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RESEARCH UPDATE

Growing pine in the Donnybrook Sunkland

What species grows best?

0f the specien which have been grown in the Sunkland, P, radiate
verforms the bent (244.1); but only if it is fertilized regularly
(McGrath; 1978b), All the pine ypecies which have been tested
require fertilizer applications for successful establishment (244.1).

P, pinaster, P, taeda and probably P. elliottii and P, serotina do

not, however, have the same requirements for continuous high

inputs as does P. radiata (244.52, 244.53). 4As well, the Aiability

of P, taeda and P, elliottii to tolerate wet conditions, and

Ps pinaster - dry conditions, means these species have some

applications in the Sunkland,.

What nutrients are limiting?
Phosphorus, copper and zinc are imperative for the establishment

and growth of P. radiata (244,94, 244.6). Additional growth benefits

have heen gained by applications of inorganic nitrogen (244.14). ILow
s0il levels of phosphorus, nitrogen and zine (McGrath, 1978a, 268.1)
substantiate the need to apply these nutrients., The native
phosphorus levels are 1/10, and the nitrogen levels %, the levels

conaidered necessary 4o succesafully grow P, radiatae.

Manganese was once thought necessary, but this is now known
not to be the eagé (244.50)s No growth responses have been

obtained from applications of sulphur (244.47) and lime (244,18).

Nutrition Stnategies
The development of a nutrition strategy has been bazed on the

premise that the soil levels of the essential elements for pine
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growth need to be permanently improved.

Responges to repeated applications of phosphorus and
nitrogen have been obtained in the Sunkland (244.49). Operationally
the first nutrition strategy involved thé use of an NP fertilizer
{("Agras®) and zino and copper-sulphate sprays. Init.al growth was
good, but was difficult to sustain.

Early in the 1life of the Sunkland project, seversal

tagroforestry! plots were established. Here, P, radiata was

established into a clover sward which was fertilized regularly
with 'Super's The better growth and health of these 5-year—old
trees, compared to those receiving 'Agras' (244.55) prompted the
adoption of this regime on an operational scale in 1979.

Tha soil levels of nitrogen and phosphorus have not been
improved above native levels with the 'Agras' regime (268.1). The
nitrogen in 'Agras' is rapldly leached and the small amount of
phosphorus would contribute 1ittle to fhe total fertility of the
“site. 'The 'Supér aﬁd Ciovér' regiﬁé haé fésuitéd in mérkediy.ﬁ'
improved soil levels of nitrogen to a level ﬁhich should sustain

P radiata., There has also been a 400% increase in the level of

total phoephorug, although not to a level generally considered optimal
for pine growbh. . y e .
The *'Super and Clover' regime resulits in higher levels of
phosphorus, copper and zinc in the foliage compared to those
achieved with th% tAgras! regime (264.4). The foliar levels of
nitrogen are inconclusive, being apparently marginal in both cases.
Foliar analysis is'not, howavef a raliable indicator of the nitrogen
status of a trea,
Avplications of nitrogen, phosphorus, copper and zinc are

requirsd to establish P, radiata regardless of whether clover is

present or not (244.5 }e Once estadblished P, radiata can make use

of the nitrogen fixed by the clover and applications of phosphorus

only are required (242.1?), Two distinct phases can therefore be
Vi)



identified:
- gatablishemnt

- maintenance (re-fertilizing)

Fertilizer to establish P. radiamta
Phosphorus |

The-optimum rate of phosphorus varies with soil type, and appears
to be relatad to the phosphate adsorption capacliiy of the soil
(244.9). At 1éast 225 g/plant of "Super™ should be applied on =all
soil types, While the optimum rate of application is higher on the
loams than tﬁé lighter msoils, growth is also greater, The
optimum is 450 g/plant on loesmy soils (244.,9),

Phosphorus is best applied a4 "Super™ or Triple 'Suﬁer'
(244,.,19) rather than biosuper or rock phosphate (244.16, ) and
as 8 spot application (244.2), Mound (244.15), line or broadcast
(244.,4) applications are inferior methods,

Nitrogen
Even when P, radiata is established with clover, it is of

. advantage to apply an inorganic nitrogen fertilizer at establishment
(?44-5 5. Nitrogen should only be applied with phosphorus (244.17)
a8 it can otherwise depress growth, Ammonium and nitrate give
better growth and survival than ures (244,14, 244,19). Slow
release fértilfzers such as "Osmocote" are not an economice option
(244.51) in providing either nitrogen or phosphorus,

The optimum ratio for the Sunkland of N1P is 112 (244.46, .21).
Given that at least 20 g/plant of phosphorus (22%g 'Super') is
optimum, approximately 10 g/plant of nitrogen should be applied.

235 g/plant of a 311 mix of "Super CuZn'A'"i'Agras No.1' gives this
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amount in the correct ratio. bhia should be buried 10-1%5cm from
the pine (244.21).

Zino and copper

Where no nitrogen is applied at establishment, adequate zine :
and copper are available to the pine from the early applications of
Supsr CuZn (spot and broadeast) (244.24), Super CuZn'A' has
higher levels of zinc and copper and gives better levels than
Super CuZn'B',. The increassed growth resulting from the proposed
applicatiqn of nitrogen may induce zinec and copper deficiencies,
The health of the trees needs to be monitored and any defioclencies

corrected with zinc and copper sulphate sprays.

Re~fertilizing P. radiata (maintenance)
" Phosphorus

Super- L8 better than rock sulphate (244.9, 244.36, 244.37) for
re~fertilizing P. radiata and should be applied every two years

at a rate of at least 200 kg/ha (244.9). Applications should
continue until canopy closure occurs, and after thinning. It may
~even be hecessary to fertilize in the years prior to thinning given
the low levels of soil phosphorus which have been achieved (268.1).
Nitrogen

At least to.afe 4 years there is no growth response (242,1) to

the nitrogen fixed by the clover (80 kg/ha/year to nge 5 years)
(268.1)s However, needle length and colour is improved (242.1)

and 80 improved growth in the long term could be expected, The
leck of resyponse in the short term may be due to competition between

the pine and the clover and also nitrogen in organic form may not
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be immediately available to the rine., The application of
inorganie nitrogen will sustain the pine for 2-3 years (244.1).

By this time the rine will be making use ;f the nitrogen fixed by
the clover, with weed control the loas of growth from competition

betwecn the pince and the clover could be minimized (232,7).

Zine ang copper

Where "Super cuzZn® is applied at establishment, re-applications
of copper and zing are not required for at least 3 years (244,24),
With an application of nitrogen at °stablishment this will nedd
to be monitored espeainlly on the grey sands where applied zine
and copper are not 8% readily available as on other soil types

(244,28),

Fertilizer to establish and maintain”?. taeda
‘The optimum rate of phosphorus for establishgent is 18,2 g/tree
(200g Superphosbhate) (244.10).  Zine ang copper applied with
Super are of benefit, although there is no response to foliar
Sprays of zine and copper sulphate (244,26), 1In contrast to

P, _radiata the response to "Agraa" is less than to Super, suggesting

P, taeéa does not have the Same nitrogen requirement as does

P. radiata (244,26), Refertilization is not necessary at least

until age three years (244.10). Even then, there is only a
slight response to réfertilization with "Agras No.1", the
ortimum rate being 400 kg/ha (244,53),

Fertilizer tb establish and maintain P, pinaster

The optimum vate of phosphorus for estsblishment is 10,3 g/tree
(113g Super) on yellow sends (244.11), 4 larger amount may be
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optimum on the grey sands on which P, pinaster is being established.

There is no response to s0lid or foliar applications of zinc and
copper, even on grey sands (244.25)., "Agres" adversely affects the

survival of P, pinastexr on grey =ands (244,25).

P._pinsster responds to broadoast applications of Super (244.25,

244.52) while "Agras" gives only a small response between 200-~400
kg/ha and depresses growth at rates above this (244.52).

Fertilizer to establish P. elliottii

There 1s a greater response to 150g Super than 100g “Agrss No.1"
and no response %to s0lid or foliar applications of zinc and copper
(244.27).

There have been no studles of the refertilization requirements

of P, elliottii.

The initial phosphorus reguirements of P, taeda and P. pinaster

are well defined. The requirements for zine, copper and nitrogen

are less defined as is the case for all nutrients with P, elliottii.

It may be prudent to apply the 3:1 Super CuZn'A'tAgras No.t mix
to these mpecies, as well as P, elliottii, the rate being in

relation to their requirement for phosphorus. The phosphorus .

requirement of P, elliottii is probably slightly less than that of

P, taeda.
In practige, Hue to the small, and isolated nature of the

areas bheing plantgd to these pecles, it may be necessary to apply

the same refertilization regime as for P. radiata.

Clover establishment and growth
fhe oultivars which perform well in the Sunkland are
Trikkala, Larissa, (T, yanninicum) Seston Park and Mount Barker

(T+ subterraneum), Esperance performs only moderately well (268.2),
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There may be potential for perenn;al olovers on wetfer areaw;

especially if grazing is to occur, All these cultivars are

adversely affected by shading, and sll to much the same extent (268.3).
500 kg/ha of "Super CuZnMo2" is recommended by the

Department of Agriculture for the establishment of clover. An

application of 400 kg/ha of "Super" is mquired in the next year

(244.,28), Thereafter, the blennial applications of 200 kg/ha

"Super" being applied to sustain pine growth are also adequate for

the clover.

The clover sward Geclines after 4=5 years, presumably dus

to the closing of the pine oanopy.

Clover can be established the same year as the pine, or a
year later without affecting pine growth or survival (232.5).
Planting pine into a one year o0ld sward of olover reduces the
growth of the pine by 20% (232.6)s. This is probably due to
. weed. competition (232.7) which cen be avoided.

Site preparation
When establishing pine in the Sunkland i% is advantageous

_to disc plough and mound (232.2, +3, 46, +7)s. The largest
response, in both growth and survival, is to mounding (232.6).
The response to mounding is due %o a number of factors, including
weed control aeration of soil and conecentration of nutrients.
The timing of clover extablishment (one year before, at, or after
planting) does not greatly influence the relative response to
ploughing and mounding (232.6, .7). Double ploughing may reduce
sorub regrowth, especially on the grey sands where root stock
species and rusher are common,

Draining is of some benefit on lighter soils, but should
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be used in combination with modnding, not as an alternative
(23242, +3)s

No intensive studies héve been made into the effects of
rivping.

However, there was no growth response or improvement in
stability by ripping through a lateritic layer lying 50cm undexr
loamy sand (232,8). Preparation; using a winged ripper to give
a larger shatter zone would cost at least $200/ha.

Control of competition .
Pine growth can be restricted by competition from annuals

(eg clover) sorub and eucalypt coppioce.

Annuals

Pine growth ocan be improved by 204 by applying a 'Vorox!
spray aslong the mound when planting into established clover
( 232.7)¢ 4Yha is adequate, but should be increased to 6 1/ha
where rye grass is present, When olover is established with the
pine; or one year later, there is no response to an spplication of
*Vorox' at planting (232,5)s This may, however be a refleftion of.
the poor vigour of the ¢lover swafd and weed control may be
warranted where a vigorous sward has been established., It may
also be worth while to spray alohg the mound one year. after

the pine is planted to eontrol the re-colonisation by clover.

Scrub
Controlling sorub by a broadcast spray of 'Velpar' has resulted
in an incresse in pine growth of 25% after two years (243.3). Many

methods of coﬁtrolling scrub have been tested and the integration
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of saeveral tachniques'ié probably necessary.

(L)  Grazing of a heavy clover sward
‘Serub does not appear to persist when a heavy clover sward
ig established, Sorub can be further reduced by grazing
and this is the major advantage of clovering prior to
planting the pine,

(£44) Ploughing
Intensive site preparation may control scrub prior to
planting pine. Double ploughing; especially of grey sands
where root stock species are prevailent, has been successful,
After the pine is established, interrow cultivation can be
used to treat affected areas, Blade ploughing (Hrrwood
Bagshaw. with coulter) is = morelVersatile method than disc
ploughing (243 )« The machine is cheap and manoevierable
being on the 3 point linkage, Further the clover sward
is probably not disturbed to the same extent. | |
Slashing does not seem to be a very successful method of
control (232.6).

(i44) Herbipides

- Serub -could be cont;olled b& g broadecast application of =&

herbicides "Roundup™ could ba.applied a8 a broadcast spray
in the summer prior to the_pine being planted. Once the
pine is planted the risk of damage to pine, or oclover,
precludes*the use of the herbicides which have been tested

(243.8).

Eucalypt coppice
Alternatives to the use of 2,4,5-T for Eucalyptus coppice

control have been sought, This has lead to the extensive screening of
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other herbicides and teéhniques of application. The most effective
technique developed so far is the 'Roundup' foliar sapray.
Application of a 1115 solution of 'Roundup'iwater to the foliage
of 6 month old coppice results in a 95% kill, Jarrsh is slightly
more tolerant than marri. For older coppice a cut stump
application of 1:10 "Roundup"twater solution gives acceptable
leviﬁs of control,

Formulations of triclopyr with picloram applied in similar
wgys to 'Roundup' are as equally cost effective (243,9). As yet

they are not commercielly available.

