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Table 1
PROJECTED NUTRIENT BALANCES (kg hai) FOR KARRI AND JARRAH FOREST

Nitrcgen Phosphotus Potassiun Sulphul Calciun Magnesium Comments

kani Kafit kafii kari

2S06' 1296b 10224 sscab 53$" 22@"

2@. flab 3a27" 11b 1027' 24Ab

24 60b 737" 353b 151', 182b

2a" 8b 396" gob 60" '2Ob

Storage

soal total

soil available

biomass

latter

NA NA 1718'

7439. 1s366 54"

249' 327b

224" Aab 7"

725b 6214" s861b

14b 471^ 110b

14b 264. 311b

2b 32^

Soilstoages ar6lor top

100 cm in jamh lor lh€

Lit16r a9€ 6 yoars (sinc€

TOTAL 7912  1911 17g9 6981 6290 3x8 14a2 151a4 7137 658r'' 2642

Inputs
atmospnenc
weathering
lixation

60.
NA NA

1ooo/e 1080et

306

8.

NA

366

NA

sood 6md 7@d 840d

900" 1080. NA NA

NA NA NA NA

900d 1 080,1 7@d a40d

6cD' 7N" 2@. 24o.

NA NA NA NA

For kari rolalion ol l0o y€ars
and jairah .otation ol 1 20 y€a6

W€ath6rin9 0.01 mm ol n6w
b46ms rocK pd annum

TOTAL 1050 1140 44 '| 400 7@ 1s00 1800 9@ 1080

Outputs

rte

drarnage

harvest

1242
nil

't 08"

480

nll

1 0 1 b

NA

1851

147.

80

4931

190

NA
529
550.

NA
1 188r
102a

NA
138d

NA

ntl

NA
n

104

NA

2161

90b

159
422

8a

NA

62"

Euming rotalion 6 yoaF in

204 | haj lo. kaiii 120 t ha' iol

1390 581 589 1078 67A 1290 1420TOTAL

Balance:
Inputs minus
oupuIs -340 559 2A 1068 1374 244 422 1122111 -340

Source

b.

c.

d.

e .

t.

h .

Hingston etat (1979) single red earth site table lll page 145

Hingston etal means of 13 siles in northem jarrah

Belland Barry (1980) and o'connell (1985)

l"lingston and Gailitis (1976)

Hingston (1977)

crove and Malajczuk (1980)

O'Connell and Grove (1986)

Hingston et a/, ('1982)

Grove et al (1980)

Loh et at (1983)
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Age
lyears)

Biomnss
t har

Nitrogen
kg har

reflected in the competitive advantage ofB. laidlawiana
over the non-leguminous codominant understorey species
Trymalium spqthulqturn. Biomass and nitrogen content
data for growth of these species over time is presented in
Table 2 from data in Grove and Malajczuk (1985).

Table 2
BIOMASS AND NITROGEN CONTENT OF KARRI

T]NDERSTOREY

For the projected nuEient balance in jr.rlah forest an
annual average input of 9 kg nitrogen has been assumed
(Table 1). As for kari such a projection over sp:rce and
time must be regarded as very approximate.

Nutrient Export

Export of nutrients can occur ihrough firc, drainage and
harvesting.

Losses ofboth nitogen and sulphur occur during fire.
Some loss of phosphorus and other nut-rients may also
occurbut this is not well documented. Litterandunderstorey
biomass contain the nutdent storages most vulnerable to
fire. Fire can range from intense wildfire to low intensity
controlled bums used for reducing fire hazard. The
consumption of fuels varies greatly within a burnt area.
These factors makethe estimation ofaverage losses owing
to ffte extremely difficult. There may also be a net loss of
nutrients in ash which is redistributed locally orregionally
by turbulence during fire. Evans et dl. (1976) reported that
up to 4 per cent of ash may be transported over long
distances in smoke plumes; the olher 96 per cent is
redistdbuted nearby.

Losses of nitrogen during fire in eucalypt forest have
been measured by Raison etal. (1985). They found losses
ranged from 50 - 75 per cent of the nitrogen in the burnt
fuel. The losses of sulphur may be smaller in proportion
(Raison er a/. 1984) but a factor of 50 per cent is used for
both nutrients forlow intensityprescribed burns and75 per
cent for the karri regeneration bum

The buming regime for ka.rri forest includes the initial
regeneration burn followed after age 20 by regular
prescribed fires on a g-year cycle to give some nine fires
over the nominal 100 year rotation. The regeneration burn
is assumed to consumeall biomass and litter not haflested
(although this would rarely happen). The nifogen storage
is 473 kg (biomass plus litter) less 108 kg (haryested
bolewood), 75 per cent (i.e. 274 kg) of which is lost.
Similarly for sulphur there is 52 kg (biomass + litter) less
8 kg (bolewood), 75 per cent (i.e. 33 kg) of which is lost.
The loss owing to prescribed burning is 1008 kg nitrogen
(50 per cent of 224 kg nifogen in litter x 9 bums) and
126 kg sulphur (50 per cent of 28 kg sulphur in litter x 9
bums). The total losses are 1282 kg niFogen and 159 kg
sulphur (Table 1).

In jarah the burning regime does not include an
intensive regeneration bum, and prescribed burns are on a
6-yearcycle giving 20bums overa 120 year rotation. Total
losses of nitrogen are 480 kg (50 per cent of48 kg for 20
fires) .For sulphur,losses are 80kg (50 percentof8kg for
20 fires) .

