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ustralia’s macadamia industry is
booming. By the year 2000, two
million yvoung rrees — in orchards
from Lismore in northern New South
Wales o Walkamin in

Queensland — should begin yielding rop

northern

quality native nut crops worth more than
$100 million annually.
which has

cady seen Australia eclipse Hawaii as the

I'his burgeoning ourpur
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merely scrarching the surface of porential

demand. In 1995, macadamias accounted

for less than 0.5% of the elobal trade in
[ree nuts
With such a rich luture in store lor the

i 1
[."..‘n..in.l.l'l'lll.l I|||.' |1H..I HIAUSIEY 15 |\'-E'-“[§.'.

nothing to chance. The Austra

Macad
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mia Society, recognising the need to

investing heavily in research. This vear

alone (1996) a 3.3 cents a kilogram levy
will generate 51,26 million for studies
. WA

aimed ar a range of problems including
improving cultivation and pest control and

the t'|L'i.'\l.|r5:l of cultivars berter suired ro

commercia |"|'IILELI|.IiilII. With access o the

macadamia’s native gene pool, Australian

scientists have an advanrage in this research
Initial steps toward the development ol
new culti s have been raken by Dr

Cameron McConchie of CSIRCYs Division

i

of Horticulture in Brisbane. Along wit
botanists from the University of

‘\1||;_g;1\|.| 1d, McConchie and his team have

een exploring the generic diversity
_l\',lil.!‘!_lIL' i1| '\'\lll,l |J|,LL.'[1I,|']|i_|‘1 \.';||I: i VIew
to borrowing their traits to enhance the
performance of existing domestic species.
Our group is the first to define which of
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the extent of the germplasm
improve the commercial macadamia by
conventional ||l|:|||1|ﬁ_'. e |'|.'1I|.||.'r-..

McConchie says.

Given that the Macadamia genus is
nartive e Australia, and rthat
macadamias are now one of the
country’s most valuable horticultural
Crops, 1t s surprising to learn that
McConchie and his colleagues are the
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rmplasm to capiralise on this

first 1o t'u||_\' L".l"l“ri. the avai
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valuable asser. Signilicant work on
breeding and germplasm preservation
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and varieties they have developed are

performing well in the Australian

industry. Formal research of this
nature, however, has been a long time

coming, Why is this the case?

I'he answer to ates back
to 1881, when an American, William

Purvis, collecred a |'\n|_'|w.:'ll'|l| of nuts trom a

this question «

macadamia rree ]l|.|-'1|‘ d in a Brisbanc

back his hastily collected pockerful

the beginnings of Hawaii's macadamia
industry is thoughr to have wpped the
genetic diversity of two species. The

Brisbane tree probably was a natral hybrid

berween the rwo edible Macadam
M
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Even though the world's First
macadamia tarm was established ar Rous
Mill in northern NSW in 1882, it was in
Hawaii that cthe industry lourished. Their
macadamias have been markered so
successhully that most international tourises
now leave Honolulu convinced rthe
‘Hawanan nut’ 1s natve to the islands.
While the induscry
I

slumbered, Hawaiian ETOWErS and breeders

.'\.||\‘.I.||i.|ll

were selecting high-yielding cultivars whose
nuts were tasty and productive. When a

new wave of .\II:'IIH\.'ILI.Il ]‘l.l[\llll{:\ SV

Australia in the 1970, grafted Hawaiian

cultivars were the best commercial stock

1
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theretore contain trees descended from

Purvis's poc ketbul',

Mutborer is the major pest of macadamias

and il not controlled can cause serious losses,
Larvae tunnel within the husk and kernel
before shell hardening and cause premature
nut fall. Nutborer eggs can be seen on the
lower left of the damaged husk. The larvae
appear to survive better in some varieties
than others, offering hope that resistant
trees can be developed.