Pruning

The objeoti?es of pruning are to remove branches whilse they
are still less than 3.5om dlameter and the stem diameter at the
whorl is 10-12cm diameter,

Pruning deées result in a reduction in the growth of the tree
as a result of removal of the green crown ( Yo Growth of the
pruned tree is further reduced if there are unpruned trees
surrounding it (Fremlin, 1981, 264.2)e In a stand of 1100 stems
per hectare where 350 sph were pruned to 2,1 metres, 704 of the.
pruned trees had lost dominance four years after treatment. When
a siﬁilar proportion of thees were high pruned, 25% of potential
diameter growth was loat one year after %treatment (.264.2);

Pruning to a‘certain height results in small trees being
overpruned (reduced growth) and large trees being underpruned
(large knots and knotty core)s, Pruning to a certain dimmeter
up the stem would give a regular sized knotty core for all trees
and should maintein the competitive advantage between trees,

To reduce the growth losses resulting from selective pruning
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it would be neoeséary-%o either prune the whole stanéFgﬁm%ggévggggg
non=-crop trees and hence reduce the competition with the pruned
ocrop trees. ‘

Thinning

The current thinning schedule which has been proposed for the
Sunkland involves thinning the stand from epproximately 1100 sph
to 250~350 sph at age 12 years. Two S.4metre lengths would be
removed per tree, For an operation to be economically viable it
is considered necessary to harvest 60-~80 m3/ha. This volume will
be achieved from those arems of the plantation which have
received the *'Super and Clover' regime (264,2) and the best of
the areas fertilized with 'Agras' (251.1)«

There are disadvantages with this regime, Growth of the crop
trees is reduced in dense stands (242,2) and potential growth is
further reduced by selective pruning (264.2), Non-gommercial
thinning holds & great deal of promise for improving the economics
of growing pine in the Sunkland, 'For_example, by oculling to the
sawlog orop at age 6 yeara the volume of the crop trees déan be
increased by 25% over a stand of 1150 eph (242.2). There was an
ingreaae in branch size, Results of the New Zealand Radiate Pine Task
Force showad'improvements of this magnitude in the growth of orop
trees produced a greatef economic return than could be achiewved

by thinninge. I't was also shown that while early thinning lead

to greater branch: growth, this wae compensated for by the inoreased
log size. - | |

Given the current committment to provide partiocle~board from
e first commercial thinning it, tnfortunately doesn't appear

feasible to adopt a sawlog regime, However, it is'pobsible to
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wi reduce the oompetit@on on the cr?p trees by N.C.T. and earlier
commercial thinnins. A thinning, in which one 5.4 metre length
per tree were extracted would yield aﬁpfoximately 50 m3/ha at age
10 years (264.2). By extracting 2.7 metre lengths, thinning
could be carried out a further two yéars earlier than this (264.2).
The practise of a non—gommercial thinning to 750 sph at the time
of low pruning should also be re-adopied.

" One of the Task Force findings was that sawlog stockings of
100~150 stems per hectare gave the best economic return, This
suggests we should thin to sawlog stockings much lower than at
present.

: -Separate regimes
K Wind Stebility

Wind damage to pine in the Sunkland has been observed
following thinning (2511, 251+2)« Damage is greater with older trees,

and gtapds of P, pinaster are more susceptible than P, radiata
(25142)

% The limiting factor to vertical root development in the
Sunkland is not waterlogging'but compact soll layers (443.2).
Shattering these layers may allow root penetration and reduce the
.chances of windthrow occurring. However, ripping through &

lateritic layer lying 50cm under loamy sand gave no improvement

: in growth or stability (232.8). Preparation using s winged ripper,
would give a la}ger shatter zone but would cost over $200/ha.

The best means of reducing the potentisl for windthrow is to
thin early and sllow the trees to become windfirm at an early age.
Alternatively, reguler and light thinnings could be carried out |
bhut this would reduce the growth of the orop trees,
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Epicormic shoots
Pollowing early pruning of rapidly growing P, radiata, vigorous

epicormio shoot development can oocur on tha pruned section of the
stem, The purpose of pruning is to limit the size of knots to
35mm and to produce clear wood. Growtﬂ of epicormic shoots,

if they persist for anyklength of time, ocan negéte the.purpose

of pruning.

Epioormic growth 18 greater if pruning is carried out in
summer, and on trees on a northerly aspect (249,3). Often the
epicormics are more viéorous on the northern side of the trunkas
It aprears epicormics ;re‘stimu;ated by heating of the stem;
especially of thin-barked trees, Pruning in late sutum to winter
will reduce their prevalence.

In dense stands these epicormics generally die off after the

canopy closes, ﬁn open grown treas thay persist. Here they ocan
| be removed mechanically by chainsaws or shears or bg a herbidide
spray. ™Reglone" and "Gramoxone" at 3 ml/l and emitrol at 100
ml/1 have been successful in killing newly developed eploormics
(249,2). Some chlorosis of the pine oocurrs with the latter
treatment,
The impact of Phytophthora spp. on I, radiata

Some P. radfiata hove dled due to infection by PhxtOphthora

4
species, Deaths cemsse by age 8 years, However, non-lethal

infedtions of pine do ocour and may result in the loss of crop trees
st some later date,

Deaths are greatest on areas of leached grey sands and silty
loams which have previosuly been affected by *'jarrah dieback!
(443.6)s To reduce the potential impact of disease on these gites,
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families of P, radiata tolerant to infection, or P. pinsster, could
be planted and the plantation could be maintained at a dense

stooking, making the soil conditions less favourable for the spread

of inooculum,

Hydrologiceal impact of“plantiné pine

The salt content of the soils in the Sunkland are quite low,
although pockets of higher salinity do occur (Stirling, 1979). Streams
srising in the Sunkland have very low levels of TDS (McKinnell, 1976)
and the levels are not affected greatly by_oleafing and pine planting
(Richmond, 1980), There are increases in the ground water tablé
(116.1) and etreamflow (Richmond, 1980).immediately after oiaaring.
The ground water‘table_began to'recede four years afﬁer the pines
were established; Inoreaseslin the 1§ve1 of TDS in the groundwater
have oocurred‘in those isolated localities where there were high
levels of stored salt. -

?erehed water ¢ables are a feature of many osites in the Sunkland,
They don't prevent vertical root development (443.2) but possibly

cauge some inetability and reduced growth.
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PART 2: ABSTRACTS OF UNPUBLISHED RESEARCH

Individual studies have been olassified according to the
Oxford system., Titles are listed below, and abstracts follow
in the mame order. !

Hydrology . (116)

1. The effect of conversion of native forest to pine
plantation on the ground water table (WP 13/75).

Site Preparation and Establishment - (232)
1., Sunkland site preparation trials (232.2)&
232.3

2. The response of pines to clover and various site
preparations and fertilizer requirements (WP 16/79). (232.5)

3. Site preparation methods with clover (WP 12/79) (23246)
4, Site preparation methods with one year old clover. (232.7)
5. Ripping on a Sunkland Phase 3 site. (232.8)
6. Spacing of P, radiata. (232.9)
7. EBucelypt spacing trial (WP 9/75)  (232.10)

8. et tin agents for establishing P, radiata on Bassendean
‘sandsmfwzb 5/83). (232.11)

Serub Control - (243)

1. Spot application of Velpar as a means of conirolling
E.-oaloghxlla regrowth in Sunklends pine plantations

(243.2)
24 The use of Velpar L and Velper 20¢ to control scrub
" in recently planted P, radiata (WP 25/80). (243.3)
3. The coutrol of Eucalypt regrowth by stem injection with
Roundup (WP 2/82), (243,6)
4. Operational evaluation of Roundup and Banvel to control
eucalypt regrowth by stem injeotion (WP 3/82), (243.5)

5, Optimum concentration of Roundup and Tordon 5-15G to
control Eucalypt regrowth by foliar spray (WP 46/82).  (243.9)

6 Serub control in a P, radiaste plantation. (243.11)

Te The tolerance of P, rndiata and various eucslypts {o
pre-plant herbicidaes (WP 19/79). (243.23)



" P, elliottii.

8. Velpar and Banvéi as a means.to contro} merri regrowth

in the Sunklands (WP 8/81), (243.8)
9, Inter row cultivation trial. (243.8)
10. The tolerance of P, radiata to va;ious herbicides

(WP 31/82). (243.8)
Nutrition | (244)
1) 1969 Establishment and fertilizer plote (244,1)
2, FPertilizer placement trial. (244.4)

3 Initiel fertilizer pilot trial - Telerah. (244.6)
4, Mindr element soreening triasl (WP 18/71). (244.8)

/E; Optimum rates of superphosphate for P. taeds, (244.10)
6\ Optimum rates for superphosphate on P. pinaster in

/ the Donnybrook Sunkland, (244.11)
7. Nursery zinc trial (WP 11/78). (244.12)
8. MNutrient requirements of P, radiata seedlings in the

Nannup nursery. (244,12)
5} NP Initial fertilizer trial. (244.14)
10, Internal mound application of the initisl fertilizer
for P._radiata in the Donnybrook Sunklund (WP 10/77).  (244.15)
11. Bio super evaluation experinment. (244.16)
12: Aspects of the P and N nutrition of F, radiata (WP 6/77). (244.17
_53.. Effect of liming on the ectablishment and growth of :

-~ P._radista (WP 9/77). (244.18)
14ﬂ ¥ethods of initial nitrogen applications for P. radiata. (244.19)
15; N and P planting. P72 Cundinup 1. (244,20)
16; Initial nitrogen and phosphate fertilizer requirements in
: relation to mechanical placement methods (WP 15/79). (244.21)
17. Single spot initiel N-P fertilizer trial (WP 10/80). (244.23)
18. Zine and copper requirements for P, radiata grown with

Super and clover, (244.24)
19. Initial fertilizer to establish P, pinaster. (244.25)
20, Initiml fertilizer requirements for P. taeda. (244,26)
21, " " "

(244,27)



:é?q’

23
24.
N\

25,
26,

27.
28.
29.

30.

31.
32.

33.

34,
35,

50114 applications of zino and copper on Sunkland
P, radiata (WP 18/82). )

Inter-row fefertilizing.

Native levels of nitrogen and phosphorus (WP 19/82).
Superphosphate and rock phosphate (WP 25/74).

Rock phosphate and auperphOSphaté (we 3/75).

(244,28)
(244,30)
(244.33)
(244,36)
(244.37)

Evaluation of compound NP fertilizers for the establishment

"of P, vradinta (WP 7/77).

Effect of Sulphur on establishment and growth of
P. radlate (WP 8/77).

Atrszine spplication txrial.
Thinning and fertilizing 4 year old P. radiata.

Alleviation of a manganese deficienocy in the Sunkland.

Refertilization of three year o0ld P. pinsster in the
Donnybrook Sunkland (WP 18/79),

Refertilization of 3 year o0ld P, taeda in the
Donnybrook Sunkland (WP 17/79),

The 1979 Ludlow pot trials (WP 15/77, 16/77, 11/77)«

Growth rates of P, radiata under different fertilizer
regimes,

Epicormicé (249)

1e
24

3.7

Chemical control of epicormics in P. radiata,

Chemical control of epicormic shoots on 4 year old
P, radiata (WP 33/82),

1980 evpicormic study in the Central Region.

Thinning (242 & 251)

1e
2e
3
4.

Nonécommercial thinning of P, radiata on clover,

Sunkland thinning trial (WP 21/78).
Thinning/wind sta=bility study (WP 6/83).
Wind damage in the Donnybrook Sunkland (WP 1/81).

Pines and Pasture (264)

Te

Establishment of pine with pasture, A

(244,46)

(244.47)
(244448)
(244,49)
(244,50)

(244.52)

(244.53)
(244.54)

(244.55)

(249.1)

(249.2)
(249.3)

(242.1)
(242,2)
(251.1)
(251.2)

(264.1)
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3.
4e

1.
2,
34

First thinning of pine stands grown with super and

clover (WP 7/83). T (264,2)

Chemi.cal thinning - an.alternaiive in agroforestry? : (264,3)

Foliar nutrient levels with two fertilizer strategies .

in the Donnybrook Sunkland. (264.4)
(268) . |

Legume_trials in\w.A. pine plantations (WP 17/80). v (268.1)

Clover cultivar trial (WP 13/79). v (268.2)

Clover shade tolerance (WP 6/79). . (268.3)

Tnimical agencies (443)

1.

2e
3.
4.

The effect of é/gerched water table on P, radiats

root form (WP 6/80). . (443.2)
Inoculation trials (WP 11/80). ' (443.3)
Spil moisture/temperature experiment (WP 13/75). (443.5)

The ocourrence of pine deaths, associated with
Phytophthora spp., on soils in the Donnybrook Sunkland. (443.6)




The affect of clearing native forest for pine plantation on the
ground water table,

W.P. .13/75 ; Pile No. 116.5

This project was to investigate whether clearing native forest
in the Sunkland for pine plantation would affect the ground water
table. A number of piezometers were established in an area of
native forest at Jarrahwood due to be cleared for pine plantation
10 piezometers were established in 197%, and another 10 in 1976.
They were located over a range of topographic positions, Two
were on ridge tops in native forest which was not to be cleared.
Depth to the water table (ground water potentiometric head) was
measured every month and a water sample taken to determine any
changes in the quality of the water. The native forest was
cleared in 1978 and P, radiata planted at 800 sph.