4
30
a A

l . - - )

tz.7
12.3

4
8

1 1

14
103
t29

n. B.l is Bossiaea ldidlawiana
b. T.s is Trymalium spathulatum
(from: Grove and Malajczuk 1985)

O'Connell and Grove ( 1986) found that the envtonment
within moist karri litter favours non-symbiotic fixation of
nitrogen, and estimated rates of 2 kg ha-r annually.

To project arotation length nutrientbalance an annual
nihogen input of 10 kg ha'' has been assumed (Table 1).
It is stressed thatthis integration overspace and time must
be considered very approximate.

In jarrah forest a greater diversity of legume species
occurs and other non-legume nitrogen fixing species are
also more numerous. The jarah forest has also attracted
more research work. Some discrepancy between nitrogen
fixation rates for the same species has been reported by
different workers. Hingston et.zl. (1982) reported rates of
7 kg har for a dense young stand of Acacra pulchella,
whereas Hansen et al. (1987) repoded the same species
averaging less than 1 kg harannually over six years. The
explanation for this discrepancy may be in pfft the
difference in density, age and size ofthe stand but it may
also reflect the capacity of jmah forest legume species to
opportunistically utilize soil nitrogen, orconversely, where
conditions are favourable, to fix very large quantities of
nitrogen. For example, in rehabilihted bauxite pits in the
jarrah forest local legume species dominate the early
stages ofrevegetation which, with generous application of
phosphorus fertilizer, can produce up to 100 t of biomass
and increase the nifogen in the system by 207 kg ha''
annually over 5.5 yeals (Koch 1987). Nitrogen fixation
rates ayeraging 6 kg ha-r annually have been reported for
a stlnd of Macrozamia reidlei a-engtng 0.14 plants per
metre (Grove e, d/. 1980).

No data on the nitrogen input from A//ocasuarina ue
available. Non-symbiotic fixation in litter is less than
1 kg hai annually (O'Connell and Grove 1986).

z.l
r7 .5
23.7
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AbbottandLoneragan (1986) havc reviewedthe impact
offertilizer application on the growth ofjarrah. Responses
to nifrogen and phosphorus by jarrah seedlings grown in
pots havebeen extcnsively documentcd. However, evidencc
offertilizer responses by jarrfi in the lignotuberous stage
in the forest is lacking. Increased growth rates in polJ

stands of jarrah have been documcnled following the
application of nitrogen, or nilrogen ir combin{rtion with
phosphorus and potassium, the rcsponses being greatest irr

thinned stands (Kimber unpublished, quoted by Abbott

and Loneragan 1986). The greater rcsponse in thinned

stands is consistent with thc hypothesis that iI other non-
nutritional factors (in this casc water) are constraining
growth, then responses to fertilizer will be limited. Currently
no operatioral fertilization is canied out in the jarrah

forest. However, conside ng the inherent infcrtilil.y ofthe
soils ofthejarrah forest, thcrc may be scope to improye the
growth rate of jarrah, particul ly in the higher rainfall
areas, either during the mrly stages ofgrowth or folbwing
thinning.

Scedling karri respond to nitrogen and phosphorus both
in pots (Loneragan and Loneragan 1964) and in the field
(Christensen 1974). Nifiogcn and phosphorus arc applied
atplanting to all karri seedlings plantcd in areas regeneratcd
foltowing clearfcll ing. Responses lo nitrogen and
phosphorus and a large positiye interaction betwccn
nitrogen and phosphorus have been demonslrcted for kari
during the developmcntal stage of the forcst (Attiwill's

firstgrowth phase) by Grove (1988). Although the response
by karri to application of fertilizer following thinning has

been studied in two separate experiments (Inions 1990),
the design of these experiments precludes any defirite
conclusions being made about the possibil i ty of the
responses to nitrogen and phosporus being commercially
significant. It is likely lhat wood production can be
significantlyincrcasedbyapplying nilrogen andphosporus
feflilizcrto karri duIing the establishmentand development
phascs, and following thinning.

CURRENT FERTILIZER RESEARCH
IN JARRAH AND KARRI FORESTS

Departmental research into the nulrition of these fbresls
consists oftwo projects examining the interaction bctwcen
stand density (thinning) and lcrti l izer response. The
experiments in thejarrah and klrri lbrests have commenced
and involve lhe monitoring of forcst growth and tree and
soil water relationships.

ADDITIONAL RESEARCH
REQUIREMENTS

The maior areas where insulficient information exists are:

I Quantification of fertilizer response during the
erlly growth of jarah (from lignotuber to pole

stages and kafii seedlings to canopy closure).

2 Extcnsion of the later age fcrtilizer experiments in
jarrah and karri forests to a greaterrangc ofsites so
thrt the range of responses to lertilization can bc
determined (i.c. determine the impact of climate,
soil type and sland development on fertilizer
response).

3 An undersianding ofthe processes ofnutrientcycling
andthe impactoffe ilization on these processes in
both tbejarrah and karri forests. This would enable
the dcyelopment of efficient fcrtilization practices.

4 Dclcrmine the impact of fcrtilizalion on fuel loads
ir tbrests.

5 Detcrmine the impact of ferti l ization on the
occurrenccof herbivorous and wood boring insects.

6 Defermine whethcr the natural processes of
regul:rt ion of thc nitrogen economy in karri undcr
prcscribed burning are adequatc to maintain the
nilrogcn stalus of the forest and whethcr it can be
improved with phosphorus fcflilization.
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