
P u b l i s h i n g

Australian Journal of Agricultural Research
CSIRO Publishing
PO Box 1139 (150 Oxford St)
Collingwood, Vic. 3066, Australia

Telephone: +61 3 9662 7628
Fax: +61 3 9662 7611
Email: publishing.ajar@csiro.au

Published by CSIRO Publishing 
for CSIRO and the Australian Academy of Science

w w w . p u b l i s h . c s i r o . a u / j o u r n a l s / a j a r

All  enquiries and manuscripts should be directed to:

Australian
Journal of
Agricultural
Research

Volume 53,  2002
©  CSIRO  2002

A journal for the publication of original contributions
towards the understanding of an agricultural system



© CSIRO 2002 10.1071/AR01146 0004-9409/02/060677

Aust. J. Agric. Res., 2002, 53, 677–680

Macadamia nut size and maturity influenced by 
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Abstract. A long-term study of the effects of lime and nitrogen on a young macadamia orchard included acidifying
sulfate of ammonia treatments to separate pH and Ca effects of lime applications. Lime, per se, had no influence
on yield, quality, or trunk girth growth. Annual nitrogen applications (with or without neutralising applications of
lime), however, consistently depressed the size of nuts and kernels and the percentage of first grade kernels, but had
no effect on yield or other quality characteristics. More nuts developed with N treatments but failed to fill
effectively.
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Introduction

Lime applications had no effect on macadamia seedling
growth at soil pH 4–5.5 (1 : 5 in water) but tended to depress
growth at higher soil pH (Aitken et al. 1990). Yield from
mature trees also tended to decline at higher levels of pH,
although this was not significant (Stephenson et al. 1996).
Lime-induced chlorosis of macadamias, associated with iron
deficiency, has been well documented in Hawaii (Fox et al.
1986) and has been observed in orchards with high soil pH
in Australia (R. L. Aitken, pers. comm.). Baigent and
O’Brien (1987) did not record yield responses to either lime
or dolomite applications over a relatively narrow pH range
up to pH 5.4. It is concluded that macadamias are relatively
tolerant of soil acidity. This short communication reports on
a long-term study designed to show the effects of both lime
and acidifying sulfate of ammonia applications to young
macadamia trees on tree growth and yield, and quality of
nuts. Initial results covering the first year’s production of
nuts were reported by Stephenson et al. (1996).

Materials and methods

A field trial was established in an unirrigated orchard of young
(c. 1 year old), non-bearing, Kau (HAES 344) macadamia (Macadamia
integrifolia Maiden and Betch) trees at Cootharaba, Queensland, as
described by Stephenson et al. (1996). The pHW (1 : 5 in water) of this
coarse-textured soil was 5.1 at 0–5 cm, declining to 4.6 at 20–30 cm.
Treatments consisted of 4 rates of agricultural lime (0, 200, 400, and
800 g CaCO3/m2) together with an N treatment (240 g (NH4)2SO4 /m

2),

and N plus lime (240 g (NH4)2SO4 /m
2 + 360 g CaCO3/m

2). Lime
applied in the latter treatment was designed to counter the acidifying
effects of the N fertiliser and was applied approximately 1 month after
application of the N (in November–December) to minimise
volatilisation of N. Treatments were applied to 5 m by 5 m single tree
plots, centered on the tree and replicated 4 times. To achieve uniform
distribution of fertiliser, each plot was subdivided into 1 m by 1 m
subplots and appropriate amounts of the fertiliser uniformly were
applied through a sieve. Lime treatments were applied only once in
October 1988 and the N and N plus lime treatments were applied in
October–November from 1988 to 1998, coinciding with nut set–early
nut development.

Normal commercial management of trees was carried out, but no
ameliorants or N fertilisers were applied. Data were collected annually
for tree growth (assessed by trunk girth measurements), nut-in-shell
(NIS) and kernel yield, and kernel quality: kernel recovery (KR, kernel
weight/NIS × 100) and percentage first grade kernel (G1K, >72% oil,
SG = 1, floats in tap water).

The data were analysed using linear mixed models including
treatment terms to test for the effect of liming and N treatments and
additional terms to account for extra random variation due to years,
replicates, the individual trees, and the interaction of these factors.
Generalised least squares was used for the fixed effects and best linear
unbiased prediction (Robinson 1991) for the random effects. The
REML method of variance component estimation (Patterson and
Thompson 1971) was used and the Wald statistic was used to assess the
significance of fixed effects. All analyses were carried out using the
samm mixed modelling facility (Butler et al. 2001) in SPLUS. 