There were seasonal fluctuations in the depth o the water
fable, being greatest in autumm and least in spring. Following
clearing of the native forest the water table rogse. The maximum
depth to the water table (in a year) decreassed by over a meter in
some cases. The depth to the water table in the two piezometers
under the native forest increased in the year the other forest
was cleared. This was an opposite trend to that observed in the
cleared areas,

The water table began to decline once the pine had reached
four to five years of age while remaining fairly constant under
the native forest on the ridge tops.

The level of bore water salinity was high where higher levels
of total salt storage were recorded. However, the level of bore
water salinity only incressed in a small number of piezometers
following clearing, and appeared to be . relsted 4o the occurrence
of a pronounced salt bulge at the site of these piezometers
(Stirling, 1979).

There is an increase in streamflow following clearing of the

vee/2



native forest but no increases in salinity of the runoff
(Richmond, 1980). While data from these ground water studies
suggests that a rising water table following clearing can lead to
an increase in the salinity of the ground water, the oceurrence i
is apparently not frequent enought to cause an increase in the
salinity of the streamflow. It remains to be seen whether the
salinity of the ground water will change as the ground water
potentiometric head decreases under the developing pine stand.



Depth to the water table (metras)

1978 1976 977 1974 197y 1980

The affect of claaring of native forast for pine slentation on the ground water table,
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SUNKLAND _SITE TREPARATION TRIAILS
. File pf° 232331 and .33

Two separate trials were established, one in 1974 and the other in
1975. The aims were twofold; firstly to determine the extent to
which the initial preparation of the site was necessary to ensure
antisfactory establishment of P, radiata and secondly, to compare the
effectiveness of these preparations in Improving the trees tolerance
to wind., T

The basic requirement when prepering the site for planting in the
Sunkland is to form a mound that will be high and large enough to
support & young tree. free from the surface-lying water that is a
fenture of Sunkland sites. The mound must be firm enough to allow

the use of planting machines without the mound being destroyed and they
must also be designed to allow drainage from the site to occur without
any errosive effect.

The 1974 trial was established to compare five methodes of site
preparation viz:

-=1) mound at.3-metre Bpacing and drain at 9—metré spacing

2) mound at 3~metre spacing only

3) drain at 3-metre Bﬁacing only

4) drain at 9~metre spacing only

‘5) control ~ no treatmént

All treatments were double ploughed prior-tb final preparation.

. as
Profiles of treatments were approximately,shown in figure 1.
Mounding was accomplished by using the standard Forests Depariment
two—disc mound plough, whilst drains were fo;med uaing a D4 bulldozer.

Pigure 1 o
V..
\\//\\//\\//\\/”\\/T\V/T\v/\\//\\f/.ﬁTEM- Treatment 3
— 5‘m. -~ 1

I Gy N T VA e U Py Treatment 2

VAT A=A VALTAS NP A AN ' Treatment 1

PR

N N TN

3

Tregtment 4

Three replicates of each treatment wefé established on solils described
by G.3. MeCutcheon(see figure 2J
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{esults

B Height measurements wore carried out in 1975,
. A summary of data are shown belovw.

1976 and 19770

Treatment Height (cms) Inc. (coms) Survival %
6/75 2/76 /11 15/76 T6/1T .
1
¥ound E3m; and 2 42,1 91.9 192.7 49.8 100,8 99
Drain (9m g 43.9 83.8 185.7 39.9 101.9 39
14 46.1 98.8 196.6 52.7 97.8 95
MiEAN 44,0 9l.D 191.7 7.5 100.2
2
Mound only 3 39,6 69.1 154.5 29.5 8544 96
(3m) 10 48.5 102.,5 259,8 54,0 1573 99
15 41.6 76,1 162.5 34.5 86.4 94
AN T3.2 82,6 109%2.35 2334 1097
3 .
Drain (3m) 4 43.5 g91.7 174.9 48.2 83.2 99
8 42.2 85.0 171.7 42.8 8647 99
‘ © 11 55.8 111.7 223.6 55.9 111.9 93
AL 472 6.4  100.1 48.9 U4 4,0
4
Drain (9m) 5 43,1 823 165.7 39.2 83.4 96
7 43,9 85,0 166.2 41,1 81.2 98
13 52.3 106.0 203.6 53.7 117.6 g4
HEAN 46:4 91.1 185-2 44-? 9401
5 ' ‘
Control 1 41.2 80,0 176.0 38.8 96.0 37
6 53.8 97.7 212.4 43.9 114.7 g1
12 44.7 90,8 192.6 46.l‘ 101.8 94
N
YEAN 46.6 BU.5 1893.7 4249 104,2
Anslysis of Variance - Height 1977
Source \ S¢S: defe. .M.S- Fr Sigo
Block 2379.0 . 2 1189.5  1.04 N.S.
Treatment 12904 4 32034 0003 NQS.
Error 9126.9 8 1140.87
Total 11635.33 14
(Treatment) F = 3.84 p = 0,05
= 0,01

7001 P
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Survival %
Traoatment Replicate

1 | 2 3
Mound (3m) + Drain (9m) 99 , 99 95
Mound only 96 99 g4
Drain (3m) ' 99 99 99
Prain (9m) 96 - a8 : 94
Dontrol 87 91 94

Analysis of Variance - Survival % 1977

Bource S.0. d.f. MuSe F Sig.

Block 14,8 2 Ted L.72 N.S.

Treatment 42, 26 4 . 10057 2.45 NeSe
Error 34.54 8 4.32

Tfotal - "~ §1.6 14.

(Treatment) P = 3.63 p = 0,05

6.42 p = 0,01
It is noteable that the two treatments, mound only and control had the
smallest increment in 75/76 yet are currently growing faster than the
" othors, Tho control plots had the. poorest survival, whereas the
high profile drains chowed the best ourvival.
The 1975 trial was established having three different treatments:
1) mound plough at 3 metre spacing
2) low profilelgrains at 3 metre spacing
3) high profile drains at 3 motre spacing..
Mound's and high pfofile draing were prepared using the same, method
as the 1974 trial. Tho low profile drains wereo congtructed using
a grader (Cat. 140) see fig. 3. Moundo and drains were established
in a North/South dircction in the firot replicate and Bant/Ment in
tho meoond. The effact of row orientation relative to the provailing
wind will be studied at some future date.

A1l treatments were double ploughed prior to treatment,
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Treatment 1

L  Treatment 2
W“_— “O A m
..... : 1 1
—+ 30 .
\\v/L\¢/k\//\\/”\\/’\\/ﬁ\\c’“—L' froatnent 2
'
See figure 4 for soil plan.
Regsults
Treatment Height (cms) Inc. (cms) Survival
% (8/718)
5/76 {1/77 | 8/78 | 16/77{ 11/78
1, |70.4 |151.5] 325.0 | 81.1 | 173.5 67
/N1 27 152.6 |109.4] 222.4 56,8 | 113.0 68
3 S54.4 { 124,31 266.7 | 69.9 | 142.4 94
Mound 4 66.1 | 144.9 ] 262,71 78.8 | 117.8 94
Plough TEAN 500 1 137.5 ]| 2602 | 110 | 136.7 1 - 66
17 68.6 |143.91 284.9 ] 75.3 | 141.0 88
P/N S 18 62,6 | 130.9 1 282.4 | 68,3 | 151.5 100
19 67.9 1146.3 | 314.4 | 78.4 168.1 82
20 73.5 | 15644 | 337.9 | 82.9 | 181.5 94
WEAN BBe? L Ld4ed | 3040 | 16a2 | 160.D g1,
5 63.6 [135.7 ] 242.7 | 72.1 | 107.0 87
P/ 2 6 68,2 | 154.4 | 285.6 | 86.2 | 131.2 94
7 45.5 | 102,71 237.0 § 57.2 | 134.3 81
Grader 8 44.4 99,6 | 210.9 | 55.2 .}11.3 2100
Drain WEAN 155.4 (12311 244.1 67,7 | %21.0 g1
13 48.7 99,7 | 195.3 | 51.0 3546 94
P/ 4 14 5443 11132 ] 255.4 {58.9 | 142.2 93
15 38.4] 80.9{154.1 142.5 7342 100
|16 .178.8 |166.6 | 272.8 | 87,8 | 106.2 81
Toan 5ol | Llbed | 2184 {600 | 10443 P
9 43,1 85.71176.5 | 42.6 90,8 94
P/ 3 10 39.9 | 84.6 | 202.9 | 44.7 {118.3 100
, 11 46.0.1 91.4 | 209.7 [45.4 |118.3 94
Bulldozer ) 12 41.3 78.9 | 174.4 | 3845 94,6 100
WIAN 7.5 1 05.2 1 100.0 (42,6 | 105.7 97
Drain ~ l2n [68.1 |135.3 | 260.4 167.2 |125.1 | 75
P/N 6 22 T0.7 1 160.5 | 326.8 {35.8 | 16543 94
23 68.8 |146.5 | 294.3 |77.3 | 148.2 94
24 65.1 [152.1 | 318.1 |87.0 [ 16640 81
M Al b e 148.6 [ 299,9 180.4 15143 6
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The limitations in design (2 error d.f.) rule out the posaibility

of statistical analysis. There is little evidence to support any
hypothenis other than the possibility of incressed growth on the
mointer or light textured sites (plots 1, 5 and 6). .The solls on
which plots 3 and 4 are located, though predominantly type 5, have a
higher clay content and are drier than noils further to the wesnt.

Summary

Whereas in the 1974 trial there scomed %o be some early response to
intensive draining, there is 1little evidence, in the 1975 trial, of
any treatment effeet. The trend in the earlier trial, though

of no statistical significance 1s none the less intereting. The

‘higher growth rate from the high profile mounds in the firut year
“and better survival does indicate that waterlogged conditiona are

detremental to successful establishment. However, the reversal of
this trend later, cannot be explained and may be duc to a number of
factoras. Firatly, the larger mounds may dry out quicker and therefore
reduce the growing season, whilst the steep sides of these mounds

may encourage quick drainage and therefore water penetration is less
and loss of fertiliser by leeching is hastened. A further factor that
may influence plant behaviour is the certainty that the top-most part
of the larger mounds will be predominantly heavy textured sub-80il,
whereas the plough mounds are a concentration of surface light
textured coil. It ig inevitable that large mounds conatructed on
tyne 5, 6 or T zoils will be predominantly heavy textured and though
they may have initisl benefit, the overall effect may be detremental.
However, intenoive draining of type 3, 4 and the lighter type 5 solls
‘may improve survival and growth,



THE RESPONSE OF FINES TO CLOVER AND VARIOUS SITE IPRETARATIONS AND

FERTILISER REQUIRENENTS

W.P. 16/79 File No: 232.233

This trial was to determine the effects of timing of clover establish-~
ment, spot spraying with 'Vorox' herbicide and type of initial
fertiliser on the growth of P. radiata.

Two site preparation methods were applied:-
i) Ploughed, mounded and clover established the same year that
the pine was planted.

ii) Mounded the year pine was planted, and inter-row cultivated
and clover established a year later.

Spot applications of 100gm/tree Agras or 150gm/tree Superphosphate
22% were applied with or without a spot spray of 'Vorox'. The
fertiliser was applied in boot heel holes on either side of the
plant to simulate machine application. The 'Vorox' was applied as
a 64% solution at approximately 25 mls a.i. per plant. The
experiment was in a factorial design.

Analysis of the height increment from one to four years after
transplanting showed no effect (p< 0.05) of the timing of clover
establishment. There was also no response in height growth to the
'Vorox' application. The application of Agras, however, resulted in
greater (p<0.05) pine growth than in response to Super. (See Figure 1).
From this trial it can be seen that clover does not compete with
pine -if they are planted at the same +time or the clover a year later.
The greater response %o Agras compared to Super, indicates the
necessity of a NP fertiliser application at planting. Nitrogen
fixed by the clover would not be available to the pine until the
year following clover establishment.
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SITE PREPARATION METHOD3 WITH CLOVER

W.P. 12/79 File No.: 232,234

mounding were necessary when establishihg pine with, or into, a
clover sward. Slashing was tested as a means of weed control.

The trestments weret-
A, P, radiats planfed into a one year o0ld clover sward.
P. radista and clover established the same year.
B. Plough and mound ‘
Mound
Plough ‘
Control (no ploughing or mounding)
C. Slashing
No slashing ~

The trial was laid down as a 2 x 2 x 4 factorial with 4 replications.
Three years after establishment the slashing had not affected the
growth of the pine. DPloughing and mounding was the best establishment
method with mounding having a greater influence on growth and survival
than ploughing. The increased growth and survival in response to
ploughing compared to the control may be in response to better scrub
control. Establishing clover one yecar priér to thewpine resulted in

a 20% loss of height increment. This was probably'due to competition
between clover and pine on the mound, also the mounds were established
one year prior to the pine. In this situation weed control on the

mound is essential.