Creating the perfect snack

Macadamias are members of a great dynasty

of Howering plants that emerged from the
humid rainforests of the southern
supercontinent ol Gondwana early in the
retaceous En,lnn,l samie 130 million vears

ago. From ancient DNA preserved in living
Australian trees, McConchie's team plans o

breed thoroughly modern macadamias thar

will ensure Australia dominates the industry

1]
in the 21st century.
|}'||,' major tocus ot II".I_ new |1."L L\li']',L
program is to increase disease resistance,

thereby reducing or eliminating the need

i

for the presently low levels of chemical

control, McConchie says. "One ol the best

methods of biological control is to begin

with disease-resistant trees.” A range of
cultivars is being screened for resistance o a

COMMOn ||1|1-_'_,‘.- p

ogen called husk spot,

1

.ll!li to the I"II-l-.l\I..II:'-I.I nui orer (some rees

are thoughr o have a less penetrable husk).
Queensland’s Deparement ot Prim;

Industries (QDP1) and New South Wales

The Australian Macadamia Society is funding
a new breeding program that will barrow
traits from wild macadamia species to
improve both the efficiency of Australian
archards and the quality and variety of nuts

they produce,
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Macadamia jansenii (below), the ‘runt’
Orther traits 1o be examined during the of the genus, could provide genes for

more compact cultivars.
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botanical revision of the genus Macadamia

for Volume 16 of ._-'I-Jl..' |J_-'l |Ir\.‘-".J’.‘r.|'..a' L 1Al
boxed story on page 21). Her revision of
the genus recognises nine Macadamia

species:  four  from  south-castern
Queensland and northern NSW, four trom
the rainforests of north-east Queensland

and Cape York peninsula, and a lone

species from the Indonesian island of
Sulawesi. (Macadamias are curiously absem
from the rainforests of New Guinea.)
During field surveys near Lennox Head,
just north of Ballina, Gross tound two old,

roa
isalated trees of M

.'».'.f;..l'{h"*', i a ll.l[L'll of
rainforest. More than 400 mercres away,
across pastureland, she found several other

trees in a larger parch of rainforesi. While

[N SpeCics Is W | '.I’II\II\\'\l In rescrves

norch of Balling, Gross savs the viability of

these small, scactered, l|||\||.||1 |.'lll|.'lu|.|l|<~|1~ 15

in doubt because little is known abourt the

|'-1|,'L||.|Iil S1ZC NCC tor SUstaIin
macadamias,

In most commercial orchards,
Furopean honeybees pollinate macadamia

lowers, But McConchie says that when

cona (stingless) bees pertorm the

same service, yields ean be up o 20%
I'he decimation of rainforeses in
cleared areas of northern NSW has

l'l'|.|l1l_ ;"'.lr'_ﬂl"l.i |\I.'l'~ SCATCe, .|||I.I :-('l.“l'LE.
aging trees may no longer be producing
enough seeds to perperuare the bees
E'Ii\.'ltlll‘h E:\'hl’.'\. ]I'I l?llLL'[ dlCAS '\.\l'-l.i\

surviving lorest remnants |I.II=H"|I| f.U!II-I
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In most commercial orchards, European
honeybees (above) pollinate macadamia
flowers. When native Trigona bees (left)
perform the same service, yields can be up
to 20% higher.

I'migona populations, a critical issue may be
the capacity of the bees to carry pollen
ll\_'l\\ CCn prate l:n,'». ol trecs.

'\ morg l]'l\.l'lill.l"_:l”:;\ H.l!_'.“ Is :lln.

discovery by Gross that the size and shape

of macadamia flowers varies I.u!1\1<|L!.Ih|}'

within and between populations in different

arcas. Some M. rerrapl trees have pink

rather than cream Howers. Such visible
traits are an indication of the hidden

venetic wealth tl breede
geneiic wedlth [Nat awalts Drecders

Populations found

Another discovery that demonstrares the

potential value of wild plants o a
commercial breeding program was made by
amarteur namralist Ray Jansen, In

1982, Jansen found a small,

isolated population of low-growing

[rees small nurs in a parch of

raintorest near Gladstone. The
Gl v

runt’ of the genus, M. jansenii

grows (o seven metres and

MeConchie belie

ves it could

Proy :I.l'.' L'.".'I'IL'\ for more I.lll]'.lP.ll.'[

cultivars. It may also help to
overcome a major limitation o the
expansion of Auseralia’s
macadamia industry: a \||1||l.1::_n. ol
suitable land.