Results

Neither lime nor N treatments influenced yield of NIS,
kernel yield, trunk girth growth, or KR during the first
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6 years of production. Yield of control trees ranged
from 1.3 kg NIS/tree in 1993 to 15 kg/tree in 1998 and
13.4 kg/tree in 1999. Average kernel recoveries were 28.9,
28.2, 27.3, 30.9, 25.8, 33.5, and 31.5% in 1993 to 1999,
respectively. Mean trunk girth increased from 2.5 to 50 cm
over the 9 years of the trial. Figure 1 shows that G1K was
consistently depressed by c. 8–10% by N treatments. The
average G1K from lime treatments was not significantly
lower than that of control trees. Mean nut and kernel weights
were reduced by c. 8–12% with N treatments, but lime
treatments had no effect (Figs 2 and 3). Reduction in mean
nut size did not apply generally (Fig. 4), but was reflected in
a smaller percentage of nuts in the larger category (>24 mm)
and a higher percentage in the smaller category (19–24 mm).

Discussion

The lack of a yield response to liming this coarse-textured
acidic soil is consistent with the results of previous studies

with both bearing (Baigent and O’Brien 1987) and non-
bearing trees (Aitken et al.1990). Although Stephenson et al.
(1996) reported a tendency for yield to be depressed at soil
pH >5.5, this was not so in this study (Aitken et al. 1996) in
which surface soil pH during the first year was increased
from 5.1 to 6.1, 6.6, 7.1, and 6.1 by 200 g, 400 g, 800 g lime,
and 360 g lime + N, respectively, and dropped to 4.4 with N.
Soil pHW, however, declined progressively to year 5 by c. 0.8
for each of the lime treatments. These results support the
conclusion that macadamias are tolerant of soil acidity
(Stephenson et al.1996).

The depression of G1K with the relatively high rates of N
used in this study (1.26 kg N/tree) was more marked and
consistent than reported previously (Stephenson and
Gallagher 1989b; Stephenson et al. 2000). Nevertheless,
higher applications of N tended to cause a reduction in G1K
in all studies. For example, trees that received 690 g N/tree
had lower G1K than ‘control’ trees receiving only 230 g N/
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Fig. 1. Seasonal mean percentage first grade kernel from trees receiving
various lime applications (�), nitrogen fertiliser (�), or untreated controls (�).
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Fig. 2. Seasonal mean nut weight from trees receiving various lime
applications (�), nitrogen fertiliser (�), or untreated controls (�).
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tree per year (Stephenson et al. 1989b). Monthly split
applications, however, resulted in higher G1K than single
applications in April, presumably due to more effective
utilisation and less leeching. The single application of
1.26 kg N/tree applied annually in October–November in the
current study would have enhanced nut growth and oil
accumulation when the demand for N and assimilates was
high (Stephenson et al. 1997).

The fluctuation of G1K levels is partly explained by rainfall
during the latter stages of oil accumulation (Stephenson et al.
2000); low rainfall in March, April, or May appears to be
associated with high G1K. Rainfall was low over this period
in 1993, high in 1994, low in 1995, 1996, and 1998, and high
in 1997 and 1999. High rainfall at this time may induce a
supplementary peak of vegetative flushing (Stephenson and

Gallagher 1989a) which, in turn, may adversely affect G1K
(Stephenson et al. 2000), perhaps by competition for
assimilates at this high-demand stage. Other seasonal factors
undoubtedly influence G1K. In years in which G1K was low,
yield and kernel recovery also tended to be low.

The smaller nuts and kernels from trees fertilised with N
appear to be the result of trees setting more nuts but being
unable to fill them normally, since total yield was similar for
all treatments. Fig. 4 shows that high N reduced the
percentage of large (>24 mm) nuts by more than 10%, and
increased intermediate sized nuts (19–24 mm) by about 10%
and small reject nuts only marginally. Stephenson et al.
(1989b) reported a similar response to N applied to HAES
660, a variety that commonly produced a substantial
proportion of small, unmarketable nuts. Since HAES 344
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Fig. 3. Seasonal mean kernel weight from trees receiving various lime
applications (�), nitrogen fertiliser (�), or untreated controls (�).
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Fig. 4. Percentage of nuts in <19 mm, 19–24 mm, and >24 mm size classes from various lime and nitrogen
treatments.
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trees normally produce nuts of relatively uniform size, this
response to high N applied in a single dose could apply
generally across other varieties. Smaller rates of N applied in
multiple split applications are less likely to cause a reduction
in nut and kernel size but are likely to result in higher G1K
(Stephenson et al. 1989b).

Although smaller kernels may be desirable for some
commercial markets such as chocolate-coated macadamias,
manipulation of kernel size with N is unlikely to be a useful
management tool to target such markets, particularly when
high N tends to depress yield of commercial kernel
(Stephenson et al. 1989b, 1997).
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