quality differences between 
trees. 
The fruits were stored for four weeks at 5°C to simulate shipment to Europe. 
There after the temperature was increased to 18°C to induce ripening. Soft-ripe 
fruit were cut open and inspected for the physiological disorders pulp spot, grey 
pulp and vascular browning (Swarts, 1984). Results on fruit quality are presented 
as percentage of fruit free of the above mentioned disorders. 
 
Fruit sampling 
Eight fruits (mass range 266-305 g) per tree were picked and combined into one 
sample per treatment in April 1990 and 1991. In 1992, eight fruits of the same 
mass range were picked from each tree and combined into one sample per tree. 
Pulp samples were drawn with a cork bore as described by Koen et al. (1990). 
The samples were analysed for their Ca, Mg and K content by Outspan 
Laboratories (Verwoerdburg). 
 

 
 



 
 
 

 
 
Soil sampling 
Soil samples were drawn with an augerat 0-15 cm and 15-30 cm depth on the 
dripline of the trees. The soil was analysed in September 1989 before starting the 
experiment. Soil analysis was repeated in August 1990 and 1991. Aluminium 
acetate extractable Ca, Mg and K and pH (H2O) values were determined in all 



cases. 
 
Leaf sampling 
Leaves were sampled from each treatment according to Koen & Langenegger 
(1981) in March 1990, 1991 and 1992. The leaf samples were analysed for N, P, 
K, Ca, Mg, Zn and B contents by Outspan Laboratories. 
 
RESULTS AND DISCUSSION 
Yields 
Yield varied considerably between trees within a treatment, and fertiliser 
applications had no significant effect on yield (Table 1). However, the three-year 
average yield of the heavily N fertilised trees tended to be lower than that of the 
other treatments. Embleton et al. (1959) also found a yield decrease in trees 
which received high rates of nitrogen. 
 
Fruit quality 
With regard to the occurrence of physiological disorders, the following 
observations were made irrespective of the fertiliser treatments applied. The 
biggest difference in fruit quality occurred between fruit picked early and that 
picked late in the Fuerte season. Late in the season, the proportion of fruit free of 
physiological disorders was 30 to 40% lower than early in the season. 
Furthermore, fruit quality differed by more than 20 % between years (Table 2). 
When examining fruit quality on an individual tree basis in 1992, the percentage 
of fruit free of physiological disorders differed considerably between trees, 
probably due to the seedling rootstocks. Trees with low yields tended to produce 
less fruit free of physiological disorders than trees with high yields. This 
observation agrees with findings of Smith & Köhne (1992). 
None of the fertilizer treatments increased the percentage of fruit free of 
physiological disorders over three years when compared to the control. N 
applications alone considerably decreased the percentage of fruit free of 
physiological disorders (Table 2). However, when N was applied together with K 
and Mg, the percentage of fruit free of physiological disorders did not differ from 
the control. 
 



 
 
 

 
 
Fruit analysis 
Over the three-year-period, fruit K content was increased following soil K 
applications. Fruit Mg levels varied little between treatments and years. Fruit Ca 



levels were constant in all treatments in 1990 and 1991, except for a decreased 
Ca content following N applications in 1990. In 1992, fruit Ca content was 
increased by K application and decreased by Mg application when compared to 
the control (Table 3). However, these changes in fruit Ca content did not affect 
fruit quality. 
 
Soil analysis 
The potassium level in the experimental orchard was particularly low when 
compared to the soil analysis norms for avocado (Köhne et al., 1990). There was 
a large increase in the initially very low soil K content when K was applied alone 
and in combination with Mg and N (Table 4). In 1990, the soil K content for these 
two treatments was within the normal range of 150 to 250 mg/kg K (Köhne et al., 
1990). In 1991, the soil K content was increased further to the above normal and 
excess range respectively. Soil Mg content was slightly increased by Mg 
applications and soil Ca contents remained within the normal range. 
 
Leaf analysis 
Results for the leaf levels of N, K and Mg are shown in Table 5. N applications 
increased the percentages of N in the leaves. When N was applied alone, leaf N 
levels were increased above the maximum recommended level of 2% for Fuerte 
leaves in 1991 and 1992. Although the soil K content was low, leaf K values were 
within the normal range. K applications alone as well as in the combined 
treatment, increased K percentages in leaves. Higher soil levels of Mg following 
Mg applications were not reflected in higher Mg leaf levels. P, Ca, Zn and B 
contents (data not shown) were within the normal ranges for these elements 
(Köhne et al., 1990). 
 
CONCLUSIONS 
Soil applications of K to Fuerte trees grown on a soil with low K content had no 
beneficial effect on yield or the percentage of fruit free of physiological disorders. 
Heavily N fertilised trees tended to produce lower yields and lower percentages 
of fruit free of physiological disorders when compared to the untreated control. 
However, when N was applied in combination with K and Mg, the percentage of 
fruit free of physiological disorders was the same as in the control. It was also 
shown that Fuerte fruit picked early in the season always had a much lower 
incidence of physiological disorders than that picked late in the season. 
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