McConchie says existing
|||..|\.L|!I.|.:||i.| \lII(l'..l.|'\ arc

EeMmperamire sensinve and L|n not
11

rrow well

in conditions above

30, M. is the most

/ fen

M. tetraphylla L.A.S Johnson @

ilUHliClifl' .E.'\i'li"\'nillf.\: ol lil'.' four ‘Ullllll.'lll'

crowing species (M. imtegrifolia, M

tetraphylla, M. ternifolia and M. jansenii),

.LIH.i ltlL'H.'iU[L IThady 1"':.' e tIL'.II liFJL'I'.LI!II. [|

culeivars could be bred with chis vreaie,

orchards could be established in more

nal areas further north,

M. jansenii could easily have slipped
into extinction before 1t came to the notice

of botanists. It almost certainly grew more

wig t'1} in the recent past MeConchie says
boranists have recently found rtrees with

features intermediate between M. jansends

and another macadamia species, M.
ternifalia, which ranges berween Brisbanc
and Gympie.

I'hese trees may be natural hybrids or
even a new species, McConchie says. Along

relatively thim-shelled nurs. they could allow

with M. ternifolia, which has sma

breeders to develop a peanut-sized
macadamia for the snack food and
confecrionery industries.

At the ather end of the scale, the
macadamias from tropical north-case
Queensland are E',i.m!\. I=-'-'--.'ri1:5; 30 or 40
metres into the rainforese canopy. Their
nurs are much |1|:__:l;;||,-l than those of the
southern species, none more so than those
of M. clandiensis, a recently described
\i"L'iik'\ from [|l|: lran H._‘.II_'_U,' north ol
Cookrown. M. clawdiensis produces nuts up
to six centifmetres in diamerer, withour a
hard shell

A macadamia minus its hard shell

would reduce the cost of processing, and

consumers mughe ke the wdea of munching
on a mandarin-sized nut, But McConchie

savs the gianr nurs are excremely bitrer and

toxic. A hirst, exploratory waste 15 usually

cnougn [ \1\'1\'1 l.ll'. !Il.JLlI'_'_IIL'\L jl::.ul.Llul‘
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dose. All species except M. tetraph and

W, integrifolia are presumed o have roxic

M. integrifolia Maiden and Betche

M. ternifolia F. Muell

M. jansenii Gross and Weston

M. whelanii F.M. Bail

Wild macadamia nuts vary in size and toxicity. A
knowledge of how to manipulate cyanide production
will help scientists to develop non-toxic cultivars in a
range of nut sizes,



Interspecific macadamia crosses. The Australian research team was the first to define which

species interbreed.

nuts .Illillfll].:]I (-I.l“\.'\ SV |]'I~I| -'.\l‘l”i‘l_;iFh"-

are reputed to have caren the very large,
bitter nuts of M. whelanii, probably after a
prolonged period of leaching in water to
FEIIOVE CYRnOgenic L‘|=||1th||||t¢|'\.
Macadamia planes employ a variety of
tactics to defend their protein and oil-rich
seeds Againse would-be [Ih'l.i.l!n!k While

many species are protected by the presence

of cvanide o [I[g][ I—.g]lu'l\. the wo \liJi"]t'

. y "
lamia species | M. sntegrifolia and M

maca

) have cyanide-free kernels which

they protect with a formidable physical
barrier; a tough, thick shell.

I'wo species from southern Queensland
(M. ternifolia and M. jansenti) seem o have
taken the middle road, preducing small
relatively thin-shelled seeds « |-||r_|'|m:1;1
il1\l|1‘1'|.:‘.| ||.'.|'[k o '._l'L.IIIh{\' |'!|' ‘-!'II.'I” ST
of their nuts may also be a subte dererrent
to predators, which would have to collec
and crack more nurs to make a meal

McConchie says desirable genes from

these species are readily accessible, because

r||..,\ |'-|'|I|I.||‘||' ‘\'\il'h I]|-" Wi :'allirlr SpeCies.
But none of the four Macadamia species

from north-cast Queensland hybridises wich

the southern species, reflecting their long

evolutionary 1solation. More advanced
}IIQLL||]|_'_: [;-\_i:”i\iu;\ I"Ilflrll'll may |H

1‘|ll"|tli

Cracking the cyanide defence

Universuty ol ‘Jm-c'n\i.aml prost L',r-':llll.lli.
student Adam Vivian-Smich, working in

