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SUMMARY
The effects on plant health and growth resul.ting

fron inoculation of Pinls pinaster Ait. seedlings with
Phytophthora cinnamotfTlfiG-i6iE-investi gated. under a
range of nutritional and watering regines,

The total height, shoot weight and total weight of
yormg seedlings were depressed and nortality increased
during the second growing season, particularly where
phosphorus aad nitrogen were deficient. 0lder
seedlings were not affected by inoculation,

The effects of the nutritional and watering regines
on the seedl"ings were greateL than those of the
pathogen.



INTRODUCTION

Pinus pinaster Ait. is an inportant
tinber species in Western Australia and
extensive plantations have been
estabLished on the sands of the Swan
Coastal Plain. This species of pine has
also been used to reforest areas of the
j  arrah (Eucalyptus narginata Sm.) forest
infected by the soi l  pathogen
Phytophthora cinnanoni Rands (the cause
of jarrah dieback disease),  P. pinaster
has grown successfully on the:;;IT;;-
for 20 years.

P. cinnamoni has, however, been
associated with dead and dying nature
P, pinaster in shelterbeLts on irrigated
al luvial  soi ls of  the plain.  Tr ials by
Batini and Podger (1968) showed that the
root development of seedlings inoculated
with the pathogen was poorer than that of
seedlings which had not been inoculated,
Seveae cortical rotting of roots was also
observed. Further pot trials were
therefore set up to investigate the
effects of inocuLation on the Daraneters
of plant growth ard health under a range
of nutritional and watering regines.

TRIAL I
METHOD

Species -  P. pinaster (Leir ia strain),  8
nonths old at  the f i rst  inoculat ion.

So'i.L - Sand-Ioan nix (3:11 in 9 I buckets,
The mix  was s te r i l i sed  y i fh  rnc thv l
bronide "

fnocuLati,on - fn autrnm ald then in
spring with pure cultures of P. cinnanoni
grown on pea sucrose agar (1. S. eJl--
Contnol  pots received P"S.A. only.  The
trial was closed 12 months after the
autunn inoculation.

Nutt:ition - Fron 4 nonths prior to the
autunrn inoculation, half the buckets
received fortnightly applications of
rrAquasol" (see Appendix 1) rnixed with
water to the recomnended concentration.
Ferctiliser application was discontinued
after the spring inocul ation.

Water'l,ng - The pl"ants received norrnal
amomts of water until the spring. One
series was then kept saturated by
naintaining a 5 crn watet table in the

bucket, whilst for the rest of the
seedlings, watetr was gradually reduced
rmtiL, by early suruner, watering
consisted of saturating the soil arld
then al lowing i t  to dTy to wi l t ing point .
A11 water was applied frorn above to
encourage sporulation and to allow
migration of the zoospores.

Layout - 2 x 2 x 2 factor.ial, with 6
replicates arrd 6 seedlings per bucket.

RESULTS

Inoculation with p. cinnamoni did
no-t significantty aff6ET@lli6neter
of plant growth or health. Verv few
seedlings died during the trial.

The effects of the nutritional and
watering regines on the stardard
parameters of plant growth were narked.
l{}rereas seedlings responded positively
to nutrition under both moistut e regines,
high levels of soil noisture induced
positive responses onLy in the fertilised
tleatnents. Results obtained for sorne
paraneters are shown in Table 1.

TRIAL 2
METHOD

Species -  P. pinaster (Leir ia strain),  32
rnonths o1d-E?-EfrETIFst inocutation,

Tredhnents - Soil, inoculation, nutrition
and watering were the sane as in TriaL l.

L a y o u l ; - 2 x 2 x 2 f a c t o r i a l  ,  w i t h  6
repl icates and 1 seedl ing per bucket.

RESULTS

_ - ,  I n o c u l a t i o n ,  w a t e r i n g  a r d  n u t T i t i o n
d1d not  s ign i f icant ly  af fect  any parameter
ot  p lant  g lowth or  heal th  r t  r ino rha
triat. i lon" or in"-.""Jri"er"5r"i.

TRIAL 3
METHOD

Species -  P.  p jnaster  (Lei r ia  s t ra in) ,  6
nonths o ld at  the f i r  s t  inoculat ion.

SoiL - Lateriti c gravel which had been
collected fron healthy forest, screened
through a 6 nm nesh, and steam-
ster i l ised.  1800 g of  so i l  was weighed
into each 15 cn pot .