The optimum treatment in this trial was to plough and mound and
establish pine and clover in the same year. Controlling weeds on the
mound when planting into clover would probably result in similar pine
gpowth to this treatment. '



TABLE 1 Growth and survivel of P. radiata in response to site
preparation treatments. Data at age three years (except survival)
and is presented as a factorial analysis. Bars denote significance

at the 95% level.

Height Increment (cm)

Plough and mound 135li Clover esfablished one I

year before pine 100
Mound 129 {f © Slashed 114
Plough 119 Clover established . Unslashed 113
Control 69 | L prne ‘ e

. Total Height (cm)

Plough and mound 266 ‘
- Clover established one

h Mound 261 year before pine 218
5 - Slashed 229
3 Plough 232] Clover established =~ Unslashed 228

Control | 1531 with pine 249

Survival,(arcsiﬁ %)  Age 2 years

Mound 70 R

;- ‘ . Clover established one.

- Plough and mound 67 [ year before pine 159 g1ashed 62
Plough 60 Clover established |. Unslashed 61[

. Control 49 1 with pine 64 . ?



SITE PREPARATION METHODS WITH ONE YEAR OLD CLOVER

File 232.235

Establishment of pasture and graziﬁg prior to pine planting
is being considered for the Sunkland plantations. Competition
between the pasture and the newly established pine is g potential
problem. Planting the pine into a mound is of advantage in the
Sunkland. However, where pine has been planted into pasture
without mounding (No. 7 Road plot) good survival and growth was
achieved.

This trial was to investigate whether mounding and grass
control around the pine was necessary when planting into established
pasture in the Sunkland. The pasture was a mixture of subterranean
clover and rye grass and was established one year prior to the
pine, The site was not ploughed. There were three treatments;
mounding plus weed control, mounding only and weed controcl only.

A 0.5 metre strip spray of 4 lha~! Vorox plus 2 lha™" Gesapriwm
(atrazine) was applied to achieve weed control.

One year after the pine were planted the mounding plus weed
control had resulted in a23% growth response (p<0.05) over the
weed control treatment. This could be expected to increase in the
future. Weed control improved the survival'rate of the pine,

The optimum treatment when planting into established
pasture in the Sunkland is to mound and control rasture along the
_Planting line. Weed control should be over a 1 metre width rather
than the 4 metre swathe used in this trial.

Fig. Growth and survival forP. radiata planted into established

pasture in the Sunkland.

Treatment Height Survival (%)
Inerement (cm)
Mound + weed control 26,52 89
Mound 24,780 78
Weed Control 20, 8P 97




RIPPING ON. A SUNKLAND THASE 3 SITE
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The soils south of the Blackwood River in Phase 3 of the
Sunkland project are often of heavier texture and shallower
than those oncountered in Phaso 1 and 2.

08 a means of ameliorating these site conditions.

Ripping was secn
In 1972

savernl sections of the Brockman 10 wore deep ripped.and

planted with P. radiata.

A folinx opray of 2
thic timo.

The pine was fertilized with
113g/tree of Tupcr 22% at planting and 200kg/ha in 1974.

3% ZnS04 and MnSO4 was also applied at
In 1980 400kg/ha of Agras No. 1 was applicd.

The 1949 C.S5.I.R.0. survey of the area classified the solls
on which thigs plot io situated as Milyeannup and Mowen sands.
Thepa solla are characterized by a sand of variasble depth over

massive laterite oxr hardpan.

laterite was sometimes present on the soil surface.

plots were established in the ripped and unripped areas.,
wag measured in 1973, 1975 and 1982,
leaning trces were masesced in 1982,

In the areas which were ripped
Paired

Hedght

Diameter and number of
This data is presented in

Table 1.
Unyipped Ripped
Hoight |Diameter |% leaning {Height |Diameter |#% leaning

(em) (em) stems (om) (om) atems
1973 61.7 69.7
1975 215.9 228,.6
Inc. 15442 158.9 )
1982 1048 15.34° | 20,7 1059 14,63 19.7
73/82 Inc. 986 989

- Table 1:. Effect of ripping on P. radiata growth,

These results show that ripping has had very little effect on

P. roadiata growth or stability on these soils.

The site was not

mounded sand the ripping resulted in a furrow being formed along
the planting line which may be a contributing factor to the lack
of responsea.
to be a largoe iricreabe in growth,
10 years is only 10 metres, which suggests this site is marginal
More frequent applications of fertilizer may

for P.

rodiata.

have rcoulted in greater pine growth.

]

To Justify the expense of ripping there would have
The height of the pine at age

&nﬂ\



 Root Excavations

The roots of six trees were examined., Three of the trees were
growing on unripped soil, the-others on ripped soil. Two of the
trees were leaning.. Descriptions were made of the soil profile |
around each tree. § T . e
There was generally a layer of loamy”sahd of 20 to 40cm depth
overlying a laterite layer. The roots of the pine were well
developed in the loamy sand but were impeded by the laterite (Pigure)
Small "club® roots nad formed at the surface of the laterite (see
photograph). This trial, and other work at jarrahwood suggest
physical impedance is more important than waterlogging in the root
development of radiata pine in the Sunkland.

Fig.  The ehtucure of the mo of Pradisk gruing orasik wiy o limited cloofh
of soil in Yhe Sunbiand
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Spacing of P, radiata -~ Jarrahwood 1974

File No. 232.423%

This unreplicated trial aimed to determine the optimum
gpacing to commercially harvest P. radiata in the Sunkland.
Four spacings were tesgted; .

Spacing Densgity Actual density
Zx3 m _ "N 1038
2x4 m 1250 1114
2x3 m 1667 1421
2x2 m 2500 2175

The pine was planted in 1974 and presumably spot fertilized
with 100g/tree of Super. The plots were re-fertilized in 1979
and 1980 with 400kg/ha of Agras and Zn & Cu sprays. The 2x53,
2x4 and 3x3 plots were ploughed, fertilized with SOOkg/ha
SuCuZnMo No. 2 and sown with 12kg/ha of Esperance clover in 1980.

The wider spacings gave the greater diameter growth for
individual trees but lower basal area per hectare. The growth
of the trees in all treatments was low compared to other
plantations. This reflects the poor fertilizer history of the
trial.

The trees at 2x4 m gpacing performed better than expected.
This is probably due to a site difference within the area of
the trial.

The establishment of clover improved the growth of the pine
in the three plots compared to the plot which was not treated.
The clover sward was very poor so ploughing and the application
of Super were probably the main causes of this response.
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BEUCALYPT SPACING TRIAL

W.P. 9/75 | '1 File No. 232,424H

This trisl was to determine the effect of stooking rate on the
growth of some eucalypt speoies grown in the Sunklands. Euoalyptus
resinifera was planted in 1975 and E. calophylla, B. microcorys and
B. globulus in 1976. The trees were -planted at spascings of 3 x 0.5m,
3x 1my, 3 x2my 3 x 3my 3 x 4m, and 3 x 6m.

The trial was not replicated, with height and diameter data being
collected from every 5th row in each plot. Trees were measured

7 years after outplanting for E. resinifera end 6 years for the
other species,

Thern wao no obvious relationship between height send stocking rate.
(FIGURE 1). B. globulus was the tallest and B, miorogorys the
shortest. S ‘

Basal area heotare ' inoreased with stocking rate for all speoies
(FIGURE 2). For any given stocking rate, E. calophylla had the
greatest B.A ha™ -1 and B, miorocorys the lowest.

E., globulug had a larger height/aiameter ratio than E. oalophylla.
Survival rate for Be. calophylla was approximately 60%, with other
species being in the order of 90%, This may be due to site
differencesn,

0f the speoies asgessed, E{_g;obdlus and B, oalophjlla ahowed the -
best potential for use in the Sunklands, These species growing at
high stocking rates could produce pulpwood volume comparable with
Pinus radiata, but 1% is prematdre to determine other uses such as
sawlogs and poles, '

’ %
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WETTING AGENTS FOR _ESTABLISHING P. radiata
D. DON . IN BASSENDBAN _SANDS

oo o File™No.: 232.294

From prev1ouq research, second rotation'bu¥ﬁihn on Bamsendean sands
causes water repellance which may have a detrimental effect on pinc
secedling growth, This trial was to investigate whether the aprlicntior

of a wetting agent increased growth and survival rate of P. radiatna

on this water rcpellanf soil.

Designed as a randomized block arrangement, the trial consisted of
eight treatments (sce key, Figure 1) with throe replicates.,
Treatments consisted, in all cases of backfill soil mixed with the
wetting agent, except in one where the roots were dipped in welting
agent before planting. Three different weftinv agents were used,
(Terrasorb 600} (Igetqgel) and (Klen RP68) at two different rates.
Plots were 3m x 20m and contained approximately 10 treated seedlin:
Bach seedlins was measured for height and survivul in Spring 1962
and Winter 1983,

Resnlts, to date, show no ﬁignificant increase in scedling growth
by using any of the wetting agents. The qurvival rate in four ol
the trontments was significantly lower than in the control. Theue
four treatments were roots dipped in Terrasorb 600 and both rates
of Terrasorb 600 and 20g of Igetagel in backfilled soil.

".l

These reouitq 1nd1cate wetting azents do not. increase P. radiata
vrowth and Lhey can have a detrimental effect on survival., Therctore
wetting agents should not be used operationally.
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SFOT AFPPLICATION OF "VELPAR"™ AS A MEANS OF CONTROLLING
E. calophylla REGROWTH IN SUNKLAND PINE PLANTATIONS

w.P., 1/80 File No. 243/22

"Velpar L" (a liquid formulation containing 250 g:m.lm1 of hexazinone)
and "Velpar 20G" (a granular formulation containing 200 gm.kg"1 of
hexazinone) were evaluated for efficacy;in controlling E. calophylla
on yellow sandy loams in the Donnybrook'Sunklands. Designed as a
factorial arrangement, the trial consisted of three rates of each
formulation administered to the surface of the soil as a spot

application and repeated over two seasons. "Velpar L" was also
injected into the soil at the same rates. The effect on two height
classes of regrowth was also studied and the trial was replicated
twice. Treatments were delivered through modified sheep drenching
guns. There was an inconsistency between the seasons in respect to
the placement of the chemical in relation to stem of the regrowth.
In the summer series the "Velpar" was placed approximately 10cm away
from each stem, while in the winter series the point of placement
corresponded to the drip line. Rainfall for 1980 can be seen in

TABLE 1.

Treatment in summer proved to be more effective than treatment in
winter and small regrowﬁh (< 2,0m in height) was more easily‘kiiled
than larger regrowth (> 2m in height). The highest rates of treatment
generally gave the best results (Figures 1 & 2). There was no
evidence to suggest that any differences existed between formulations
of "Velpar" or the method of placement. The better result of the
summer treatment may be due to abnormal rain in February which
.allowed penetration of the chemical into the roots at a time when

the metabolic rate of regrowth is high.

To achieve an acceptable kill it appears that regrowth must be

treated when it is below 0,5m in height (See FIGURE 3) and 4ml (1.0gm,
a.i.,) of "Velpar L" {or 5gm (1.0gm.,a.i.) of "Velpar 20G") should be
placed close to bhe stem of the regpowth, However, this technique

is not as cost effective as treatment of regrowth by foliar spraying
with either "Roundup" or "Tordon 5-15H",

TABLE 1

it Lt m

\Ion‘ths J. F. M. A-o I‘qo J-a Jo Ao S- O- No D-

mm 0.8 23,2 6.3 81 07 75-8 160»8 223-8 7801 70-2 3407 20,2 15-8

Table 1: Rainfall (Busselton) for the year 1980.
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The Use of "Velpar L'" and "Velpar 204" to Control Scrub in
Recently Planbed T. radista

3 . -

RN, P, 25/80 7 Fle No. 243.23

¥

’ The aim of the trial was to determine if "Velpar L"
e (250 gm.1~1 hexazinone) and "Velpar 205G (200 gm.1=1 hexazinone)

were suitable for controlling woody weaeds in recently planted
; P. radiata plantations, '

The experiment was located in Bapudin plantation, compartment
11 snd was designed as a randomised block with 4 replicates of
¢! the following 7 treatments.

(1) Total cover of '"Velpar L" sprayed at 1.25 kxg.ha~1 a.i.(5 1.ha"1)

(2% S w_ooo " " " 2,50 kg.ha=1 a.i.(10 l.ha"1)

' (3) " Mo " " " 3,75 kg.ha=1 a.i.{15 l.ha~1)
(4) ™Velpar 20G" broadcast at 1.25 kg.ha=1 a.i.(5kg.ha"1)
(5) n n " " 2,50 kg.ha=1 a.i.(10kg. ha-1)
(6) " n " " - 4 3,75 kg.ha~1 a.i.(15kg.ha"1]
(7) Control - no herbicide treatment. o

nvelpar L" (liguid) was applied using a pressurised hand
neld boomspray. Output was 225 1.ha=1l. "Velpar 20G" (granules)
was applied in strips “down and across plots uging '"pepper pot"
applicators. Pines were not deliberately avoided. Treatments
were applied in November 1980,

. "Velpar L" was consistantly more effective than "Velpar 20G"
at controlling woody weeds (Table 1). There were no significant
3ifferences in efficacy between the rates of "Velpar L". However
the lowest rate of "Velpar 20G" was significantly less effective
than the higher rates, and there was no significant difference
between it and the control.