McConchie's CSIRO laboratory, measured

levels of cyanide compounds in the seeds of

the four southern macadamias., (M

tntegrifolta, M. tetraphylla, M. ternifolia and

M. Junsenid) and of M. clawdiensis and M
/

whelanii from north Queensland, He
describes the huge, shell-free nuts of M
elaudiensis as “hypertoxic’, while the rwo
bitter-tasting southern species, M. ternifolia

and M. parnsensi, have lower cvamide levels

Ripe nuts from commercial hybrids and
their edible parent species are tree of

cvanide, In 1992, however. another post

:_'[.I.Lill.llL' ‘-[I]lll'.'lli "IUI]'I |Ill'.' University II!-

Queensland, Janelle Dahler, was surprised
to find that when the nuts are germinating,
they contain even more cvanide than the
bitter kernels of M. rernsfolia. Fallen nut
that absorb moisture then become bitrer
and inedible, and young seedlings have lugh
cyanide levels in their leaves

Dahler suspeces these species time then

cyanide production so that the genes switch

on only when the nuts are vulnerable o
predation: before the shell develops, and
when it is cast off during germination. Her
|L'\L'.|’L|L could |L|.|p reduce F‘IIHllhiIHll
losses due ro nurs rurning biner after falling
o ‘:1\ !:riﬂllll.’ HLL"\{ l1||['i~l;;\. » \ " |.I|1\|1'ﬁll|1
found that cvanide also accumulates in the
\']11'" .lr:|1 |H.I-|‘ II1-|i!L' -.'leu TS, hill 1NN an
the kernel, during the pre-ripening stage
while they are still green and solt,
Vivian-Smith savs thar plants other
than macadamias — including stone fruirs
such as Apricols and the l|~'i'l-.l| grain

\uT_-_:'ru:n] use a similar form of defence for

their seeds and leaves. Genes involved in

the cyanogenic pathway have been well

studied in sorghum, which also synthesises
a cyanide precursor molecule called dhurrin
in its shoots, The lirst key step tor the
praduction of dhurrin and  other
CYANOEENc .mnp.mn.h 15 catalysed by an
enzyme called a cyrochrome p450. Atrer
synthesis, dhurmn can be in turm cleaved by

L |n|1l.u1 0] I'|_'|'L' 15C

an enzvme called bera
the cvanide. However, most plant species
SLOTE CVANOECn i \ull'||‘u|1|1'|.'|-. in ditferent

tissues to beta-glucosidases to prevent large

If the cytochrome p450 enzyme could be
‘switched off', species such as Macadomia
ternifolia, with its small but toxic nuts,
would become edible.

scale release of cvanide. Therefore it 1s only
upon tissuc disruption thar cyanide 15
released in large quantities (such as by
chewing the nut), Macadamias and theis
relatives alse synthesise dhurrin and
proreacin (a closely related compound), as
well as possessing bera-glucosidases that
release their cvanide

Vivian-Smith says thar both the
cytochrome p450 and bera-glucosidase
l_'_r:‘u_‘\ h,]\';' "u':'ll i Iu!h'll trom 1![h|'1’ \I'h'l ICs,
such as sorghum and cassava, and could
serve as generid ]llniu'.» to isolate the
cquivalent genes from macadamias. 1f the
cytochrome p450 gene could be switched
off, it would block the cvanogensis
pathway, so that a species such as M
ternifolia, with its small bur roxic nurs
would become edible. The .'h.!”rn;_‘r would
be ro manipulate the gene so rhar it was
selectively silenced in the kernel, bur not in
the seed coar or outer husk, where cyanids
may be a valuable deterrent to insect anack,

Another possibility is 1o increase or alter
the actvity of the l"\.'l.l-:_:lll.\lJ\Iki.l\L BCNE, S0
that all the cvanide is released from the
p],uli & DISSUCs ‘l|1|1 dl-\[‘.'r\g'xi |'*c:nn the nur
ripens. A more conventional approach
would be 1o hybridise the edible specics
with the CYanogenic species, 1o vield non
cvanogenic hybrids with some ot the
desirable characteristies of the smaller.
inedible species. Whatever technigques are
adopred, the ourcome is bound 1o represem
a significant return on investment for

\ll\il.lll.ﬂ.\ i .J\1.il]|l-1 |||-IL|E"'I1\

More about macadamias
Dahler |M MeCaonchie CA and Turnbull CGN

11995} “jl,|,||'||||||,,|[|llll of cvanogenic

glycosides in the seedlings of three Ma adumin

(Proteaceas) specics luseralian fowrnal of
v Violume 4306 |-i_‘|.!"r.:",~.
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