Treatnent
Height

increnent
f cn)

oven-dry weights Stat ist ical
populations

f p  <  0 , 0 1 )
Shoots Roots Total

(e) (e) (el

Fert i l ised,

noisture

Fert i  l ised,
fluctuating
soil noisture

Unfertil.ised,
fluctuating
soil moisture

Unfertil"ised,
high soi l
noisture

6 3 .  0

4 7  . s

2 4 - 5

z0 .4

1 5 4 . 0  4 2 . 0  1 9 6 . 0

97 .7  25 .8  123 .5

5 8 . 6  1 3 , 7  s 2 . 3

3 4 , 6  1 3 . 3  4 7  " 9

TABLE 1

Mean height incrernent (after 12 nonths)
and nean oven-dry weights of P. pinaster under

various nutritional and waf6ili!'TEllnes

InoeuLati.on - In two successive springs
with pure cultures of P. cinnanoni grown
on P.S.A. ControL pots received P.S.A,
on1y. The trial was closed 18 nonths
after the f i rst  inoculat ion.

Nutri.tdon - Nutrient arnendnents were
begun 3 nonths prior to inoculation.
NutTients were applied fo"tnightly as
aqueous solutions at the rate of 100 n1
per pot.

The 6 major elenents (nitrogen N,
phosphorus P, potassiurn K, calciurn Ca,
magnesiurn Mg and sulphur S) were
incorporated in a subtractive trial
based on a full nutrient solution (Meyer
and Anderson, 1959), to give 8 treatnents
ranging fron rrfullrr to rrnilt'. The
conposition of these nutrient soLutions
is given in Appendix 2.

tlatez,ing - The freeLy drained pots were
watered daily after each inoculation to
encourage sporulation and to a1low
zoospore dispersal. During the winter
nonths, water was applied as necessary.

Lcryout - 2 x 8 factorial, with 4
replicates and 6 seedlings per pot.

RESULTS

Five nonths after the connencement of
nutrient anendrnents, the seetllings in the
rrninus phosphorustr and rrnil't treatnents
were significartly smaller thar those in
all other tTeatments, and sone were
dying. Three nonths 1ater, the leve1 of
nortality in these.two treatments was
significantly higher than in all other
treatrnents .

During the second growing season, 13
nonths after the cornmencenent of nutrient
amendnents, the height of seedlings in the
rrninu3 nitrogenr! tleatnent was
significantly depressed. Mortality
increased so that by the enal of the trial
there were significantly fewer live
seedlings in the ttninus nitrogenr', rirninus
phosphorus" and rrnilr' treatnents than in
the five treatnents fertilised with both
phosphorus and nitTogen, where nutrient
amendrnents did not significantly affect
sun/ival or any parcameter of growth.

Inoculation with P. cinnamoni did not
affect rnortality unti I-TEE sEEffil
growing season (Fig.  1).  By the end of
the trial, inocuLation had significantly
increased mortality and had depressed
total height, shoot weight and total
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weight. However, root weight and foliar
levels of nitaogen, phosphorus, potassiurn,
calciun, nagnesiurn and sulphur were not
affected. The effects of inocuLation on
nortality were less narked in the
treatnents fertilised with both nitroqen
and phosphorus (Fig.  2).

Total soluble salts (per cent) and pH
of the soil were not affected by either
nutrition or inoculation.

In all three trials, P. cinnanoni
was readily isolated whei-T66tl-Ti6i'
inoculated seedlings were plated onto
3P agar (Eckert and Tsao, 1962); no
isolations were obtained fron the controls,

DISCUSSION
In Tr ial  I  [ the fert i l iser x water

interaction) , the seedlings responded
favourably to the fertiliser, and in the
series where soil noisture was not
lirniting, positive growth response was
even nore marked.

A nitrogen x phosphorus interaction
fo" both height and moatality was observed
in Trial 5; of the two, phosphorus
deficiency was more detrinental . Clearly,
the lateritic gravel soil was unable to
supply either of these elenents in
quantities sufficient for satisfactory
growth of  P. pinaster.  In contrast,
however, iT-!E lGa1atciun, potassiun,
nagnesiun and sulphur in quantities
sufficient for the plantsi growth.

fn those nutrient treatnents where
pine growth was poor, nortality was high
in both the inoculated ard the control
pots. Plant decline was first obseryed
as a scorch to the tops of the seedlings
and the tips of the needles. After a
considerable period, these seedlings
died. They r1'ere distinctly purplish in
coloua.

Where seedling growth was nore
satisfactory owing to fertilisation with
nitrogen and phosphorus, mortality in

l 0

120 160 200 210 280 3 2 0 400 410

F I G U R E  1 :

Time a f  te r  inocu la t ion  (  days  )

Cumulat ive morta l i ty  of  inoculated P.  p inaster  seedl ings (Tr ia l  3)

360



30

20

E

o

L E G E N D

lnoculated

Contro l

r50

( + N P )
( -  N ,  - P , - N P )
( + N P )
( - N , - P ,  -  N P )

r 00 200 250 300 350

T ime a f  te r  inocu la t ion  (  days  )

400 450

both the inoculated and the control
treatrnents was rnuch lower.