Survival was not effected in any of the herbicide treated
plots, although 30% of trees in plots receiving the highest ratc
of "Velpar L" showed symptoms of phytotoxicity. TIwo years
after treatment trees in plots that were treated with each of the
formulations of "Velpar" were significantly taller than trees in
the control plots (Table .2). .Similarly, diameters (D.B.H.0.B.)
of trees in all treated plots were significantly larger than
those of the control (Table 2). The absence of a mechanically
maintained wééd free treatment precludes the possibility of
seperating the effect of weed control from hexazinone, There
was no inorease in diameter growth above 2.5 kg.ha™! a.i. and
there was some evidence to suggest that a reduction of growth
may occur above this rate (I'igure 1). The increase in tree
volume attributable to spraying with "Velpar I'" at 5 l.ha-1 was
1.5 m3.ha~1 (388%) over the first two years. The current cost to
apply "Velpar LM at 5 1l.ha=1 (approx. $120 .ha~1) when compounded
over a 30 year rotation and applying present timber values,
indicates that an approximate 30 m3.ha~?! increase is necessary to
‘make weed control economic. As moub literature suggests a
diverging zrowth curve that favours treces that received weed
control,a growth advantage cxceeding 30 m3.ha~1 is highly likely.

ved/2
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Table 1. . o
WWELPAR L' (plants .m2~1)| "WVELPAR 20G" (plants .m2™"
Ctrl| 1.25 2.9 3.75 1.25 2.5 3.75
Plts kg.ha”1 kg.ha"1 kﬂ‘ha"1 kg.ha"1 kg.ha"1 kg.ha"T
ma= 2,1 2.1 a.i 8.1 a.i a.l
Ag. parviceps 2.8 0 * 0.4|N.S|0.4|N.3| O ¥ 0.4IN.8] O ¥
Ag. linearis 0 0 IN.S{ 5.6[M.S10 |N.S| 4.8|{N.S} 1.4|N.B| O.4|N.z2
Ac. mooreana 3.2 Ou4|##el O,2(nnd1 Q. | ##x| 2, 6IN.5| 1,2] %% O, 2%
Lept. ellipticumf 8.2 1.0 ¥ O #®10,21 #®115,0{N,5] 3.0|N.5| 1.0 3
B. spathulata 4.6 O.Glun%| 1,00#xx|0,8l##xl 5,0{N.3] 6.0|N.5| 6.9{N.Z
% total cover ‘a9.8 12,2 #%n {11, 9 enn| B, Bixxx141,8|N.S|20.8] #»|14,2|%*r
Efficacy of "Velpar-L" and "Velpar 205" on*5 major woody weed species

in the Donnybrook Sunklands. _
the contrel at p 0,05

* significantly different to
Py " " n 1 " i P C.01
.)('.*,R. 1] 1" 3] 1t t it p O‘OO'E

Table 2.

Treatment Hejight(m) at age 2.5 DBHOB(cm) at ase 2.5

Gontrol ' 246 2.45
"Welpar I" 1.25 kg.ha™1 a.i. 306 ## 3.78 #
"Yelpar L" 2.50 kg.ha™! a.i. 312 #% 4.29 =
"Welpar L" 3.75 kg.ha™? a.i, 331G #ax 4,20 #x
"Welpar 20G" 1.25 kg.ha~! a.i. 292 % 3,98 ®x
"Yelpar 20G" 2.5 kg.ha™! a.i. 332 #Aw 4,37 wx#
"Welpar 203" 3.75 kg.ha~1 a.i. 300 ## 3.71 %

The effect on the growth of P,

tyelpar 206", over. the top,..5 months after planting.

¥ 51gn1f1cant1y dlfferent from the control at p 0.05
TR n "o 1t P 0.01
T " ] 1 1 1 1" D 0.001

radiata by applying "Velpar L" and

\Il!.!' -1':.-.

rbkide (kg ‘ha., ul )‘
§'l| -------- !“_ l.

RM I

R iul |!
of 2 year old P, radiata 19 months

D.B.H.0.B.
and "yelpar 20G".

after applying "Velpar L"



The Control of Eucalypt Regrowith by Stem Injection
with “"“Roundup"

R.W.P. 2/82 . e File No. 243.28
Located in Jarrahwood plantation, compartment 5, this

trial was established in January 1982 to determine the

minimum dose of vRoundup® (360 g;m.l_1 glyphosate), gdministered

as an injection to the gtem, that is required to kill E. calophylla

and E. marginata.

The trial wag arranged as a randomigsed block with four
replications. Treatments were applied in the following
concentrations of chemical in water:

“Roundup®; (1) 50% ‘

(2) 36%
(3) 22%
(4) 9%

»Tordon 105" (5) 40% (routine practice al the time)

injection of the mixtures was achieved by notching the stems of
the regrowth using a 25mm wide axe. Notches were placed at a
convenient height (for the operator) on the stem and this ranged
from 400 to 800mm from the ground. A 2ml dose of mixture was |
delivered into each notch through a drenching gun, and the dose
frequency was one notch for every 25mm of stem diameter. The
height of regrowth ranged from 1.5 to 3.5 metres, and stem
diameters ranged between 20 and 100mm.

‘Pwelve months after treatment there were significantly
(p ¢.05) more deaths assoclated with the 50% concentration of
“Roundup" and the 40% concentration of “Tordon 105" (figure 1).
the incidence of rscoppicing increased as the concentration of
*Roundup" decreased. It was notable that mortality increased,
irrespective of concentration, if the point of injection was
close to ground level or below the lowest green branch. If
this criteri&n is followed it is likely that the percentage
mortality would increase for the lower concentrations. However,
injecting regrowth close to the ground is likely to increase
stress on operators and may not be a practical proposition.
There was no apparent difference in susceptability between
%. calophylla and E. marginata. '
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o,
Operational Evaluation of “Roundup“ (glvphosate) and “Banvel®

{dicambed to control eucalypt regrowth by the stem injection

technique.

R.W.P., 3/82 C File No. 243.27

Established in January 1982 in jarrahwood plantation,
compartment 5, this trial aimed to compare the effect of
"Roundup™ (glyphosate), "Banvel®™ (dicamba) and the currently
used "Tordon 105" (2,4,5-T/Picloram) applied at equivalent
cogt over an operational area. ‘ '

Treatments were: (1) “Roundhp" - 1 part "Roundup"™ to
14 parts of water (36% concentration);
cost: $0.0126 per notch,

(2) "Banvel™ - 1 part ™Banvel™ to ¥
part of water (66% concentration);
cost: $0.0120 per notch,

(3) "“Tordon 105" ~ 1 part "Tordon 105" to
1% parts of water (40% concentration);
cogt: P0.0126 per notch.

Three 1.5 hectare plots were located adjacent to each other,
and all eucalypt regrowth was treqted in an identical way;
viz.: notching using a 25mm wide axe was at a convenient height
on the stem (ranging between 400 and 800mm from the ground),
and one noteh was cut for every 25mm of gtem diameter. FEach
notch received 2ml of the chemical mixture, delivered through
a drenching gun. The height of rerrowth ranged between 0.5
and 3.5 metres, and where it was too small to notch (< 20mm
stem diameter),\stems were gsevered and the chemical adminlstered
to the stump. The same members of an operational gang treated
each area. '

The table below shows the percentare of regrowth that was
dead, the percentage that initially appeared dead (at the 6
month asseasment) but had subsequently recoppiced after 12 months,

~and those that were partially effected twelve months after

treatment.



"Roundﬁp“
"Banvel™
"mordon 105"

% dead 12 months

after treatment
64
36
51

I
P el o

% recoppicingz12;§:
~ months after =~

trentmgnt
11
25
~21

% showing partmal

“gffect 12 months

after treatment
25 ‘

<1039

28

"Banvel™does not appeér to be a suitable chemical for
controlling eucalypt regrowth by stem injection.
percentage of regrowth gtools that were killed by “Tordon 105%
and “Roundup® appears to be low, it is higher than 1is achieved
in routine practice using “"Tordon 105" at a 4075 concentration.
Aasessments have shown that this is between 15 and 50%. A
nigher percentage of ki1l is likely if the point of injection
ig as close to the ground as possible or below the first green

branche.

effective than

"Tordon 105%.

While the

Thege results indicate that "Roundup™ is more cost
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Optimum Concentration of “Roundup" and "Tordon 5-15G" to Control

Eucalypt Reprowth by the Foliar Spray Method

Interim Summary .

R.W.P. 46/82 S File No. 243.322

Foliar spraying is seen a techniquie,. that will enable the
control of eucalypt regrowth in plantations to be commenced soon
after pineg are planted. It is envisaged  that this will have
two advantages: (1) eucalypt regrowth will be eliminated before
any competitive effect on the growth of pines“develops, and
(2) +the cost of controlling eucalypt regrowth will be reduced.

A trisl was established in Baudin plantation, compartment
9, where "Roundup” (360 gm.1”' glyphosate) and "Tordon 5-156"
(150 gm.l"'1 triclopyr and 50 ;:;.,m.l"1 picloram) were compared
at the following spray concentrations of herbicide in water:
16.7%, 9.1%, 4.8%, 2.4%, 1.2%, 0.6%, o (control). The trial
was arranged as a randdhised blockwith 4 replicates. Treétﬁents
were: applied at the beginning of December 1982 and herbicide
mixtures were sprayed onto_regro#th, ensuring complete covérage,
using drench guns fitted with Rega No. 6 variable nozzles.. The
drench guns were calibrated to deliver 5 ml per dose and the
number of doses per stool was recorded. The height of regrowth
ranged between 100 mm and 1000 mm.

After 40 days "Tordon 5-15G" appeared to be significantly
less effective against BE. marginata and more effective against
E. calophylla than "Roundup™. An assessment 225 days after

treatment showed that there were no significant differences
(p;L0.0S) between the effectiveness of "Tordon 5-15G" and
"Roundup® against E. calophylls at concentrations above 5%
(figure . 1). Below this level "Tordon 5-15G" was more effective.
mo control ¥. calophylls the optimum concentration of "Tordon
5-15G* appears to be 4.8% (cost $0.7%.1""), while for “Roundup"
1% appesrs 4o be 6.25% (cost $1.05.171). "Tordon 5-156" is less
effective against BE. wmarginata than "Roundup™ although the
percentage of dead stools had increased since the first
assessment. The optimum concentration of "Roundup™ to control

B. marsinsta is 8% (cost $1.35.171) while for “Tordon 5-15G" it
is 10% (cost @1951.1"1). Costs are based on the following prices
ags at July 1983t Roundup $16.86.I”1; Tordon 5-15G $15.11.1“1
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Scrub control 4n a P. radiata plantation

This experiment was to investigate the effect of the season, andé
rate, of a herbicide spray in controlling dense scrub in a one year

0ld P. radiata plantation.‘

Four rates of a 245~T ester spray were applied; 0.1%, 0.2%, 0.3%
and 0.4% active ingredient. A control, where no chemical was applied,

was included. The main target species was Bossiaea aguilifolium

which had formed a dense understorey. Three times of application
were tested; September, November and February;

A 0.4% a.i. spray in September gave the most effective scrub
control (Table 1). This lead to a 60% increase in diameter over the
control by age 8 years (Figure 1). A 0.1% a.i. spray in September
while achieving a high level of scrub éontrol (Table 1) did not lend
. to as large a pine growth regponse as the 0.4% a.i. spray.

This trial indicates tha% complete scrub control on these sites

is desirable %o promote pine growth.

TABLE 1 Scrub mortality (arcsine value) resulting from

245-T ester spray treatments

Month of application

Treatment
September November February

Control O 0 0
0.1% a.i. ° 82 65 | 7
0.2% a.i. .75 75 22
0.3% a.i. 88 88 . 27
0.4% a.i. 99 84 63




FIGURE 1

- 17.5

L 12.5

10.0

2.5

Response of P. radiamta to scrub control by the

application of 245-T ester sprays. Treatments

applied in September.

0.4% a.i. (99)

0.1% a.i. (82)

Control (0)

Serub control rating:
(arcsine) in parenbio. o




fhe Tolerance of P. radlataand Various Bucalypts to Pre—plant

! - " ., Herbicides

] R.W.P. 19/79 File No. 243.131

A i et e s

Locatod on sandy soil in Vasse Plantation, compartment 10,
this trial was to screen soil active pre-plant herbicides, of
the triamzine group, in respect to their aeffect on the crop
tree species.

The site was ploughed and smdothed prior to spraying the
following herbicides, using a "IFlsion's? mini~log sprayer:

(1) Gesaprim 80 (800 gm.kg—1 atrazine)

(2) Gegamil 50 (500 gm.kpg"1 propazine)

(%) Gesatop 80 (800 gm.kg"'1 gimazine) -

(4) Velpar (900 gm.kg"1 hexazinone)

The commencing spray rate, for each herbicide, was equivalent
to 8.0 kg.ha"1 of active ingredient. P._ radiata, E. globulus,
‘BE._rudis, I. camanldulensis, E. cladocalyx, E. wandoo and

E. calophylla were represented by one line in each plot. The

distance between plants, within the line was 1.0m while lines
were 0.15m apart. Rach plot consisted of 24 trees and was
replicated % times. All plots were sprayed on the 28th August
1979 and trees were planted on the following day. The output
of the sprayer was 133 1.ha~'. Heights of trees was measured
12 days after planting and again 170 days later.

_An asscssment 47 days after planting reveanled that
“Volpar" was toxic of all the eucalypts throughout the range
of application rabes (0.75 kg.ha™' to 8.0 kg.ha™'). DP. radiata.
was not effected by *Velpar®™ nor was there any phytotoxic effect

apparent on any a%ecies attributable to the other herbicides.
After 170 days, survival was lower where "Gesatop™ had been
applied at rates above 5.0 kg.ha-l in respect to most eucalypts,
and above 5.0 kg.ha"1 for P. radiata. This was especially so

for F. cladocalyx where survival was sienificantly less (p<0.01)

than the control. Likewise, "Gegaprim™ at rates above 5.0 kg.ha"1
wag respongible for lower survival of 1. globulusg (p< 0.09),

E. cladocalyx (p €0.05) and . calophylla (p< 0.001). "Gesamil®

; . - s ep s <



Aty

]

had no effect on survival or height growth of the eucalypts.
However, there was a positive correlation (p €<0.05) between

. .—.rates of "Gesamil" and height increment of P. radiata (Figure 1).
There was also a strong correlation (p <0.01) between the
rate of "Velpar" and height increment.of P. radista (Figure 1).
There wasg no correlation between the height increment of the
eucalypts and rate of any herbicide with the exception of "Velpar®.
*Gesaprinm®™ and "Gesatop" did not significantly influence the
height growth of P. radiata.

Figure 1. Correlation between the height growth of
P. radiata, 170 days after planting, and the
rate of "Velpar™ and ™Gesimal 50" applied the
day before planting.
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The Tolerance of P. radiata to Different Herbicides

R.W.P. 31/82 File No. 243.31.

Located on yellow sands in Vasse plantation, compartment 1,
this trial was established to determine the level of tolerance of
P. radista to an over—spray of different herbicides applied in 3

different seasons.

Designed in a factorial arrangement, the trial comprised 10
single~tree replicates of the following treatments applied in
October, February and April:

1) "Banex" {200 gm.l'"1 dicamba) at 1, 2 and 4 l.ha 'of product.

2) "Garlon 480" (480 gm.1"1 triclopyre) at 2.8, 5.5 and 11 1.ha”!
of product.

3)  "p=50" (500 gm.17 2, ,4-D amine) at 1, 2 and 4 1.hd

4)  2,4-DB Herbicide (397 gm.1”' 2,4-DB) at 1.5, 3.6 and 6 l.ha
of product. _

5) "Farmco TA 20" (200 gm.1_1 2,4,5-T amine) at 2.8, 5.5 and 11
l.ha” =1 of product.

6) "Yelpar L" (250 gm.l 1 hexazinone) at 2 5, 5 and 10 l.ha”
product.

7) "Roundup" (360 gm.1~1 glyphosate) at 2, 4 and 8 l.ha

8) Control = no herbicide.

1

1 of product.

-1

=1 of product.

Treatments were applied with a pressurised boomspray calibrated to

deliver 155 3..1'1&&."1 of water,

The effect of each herbicide on pines was assessed 1 month after
Bpraying.

"Velpar L" wae the least damaging to pines although spraying
October and February at 10 1.ha”) may cause some damage. "2, 4-DB
Herbicide™, "D-50%, "PFarmco TA 20" and "Banex" appeared to be safe
to pines whén sprayed at certain times of thé year (Figure 1).
“Garlon 480" wms the most damaging with severe effects being
recorded at every level, Iikewise, pines did not tolerate

-1

"Roundup" except at 2. l.ha 'applied in February and April.

Aa "Velpar L" is known to control weeds at 5 1l.ha~! it is the

only herbicide that can be recommended for overspraying P. radiata
to control weeds.
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E3TABLISHMENT AND FERTILIZER PLOTS - 1969

File ¢ 233.121

In 1969 a number of trlal plots were set up to 1nv@st1gate Whlch of
several pines would grow best in the sunkland and the need for
fertilizer at establishment.

The sites, scattered through the sunkland, were cleared, windrowed

and disc ploughed in early 1969. The pines were planted in the winter
and fertilizer was applied in the spring. Parts of some plots were
mounded. The fertilizer treatments were:-

1. Control
2. 85 g/plant Super Cu Zn.
3. 85 g/plant Super Cu Zn + 28 g/plant urea.

9 species of pine were tested, although not all of these were
represented in each trial.

Data from seven of the plots were compared., The pines were five

"years old a2t this stage. The trends in growth and survival were:-—

caribaesa
Height: radiata >> taeda > elliottii > serotina >canariensis > brutia
muricata
myr” 0.7 0.5 0.4 0.2 0.1
>nigra
0.1

(Super Cu Zn)
: Super CuZn» Super CuZn + Urea > Control (average for all species
radiata

Survival: Serotina > taeda > canariensis > nigra
elliottii brutia

: Super CuZn > Super CuZn + Urea’>Control (average for all species)

From these trials it was evident that phoophorub, and pos 31b13 copper
and zinc were nececssary for good survival and growth and P. radiata

was the best species to grow. Nitrogen has subsequently been shown
to be of benefit to the pine, but in forms other than that in uresa.



PLACEMENT TRIAL
Local Experiment File No. R.9.3%.6.

This trial was to test three methods of placing 453.6 gms of
Super 22 percent close to the stem of P. radiata seedlings. The

three methods of placement were:

a) s8pot - 453%.6 gms of superphosphate 22 percent was placed in a
circle around the stem and within a radius of 10 cms from it.

b) strip - 226.8 gms of Super 22 percent was placed in a strip
%0 cms long and 91 cms long on each side of the plant and at a
distance of 30 cms.

¢) Dbroadcast - 45%.6 gms of Super 22 percent was evenly spread
over 1 square metre with the plant located in the centre.

Treatments were applied one month after planting. There was
no significant difference between treatments in height growth,
although there was slightly greater growth in response to the
spot application.



INITIAL FERTILIZER PILOT TRIAL - TELERAH

File No. 244.113.12

The aim of this triel was to sce whether P and minor elements were

required for the establishment of P. radiata on three soil types
' in the Sunkland.

P. was applied as Superphosphate (9.1% P) at 200g/tree. A "complete"
minor element application (Minorels) was applied to one treatment

at 55g/tree and a solid application of zinc was applied to another.
(see Table 1). The design of the trial prevented statistical
analysis. One year after establishment, the trees which received

P were growing faster than those which did not. (Table 1).  The
applications of Minorels and zinc both resulted in further increases
in growth.

Growth was greatest on the gravel, than the yellow sand and ypoorest
growth occurred on the grey sand. (Table 1).

There were foliar deficiencies of P for all treatments on all sites.
(Table 2) Zinc deficiencies were most common on the yellow sand,
while nitrogen and copper deficiencies occurred on the grey sand.
The application of Minorels appeared to provide adequate Cu and Zn,
except on the grey sand.

While deficiencies of nutrients were more pronounced on some sites,
- the nutrients limiting P. radiata growth in the Sunkland generally,

are P,N, Cu and Zn. The deficiencies are most pronounced on the grey
sand sites. It appears possible to establish P. radiasta on gravelly

soils, It may, however, prove difficult to sustain growth on this
type of site despite the very promising early growth.



TABLE 2:

establishment.

Foliar defi

¢iencies in P, radiata one year after

response to varioug fertilizer applications.

Fertilizer At Establishment
Site Nil 200g/tree | 200g/tree Super 200g/tree
Super 55g/tree Minorels Super CuZn 'A'
Gravel P, Zn P P P
Yellow P, Zn P, Zn P P, Zn
Sand
Grey . N,P,Zn,Cu N,Cu N,P,Cu N,P,Cu
Sand
TABLE 1: Height of P. radiata one year after establishment in

Fertilizer At Establishment
Site Nil 200g/tree | 200g/tree Super 200g/tree
Super 55g/%tree Minorels Super Cu Zn'A!

Gravel 7407 15109 144.7 138-2 127..
Yellow 90.9 124.7 115.5 13345 116.
Sand
Grey g3.2 7242 118.0 " 106.,1 q7..
Sand .

86,3 116.3 138.0 125.9




MINOR ELEMENT SCREENING TRIAL

w.P, 18/71 File No. 244.113.1

The aim of this trial was to identify which minor elements are
required for the successful establishment of P. radiata in the
Donnybrook Sunkland. The trial was repeated on two sites,

Molloy 10 and Willcock B7. The following treatments were applied:

1. Super @ 200g/tree {control)
2. Super @ 200g/tree + Minorels 55g/tree (Min)
3. Super @ 200g/tree + Copper (Cu)
4. Super ® 200g/tree + Zinc (Zn)
5. Super @ 200g/tree + Nickel (Ni)
6. Super @ 200g/tree + Baron (B)
? 7. Super @ 200g/tree + Molybdemum (Mo)
: 8. Super @ 200g/trece + Iron (Fe)
0, Super @ 200g/tree + Magnesium (Mg)
10, Super @ 200g/tree + Silicon (Si)
11. Super @ 200g/tree + Manganese (Mn)
12,  Super @ 200g/tree + Cobalt (Co)

During the winter months the Molloy plot was flooded, ruining the
trial. No trends in height growth were apparent, é trend was
evident, however in survival; where copper and nickel were applied

there was poorer survival compared to other plots, including the

control.

Applications of copper and nickel also lead to poorer survival at
the Willcock plot, as did molybdemum. The application of manganese
was the only one to give greater height growth than the control.
The application of nickel gave worse (p<0.05) growth than that in
response to the control.

The results of this trial generally contradict those from other
trials and should be treated with caution due to the problems
encountered.
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OPTINMUM RATES OF SUPLRTHOSPHATE 224 FOR PINUS TABDA

Duplicate of W.P. 19/71 File No. 244.113.1(3)

This trilsl-was to detvrmine the optimum initial rate of super-—
phosrhate 224 applicd to Pinus taeda on yellow sands in Jarrahwood

compartment 3.

A latin sguare design was used for this trial, which was located
off clover. Five rates of ouperphosphate, ranging from 56.7

to 907.2 gm tree” !
Fertilizer was placed in a circle around each tree, gt least 10cm
from the stem.

were applied by hand one month after planting.

The optimum initisl rate of guperphosphate was between 113.4 and
226.8 gm tree™! (Fige 1). Annual height increment was still
inereasing at age threc years, indicéting 8 continued response
to the initial fertilizer at this age. Analysis of variance of
the hoight inerements from one to three years showed significant
differences botween trentments (p< 0.05).

An initial application rate of 200 gm tree"1 is recommended.
Relfertilization at least until a:;e three years appears unnscessary.
This trial ishould have continued longer to determine when
refertilization is required.

Further trials should examine the fertilizer requirements of
~Pa taedé-growing on clovered sites. Simulation of mechanical
placement methods could be included in such work.



. _”"¢L;FXGURE;,LL r"‘feed of lnltwal apbllcatlon rate -0f superphosphate on
1ght growth of P. taedaigrOhlng on jellow sands in the Donnybrook

' {Su“fl nds.”'
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Optimum initigd Tatgs of Superrhosphate 22%;Pq”éipa;n¢g

in the Donnybrook Sunkland

LN
N

The object.ive . this trial was to determine the ow¥imum
initial rate oﬁ}apnlication of Supernhosphate 22% for
¥ , ANCTHNOL R 10X
Pinus pinaster grown on yellow usandy loam in Jarrahwood

Plantation on an unclowred site.

The experimental denien was a 9 x 5 latin sguare, using
five rates of appliéation.ﬁ 57, 113, 227, 454 and V7 ~ /tree. 9
The fertiliser was applicd onc week after planting of the
two_year old «itock, and was placed in a 10cm radius circlie
around the tre.

Analysis o7 wuriance of hei~vht inerement over threws

years showed sit- .ifferences occurred over the trial aiea,
and a significant @ ° ‘rence bhotween treatments (p £ C,05;.
The results in Fie indicate thnt 113 g /tree is o, sum

_ as height increm sulting from aprlications of 112 227,
and 454 g'/tree wre o s significantly different, snd ¢ .s¢

of fertiliser should be considered., The highest rate resulted
in depressed height - rowth. The data had showed increasing

height increments in tach successive year.,

The trial indicates that 113 =« ‘tree is the optirum
o initial rate of application of Superphosphate 22% for F. pin-cher

in the Sunkland.




"Height increment (cr)

L]
Figure 1: | Bffect of rate of application of Superphosrhate
' '22% on height increment of P. pinaster. Birs
with the same letter are not significantly
different at p = 0,05.