However, the death of these seedlings
was nore rapid.  Dead tops and wi l t
were conmon symptons, ard were followed
by death. Since total soluble salts and
pH were not significantly affected by
nutrient amendments, death cannot be
ascribed to a change in either of these
factors .

The synptons suggest that
physiological drought caused by poor soil
aeration contributed to seedling
rnortality. The pots were watered
frequently after each inoculation, and
moisture sanpling indicated that the soil"
was naintained consistently above field
capacity; furthermore, the poor growth

in sorne treatxnents prolonged the period
during which the soii. renained moist.

No significant effects of inoculation
were observed until the second growing
season (Tr ial  3).  At th is stage,
nortality occurring as a resuLt of
inoculation was greatest in those
nutrient treatnents where plart growth
was poor. With older seedlings, however,
no significant effects of inoculation
were observed during the year following
inoculation. In Trials 1 and 2, where
height growth, shoot weight ard total
weight were slightly depressed by
inoculation, significart differences
between the two inoculation treatnents
and their controls nay have become
evident if the tlials had been continued
for a further growing season. It appears

FTGURE 3: cunulative nortality of inoculated P. pinaster seedlings under various
nutritional regirnes (Trial 5)



that a single seedling per bucket (Trial
2) was not enough to provide for
statistical significance owing to the
considerable variation in seedling
tesDonse.

CONCLUSIONS

The results indicate that
P. cinnanoni nay affect the growth and
survival of P. piriuister seedlings on
sites ecoLogically suited to the
deveLopnent of the frmgus. On these
sites infection could resuLt in
decreased growth, Little-leaf disease
or death of seedlings.. However, in any
extrapolation of the resul.ts of pot
trials to the field, it nust be
recognised that in pine plantations, soil
tenperature and noisture are less
suitabl.e for the developnent of
P- cinnanomi (Shea, 1975) thar are pot
soil. conditions.

The select ion of  a sui table si te,  s i te
amendrnents such as draining and fertilisea
application, and effective silvicultural
techniques are all inportant in assuring
the successful establishnent of
P. Dinaster on sites affected bv dieback
disease. In addition, appropriate
silvicuLture nay help to ninirnize the

effects of the fimgus in highly
suscept ible areas.

-. - Observation of P. piriaster plarted on
dreback sites has indicated that
P. cinddloni is only one of a range of
envlronmental factors which affect the
survival and growth of the pines, and it
is interesting to note that in two of
the t"ials, the effects of nutritional
and watering regines on the seedlings
were gaeater thar the effects of
inoculation.
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APPENDIX 1

I'Aquasolr is a water-soluble conplete fertiliser. Its conpositlon is as follows:

as

rnono- amnonium phosphat e

potasslun nitrate

utea

phosihate

2 . 0 %

6 . 0 %

12.0"6

20.0e"

5  .0%

18.0e"

0 .05%

0.06e.

0 .  0 0 1 5 %

0 . 40e.

0 . 1 s %

0 . 1 2 %

o ,012e"

0 . 1 8 %

4llalEi: ,  N.P.K' rat io 20:5:18

Nitrogen (N)

Nitrogen (N)

Nifrogen (N)

Total nitrogen (N)

Total phosphorus (P), water-soluble as mono-arnrnonirur

Total patassiun (K) as potassiun nitrate

ZInc (Zn) as zinc sulphate

Copper (Cu) as copper sulphate

Molybdentm (Mo) as sodiun nolybdate

Sulphur (S) as sulphates

Manganese (l'h) as murnganese sulphate

Iron (Fe) as sodiun ferr ic E.D.T.A,

Bqron (B) as sodiurn borate

l{agnesiun (Mg) as magnesiun sulphate



APPENDIX 2

,  , - . . ' - : : .  ,  i . . .  /  , _  . . r _ - , , , , r  1 . . . , : . : ; : ' .

The conposition of the fulL nutrient solution used in the
pot triaLs follows that of the "thfee saltrt, solution tth.fch r,
was originally proposed by Shive and which is discussed in
Meyer and Anderson (1959),  Chapter 25: . . . ,  , '  . - , . : ;1 . r ;  ,  i  '1

lM MgSO4,7Hr0 z . J  I n t ' t

4 . 5  r n l  . 1

2 . 3  . \ L ' r  '

lM ca(Nou)r.4Hr0 .

lM KH2PO4

' l

Nutrient anendnents were nade as foLlowsi

Minus ni t rogen: Ca(N0-)-  replaced bv lM CaCL^5 ' 2  - -  - - - - 2

Minus phosphorus: IG2PO4 repLaced by lM KCl

Minus potassiun: IG2PO4 replaceil bf lM NaHrpOn.2H2O . ..

Minus magnesiun: MgSO4 replaced by lM NarS04., ,

Minus sulphur: MgSO4 replaced by lM MgCJ.r.6IirO.. .

Minus calciurn: Ca(NOr), rep1aced by lM NaNOU

' ,  : .  r  j ; , .

t , .