-a-—--——-—l N
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40
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Rale «f application (em/tree)



Preliminary Report: Nursery Zine Trial W.P, 11/78

Aima: (1) Detcrmine if heavier and more frequent zinc applications
) geedlingo,

(2) Detormine the duration of any incrcase in zino content
and concentretionn after the peedlings are planted in

~in the nursery con“incremse the zine content of P.radiata

the field.
Resulta;s
Treatment Mean Zine Qoncentrations at Lifting

Time ofn Zinc spray Needles Stems Roots
Application concentration {(prm) (ppm) {ppm)
Control No Zinc spray 32 26 6
0 : 1.56 g2 70 14
-1 " 110 7T 10
-1, =2 " 162 89 22
-1, -2, -3 " 172 94 19
0 3.0% 167 86 14
-1 " 173 113 23
-1, ~2 " ; 242 124 13
-I’ ""'2’ "’3 " 266 123 22

IJ.S.D; p<0¢05 32.1 19.6 bt
* 0 = 9 days prior to 1lifting =2 = 2 months prior to lifting
-1 = 1 month prior to 11if%ing ~3 = 3 months prior to 1ifting

Both the heavier zinc application, (1
the more frequent applications iner
Zinc conecentrations in the needles

the stems higher than in the root
show a oimiler pattern to the concentrations in the needles.
concentrations in the roots show no di

Seedling dry weight at 1ifting and 2 ang
the field have shown no si
Sampling will cont
of the higher zinc concentrations.
that the zinec concentrations remain
first year then heavier zine applics
recommended,

gnificant effec
inve for at lcas

+8., 3% compared with 1.5%) and
eased foliar zinc concentrations.
are higher than in the stems and

The concentrations in the stemu

stinct pattern.

The zinc

4 months after planting in’
t to the zinc applications.
t 1?2 months to determine the duration

If the sampling programme shows
above the critical level for the

tions in the nuraecry will be




Nutrient Regquirements of P, radiata seedlings in the

Nannup Nursery

The balance between the nutrients removed from the nursery and those
applied is shown below. The data usecd comes from s nursery =zinc
application trial carried out in 1978,

Mean secdling dry weight at lifting (21/6/78):. 3.70g of this
85% was shoots and 15% roots.

Pry weight removed by 3,000,000 seedlingss

.3.70¢ 4 3,000,000 = 11,100 kg (9435 kg + 1665 k&)
~3};;;‘ sghoots roots

Vitrogen, Phosphorus and Potassium concentrations in seedlings.

N P K*
Shoots 1.93% 0.103% 0.6%
Roots 0.70% 0.043% 0.3%

# Estimate only — estimated using foliar analysis from
field sampling.

Quantitiecs of nutrients removed:

N P X
Shoots 182,10 kg 9.72 kg  56.61 kg
Roots 13.97 kg 0.72 kg 4,99 kg

“Total 196,07 kg 10:.44 kg 61.60 kg -

Nutrients applied under present nursery regime

Nitrogen Phogaphorus Potassium
Fertiliser kg/ha A kg %P205 kg %K2504
Blood and Bone 225 5 11.25 9.15 20.60 -
Potatoe E 400 3.5 14.00 | 17 - 68,00 8 32.00
Agras 18:18 400 18 72,00 | 18 72.00 -
Total kg/he N = 97.25 P205 = 160.60 K80, = 32.00
Elemental nutrient/haiN = 97.25 | P =  T0.12 K = 14.30
x3.5% ha 340.40 245.4 50.20

#Area planted to produce 3 million seedlings.
This analysis does not include any nutrient input from the legume

e i mmd fertilisation of the green Crops



Commenta on the Nursery Fertiliser Regime

The recovery of nutrients applied to crops veries between different

nutrients, crop species and soil tyres. The recovery ils never 100%

and is usually much less. For example it is estimated that annual

crops take up only 5-10% of applied phosphorus, exceptionally high

" yalues of up to 20% have been found for phosphate ~ demanding crops
on phosphate poor soils (Russell 1973 p.590).

The heavy clay soil of the Nannup nursery would have a very high
phosphate fixation capacity, consequently large amounts of phosphorus

.+ need %to be applied to meet the reguirements of the pine seedling crop.

' The phosphorus concentration of 0.103% found in the needles of seedlings
from Nannup is lower than the critical levels suggested by C.5.I.R.C.
for young shoots on mature trees (0.12%)., It seems likely that
phosphorus is limiting growth in luc nursery.

The percentace recovery of applied nitrogen is similar to that for
phosphorus. From the foliar nitrogen concentrations it is obvious
that the seedlings are acquiring adequate nitrogen. Both the legume
green crop and the inorganic nitrogen fertiliser applications would
contribute to the nitrogen supply.

The foliar potassium concentration in the seedlings is not known.

If the concentrations found in mature trees are any indication then
it aprpears that each successive seedlins crop is removing potassium.
from the nursery soil.

Pertilication could be made more efficlent by: increasing phosphorus
and potassium applications; incrgasing the frequency of fertilisation,
this would reduce the leaching of nitrogen and the immobilisation of
phosphorus; use inorganic fertilisers rather then Blood and Bone.

The organic nitroren and phosphorus compounds in Blood and Bone have
to be broken down before they are available to the seedlings,
Alternative fertiliser regimes are attached.

Other factors that may influence seedling growth are:

(1) Water stress may reduce growth during any stage of growth.
The nursery soil is well drained both internally and externally
and this could cause rapld drying of the soil., The efficient
use of fertilisers depends to some extent on the supply of water
to the plant, if water is limiting growth then nutrient uze is
inefficicnt. Soil moisture content could be simply monitored
by using a tensiometer, Soil moisture readings could be used to
determine when to dirrigate the nursery.

(2) The uge of organic fertilisers cuch as Blood and Bone may cause
problems with fungol pathogens o.g., awmmping off nt germination.
The organic matter in such fertilisers provides an ideal medium
for the build up of pathogena in the =o0il, thus inereasing the
l1ikelihood of infection. Due to this fact, and the slow release
of nutrients from organic fertilisers their ugse should be
discouraged.

Reference: B.W. Russell (1973)

So0il Conditions and Plant Growth
10th Ed. Longmanst: London.



Present Regzinme

July/August 200 kg/ha Potatoe E

75 kg/ha Blood and Bone
: Ploughed in 10ecns
Oct/Nov 200 kg/ha Agras No. 1
Dec/Jan 200 kg/ha Potatoe E

150 kg/ha Blood and Bone
February 200 kg/ha Agras No. 1
Total 1025 kg/ha made up of:

400 kg Potatoe E

400 kg Agras FKo. 1

225 kg Blood end Bone
Kutrients X : 97,3 kg

P : T0.1 kg

X 14-3 kg
Ratio N:P:K - 6.8:4,9:1

Nurcery Fertilicer Regimes

(1)

Auzust
(elocer to

Alternative Regimes

250 kg/ha Vigran 9-9-g
planting then

Ploughed in 10cms

Oct/Tov 125
50
Dec/Jan 250
50
Mid Feb. 150
100
¥id ¥arch 250
50
Total 1275
250
275
750
Nutrients N :
P
K :

Ratio N:P:x

kg/ha
kg/ha

kg/ha
kg/ha
ke/ha
kg/ha
kg/ha
kg/ha
kg/ha
kg/ha
kz/ha
keg/ha

Agras No., 1
Superphosphate
Vigran 9-9-9
Superpihoschate
Agras No. 1
Superphosphate

Yigran
Superphosphate
made up of:
Superphosthate

Acras Ko. 1
Vigran 9-3~9

17.50 kg

73.9
56.0

kg
kg

2.1:1.3:1

previously)

(2)

August 200kg/ha superphog= -

phate
30kg/ha Muriate of
Potash
Floughed in 10ecps

Oct/Hov 125 ke/ha Agras No.
100kg/ha superphos-—
rhate

Dec/Jan 125kg/na Agras No. 1
30kz/ha Muriate of
Potash
100kg/ha Superphos-
: phate

¥id Feb.150kg/ha Agras No. 1
100kg/ha Superphos—
phate

Mid Mar.175kg/ha Agzras No. 1
100kg/ha Superphos—
phate-
30kg/ha Muriate of
Potash

Total 1265kg/ha made up of:

600kg Superphosthate
575kg Azras No. 1
90kg Muriate of

Potash
Nutrients N : 103.5 kg
P : 103.0 kg
X : 44,8 kg

Ratio N:P:K - 2.3:2.3:1




NP INITIAL TFERTILIZER TRIAL

File No. 244.113.14

This trial was established to see whether applications of some
combined nitrogenous and phosphate fertilizers would give greater
growth to that achieved through the application of a phosphatic
fertilizer,

The fertilizer treatments, and their compositions are presented
in Table 1. The fertilizer was buried 10 centimetres below the
soil surface near the base of the newly planted pine. The trees
were measured for four years after Iransplanting.

Where both nitrogen and phosphorus was applied growth was far
greater in the first year than where only phosphorus was applied.
For the NP fertilizers, at a given rate of P, the amount of N or
form of P did not appear to significantly affect growth.

In the third year since transplanting there was little difference
between the NP fertilizers and the P fertilizer where greater than
9g/tree of P was applied. This may reflect the ephemeral response
to nitrogen on these soils.

The cost of Agras and Vigran is far greater than the Super or Super
and Agrar mixes suggesting these fertilizers would not be cost
efficient means of supplying N and P. The ratio of N:P which is
optimal for pine in the Sunkland is 1:2. The fertilizers in this
experiment had ratios of between 2-4:1 and 3+7:1. Therefore, greater
growth in response to NP mixtures could be expected than was achieved

in this experiment,

TABLE 1: Initial fertilizer treatments.

~ Fertilizer Type|N % P % K % |N:P| Forms of nitrogen and phosphorus
“-“Agras No., 1" @ 17.5 7.6 2.3 | Ammonium sulphate  Ammonium phosphate
(“Super + Agran 1; 13.4 5.5 2.4 | Ammenium nitrate  NMonocalcium phosphate
. 3uper + Agran 2"|16.8 4.5 3.7 | Ammonium nitrate Monocalcium phosphate
"Super 22%" 9.1 Monocalecium phosphate
l Vigran 999" G,0 3.5 7.4 | 2.5 | Ammonium sulphate Ammonium phosphate

¢) These fertilizer types are mixtures of "Super22%" and "Agran 34.0"
nrormaroed hy the Boarestas Nanardment
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THTERMAL  IFOUND  AITLICALION OF TIL3 TIMNIWIAT. TPERTILILZER

JOR 0 DUNKLAND  TLAUTATION  TINE

i .

)d!|’, EERER . ‘f.

The establichment of pine, principally P. radiata on the poor colls

of the Donnybrook Sunkland has resulted in the increasing use of
nitrosenous and phosphatic fertilizeru by the Western Australian

Porests Department.

The initial fertilizer reguirements of the youns rine are curvently
provided as a surface spot application at the time of planting

in winster. This is applied from a hopper mounted on the planting
machine, or manually in wetter arcs of the plantation where the
pine is hand planted. Tine arnlication of fertilizer during the
mounding oreration in aubtumn is a potential mechanical reans of
applying fertilizer to the wettcer arcas of the plantation.

These experiments were established to determine whether line
aprlication of Superpnosphate 225 and Agras 18:18 (an inorganic
NP fertilizer) was a more effcctive mcans ol applying inltial

- fertilizer than a surface spot application.

IS THOD

Both trials ﬁere established in Jarrahwood Tlantation, 30kmn

cast of Busselton. The native forest was cleared, windrowed and
burnt. The area was disc.ploughed and the planting lines were

mounded.

Bxyperiment 1

Tour rates of fertilizer were arplied:

1. 363n/tree (= to 143z/retre) Superphosphate 225 Spot
application. '

2, 143a/metre Superphosrhate 22% nound application.

3. 285z/metre Superrhonsphate 227 mound application.

4, 570gz/metre Superphosphate 225 mound application.



The mound applied fertilizer treatments were laid out by hand
in a continuous line along the mound. The mound was reformed
to simulate mechanical placement of the fertilizer within the
mound. .One year.old P. radiata scedlings were then planted

into the mound. The surface spot application was applied at

the time of planting.

The experiment was laid out as randomized block of seven replicates
with line plots of 40 trees. lHeight was assessed annually for

three years.

Lxperiment o
Five rates of Agras 18:18 were applicd.

1. 100g/tree curface spot application.

2. 40g/metre (= 1@0g/tree) mound application.
3. 80g/metre (= 200g/tree) mound application.
4. 160g/metre (= 400g/trce) mound application.

5. 320g/metre (= 800g/tree) mound application.

In the latter four trecatments the fertilizer was laid in a
continuous band along the mound. The lines were rerounded in orqder

to bury the fertilizer. One year old I, radiata seedlings were

planted in July, two months after fertiligzer application. The
surface spot application qf fertilizer was applied at the time
of pine planting. All treatments received a low volume foliar
spray of ZnS04, CuSO4 and Nn304 in December. ‘

The ‘experiment was laid out as a randomized block with four
repiicates of 25 tree row plots. .The trees were spaced 25 metres

apart in the row.

Height was assessed annually. Diameter at 1.3 metres was
measured at age three years and used to calculate basal area.



RESULTS

Txperiment 1

By age two years there was a significant (p<0.05) height growth
response to 1600kg/ha of Buperphosphate compared to the other
treatments (Table 1). The surface spot dpplication treatment
had given a significant (p«0.05) increase in height growth

over the equivalent rate per hectare of line applied fertilizer.

TABLE 1

Experiment 2

survival of the pine was greater than 90%-.-at age one year for all
treatments, with mortality being highest for the surface spot
application of Agras (Table 2).

TABLE 2

By age three years the two higher rates of line applied Agras
were significantly different (p<;0.05) in height increment than
the two lower rates and the spot application treatment (Pig. 1).
Optimum response was obtained at 160/ metre (FPig. 2).

FIGURE 1

FIGURE 2

1

There was no significant difference (p<0,05) between the surface
spot application and equivalent line application rate at age

three years for height (¥ig. 1), diameter or basal area (Table 2).

L /4



TABLE 1 Height growth (C.A.I.) of P. radiata in response
to fertilizing with Superphosphate 22%.

Treatment Height (cm)

1st Increment 2nd Increment
1600%z/ha 81.3 | 1441
363g/plant: 7.9 130.3)
800kg/ha 76.0 127.4
400%kg/ha 69.3 123.3
Significance p <« 0.05 p «0.05




Significance

TABLE 2 Survival angd growth of . radiata after
fertilizing with Agras 18:18.

Treatment Survival (%) D.B.H.O.B. (cm)'l B.A. (m?)
at age one at age three years
year

100g/tree 93 2.65 I .O164|

40g/metre 100 2.84 .0208 l
80g/metre 100 3.37 .0264
160g/metre 97 4.12 ‘ .0352
320g/metre 99 4.36 .0416
p< 0.05 p < 0.05




Figt Halght growth of P.radiota inresponse to fertilizing with Agrus
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DISCULGSION
These results show that buried line application of Agras 18.18 is

an egually effective means of applying fertilizer to the young
pine compared to surface -8pot application. Optimum response
would be obtained at 160g of fertilizer per metre. In contrast,
when Superphosphate was applied surface spotl application was

the more effective method.

Bvidence from other trisls suggests burying Agras leads to
better survival and growth of young pine than a surface application.
The correct placement of Agras arypears important in censuaring

Loxic effects on the young pine are avoided,

Application of fertilizer mechanically aldng the mound appears
feasible if Agras were to be used. Should Superphosphate be
used, much higher rates would neecd to be applied to achieve the
same pine growth as for a spot application next to the plant.



BIOSUPER _EVALUATION EXFERIMENT

Local Experiment File No: 244.113.16A

This study was initiated to compare the efficiency of Superphosphate
22%, rock phosphate and 'biosuper' as sources of phosphate for one

year old P. radiata D. Don under Sunkland soil conditions. ‘'Biosuper’
is a biological fertiliser made by pelleting 5 parts of rock phosphate,
1 part of elemental sulbhur and a small quantity of innoculum of
thiobacilli.

Four rates : 50, 100, 200 and 400 grams/tree of each fertiliser type
was applied as a spot application and speared in 10 - 15cm away from

each plant.

Analysis by factorial design of the combined increment growth (1976 -
: 1978) showed that Superphosphate 22% was better (p< 0.01) than
i. biosuper or rock phosphate. 200 grams per tree was the best rate,
being significantly better (p< 0.05) than 50 grams per tree.

Foliar analysis trends indicated marginal foliar levels of phosphate
with rock phosphate being especialiy low (see Table 1)

g TABLE 1: 1978 Foliar analysis data - % Phosphorus
P GMS/TREE | SUPERPHOSPHATE 22% | BIOSUPER | ROCK PHOSPHATE
| 50 .076 076 061
k 100 .089 07T .051
é 200 . 104 .085 .066
400 - ,098 .148 .076




FIGURE 1: Effect of 1nitial apphéatlon rates of rock phosphate, biosuper and superpfsphate
on combined 1ncre1rent growth (1976 - 1978) of P. radlata in the Donnybrook
: ,Sunkl&rds. T

._E_JRock Phosphate

-' Superphosphate 22%
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Agpects of the N and P nutrition of P.radiata

W.P. 6/77 File 244.113.14

P T S WU VP O

Two rates of Super and Triple Super were applied to
P.radiata either alone or with ammonium sulphate. Two blocks
of the trial were in Jarrshwood Plantation, the other was in
the Collie Coal Basin. The fertilizer was applied to the soil
surface around the tree, o

There was no significant differences between treatments in
height growth in the first year but considering the data from the
Sunkland and Collie Coal Basgin individually some trends are
evident.

P.radiata grew better without fertilizer at Collie, reflecting
higher native nutrient levels in the coal basin than in the
Sunkland. Nitrogen alone depressed the growth of P.radiata at
both sites. Phosphorus markedly improved growth in the Sunkland
but not at Collie. Nitrogen in combination with phosphorus
slightly improved the growth of P.radiata compared to phosphorus
alone in the Sunkland but the reverse occurred at Collie.

Survival at both sites was slightly improved by applications
of phosphorus but was depressed by nitrogen or NP combinations.

Deficiencies of copper and zinc were widespread at Collie.

The lack of response to N and P at Collie may be due to
other nutrients such as zinc and copper limiting growth. The
higher native nutrient levels may also have mitigated against
a response.

In the Sunkland phosphorus is essential for the establishment
of P.ratiata. This trial showed small additional gains in
growth occur when nitrogen is also applied. Excessive amounts
and incorrect placement of nitrogen however can lead to deaths
and reduced growth.
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BFFECT OF LIMING OFR E3TABLISHNENT AND GRO¥TH OF P. radiata

wW.P. 9/77 " File No.: 244,113,110

The soils of the Sunkland are slightly acidic. This trial was set up
to see whether lime would raise the pH and hence affect rine
establishment and growth.

The three treatments were:-

Te No lime.
2. 2.5 tonne/hectare lime,
3. 5.0 tonne/hectare lime.

There were four replicates of each treatment. All pine trens received
200 g/plant of Agras No. 1 at establishment and 2 zinc, manganese
and corper sulphate spray six months later,

Liming significantly decreased height growth of the pine and there was
a trend of a decrease in survival. Soll pH was increased by the

application of lime.

" Lime should not be applied toc newly established pine on these coils.
Only when soils are very acidic chould iiming be considered.

TABIE 1: The effect of lime on the survival and growth of P. radiata

in the Sunklands.

TREATIVENT HEIGHT INCREMENT (cm) SURVIVAL pH
(One Year 01d) (ARCSIN)

Control 58.3 a - 51 a 6.1 =

2.5 tonne/ha

lime 49.4 ab 49 g 5.7 b

% tonne/ha

lime _ 43,0 b 39 a 6.6 D

p < 0,05 p < 0.05 p € 0,05



METHODS OF INITIAL NITROGEN APPLICATIONS FOR
'PINUS RADIATA

File No. 244.113.112

This study was initiated to investigate the use of cellophane bags
as a means of slowing down the release of different nitrogen
fertilizers. The trial was in Jarrahwood Compartment 3 on lightly
textured sandy soil overlying heavy clay.

Four replications of the following twelve combinations of treatments
were applied to one year old and recently planted Pinus r¥diata.

The different areas were treated as separate trials and were not
combined for analysis. All trees received 150gm of superphosphate
22% at the time of planting.

Fertilizer Agran

Urea

Ammonium sulphate

Control (in recently planted pines only)

Rate 100g

50g
Method of Surface = applied in a circle not less than
Application 10cm or more than 20c¢m radius from the stem,

Buried - contained in a cellophane bag and
buried in a shallow depression.

One Year 0ld Pine
Statistical analysis showed no significant difference between tree
height or height increment.

Recently Planted Pine

Agran was responsible for significantly greater {p 0.05) height
for all rates and for each method of application than Urea, A
significantly greater (p 0.05) height growth response was given
by burying 100gm of any of the three fertilizers than the same
amount applied to the surface. A surface application of 100gm of
Urea showed a slightly toxic effect on height growth response, and
both 100gm and 50gm of Urea reduced survival.

ses/2



Total

(cm

The use of cellophane bags may be of benefit when using nitrogen
fertilisers that are likely to be toxic. The necessity to bury
the bags may have had an effect on the outcome of this trial as
ammonia will have been released in the soil rather than straight
into the atmosphere. The logistics of using bags on an
operational scale becomes impractical. A better approach may be
the coating of nitrogenous fertilisers to attain the desired slow
release characteristics.

FIGURE 1: Total Height Increment from 7/76 to 7/78
for all treatments,

X
Height Increment
220
200 N
180 .
1975 Planting
160
140
120
100
80 1976 Planting
60
40
B ~ Buried
20 S ~ Surface
Application
S 50 1009 100 50 100 50 10050 100 50 100 Rate
B s B 5 B 5 B Me thod
g Fertiliser
o Agran Urea Ammonium

Sulphate



N.P, AT PLANTING, T.72 CUNDINUP 1

File No. 244.113.24
The trinl at Cundinup 1 was established to determine whether
land that had prior fertilization and legumous pasture would
carry a rotation of pine withouil further use of fertilizer.
Only part of the plot was fertilized to determine whether
additional T was still necessary and whether additional minor

elements were beneficial.

The area wad mounded with the mounds running NV-5I and vorox
b}

was applied at 2.3kg/ha"1. Four treatmenls were aprlied, thece
were a) Super 22 at a rate of ?25g/tree"1
b) no Tertilizer at all

e) super 22 at a rate of 225;{?;/1:1‘9(3"1 plus ‘353,\/tree—1 of
P

minerals o©
and 4) 55g/tree—1
These treatments were applied on 7/9/72 and were speared in.

of minerals only.

Each plot was 4 trees x 4. trees and was replicated 6 times
giving a total of 384 trees. EBach replication of four plots wan

separated widely so as to cover site variation.

Measurements were %aken on Lhe 3/5/73 and it was found thabt Lhoro
were no significant differences between the treatments with btho

! of minerals which showed higher averagoc

exception of 55g/tree”
“measurements than the others. This was due however to only ono

particularly tree in replicate 4 that boosted the averages.

After measurements were taken the whele plot was foliar sprayed

with n50, 2.5% and Zn30, 2.5%%, this took place in November 1071,

4 4

After the results were analysed there was no significant differencer

between treantments with the exceyption of 5‘J';-@",'/tree"1 of mincral:.
Mhis shows that 1land that has been Tertilized prior to plantin«

will suvnport a rotation of pine without additional fertilizer.

Tt was also noted that survival rates in this trial were ver
Y

low, This was due mainly to the high incidence of rabbit damage.






~ INITIAL NITROGEN AND PHOSPHATE FERTILISER REQUIREMENTS IN RLLATION

70 MECHANICAL PLACEMENT METHODS

This study was initiated because of high moxrtality following
machine planting. This was thought to be due to tho placemont
of fertiliser in close proximity to the stem of Pinus radintn

D.Done seedling.
The aim of the trinl was to show which placement method and
fortiliser rate would be most suitnble at time of planting.
Four fertiliser rates were applied: Apras (18:18) 100, 75
and S0 groms per tree, plus Apgras (18:18) 25 grams and Super—
phoaphate 22 per cent 75 grems mixed. Four placement methoda
were tested for each of the fertiliser combinations, using a
Factorial designg
a) Surface spot ~ the fertiliser was placed *15 centimetres
from and on eilther side of the pine in the compacting wheel
rute (was the current planting machine method) an’ the mound.

.b) Buried in plantine slot - the fertiliser wase placed by machine

in the planting slot 15 centimetres ashend of the pine.

¢) Shallow buried in ruts -~ the fertiliser was manually covered
with 5 centimetres of soil after boing placed in the compacting
wheol ruts.

d) Decp buried - the fertiliser was manually speared into the
ground, 15 centimotres from the pine on elther side in the

wheel ruts, to a depth of 15 centimetres.

Growthh of trees was greater in the northerly block than the
southerly block (p 0.001}. This was poasibly duvwe to soll type,
waterlogring or thick sorub in the southerly block. The deep
buried tochnique gave the greatest height growth (p 0.05) and the
boot survival (p 0.001) of the placement methods (see FIGURES 1 &
2). The buried in the slot method resulted in the worst tree

survival, being siénificantly worse (p<4 0.05) than other placement
methods. Optimum growth and survival will be achieved by a deep
buried application of 25 grams of Agras plus 75 grams of Super-
phosphate,
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SINGLE SPOT  INITIAL N~P TFERTIITZER  TRIAL

W.P. 10/80 : File No.: 244.113.114

. For besgt results from initial NP fertilization of P, radiata the
placement of the fertilizer is important. To avoid damaging the pine

roots it has been found beneficial fo bury the fertilizer in a slot on
one side of the trce (Woods and Porests Department, S.A.). This
provides a zone of soll free from the toxic effects of nitrogen.
Placing fertilizer on the soll surface either side of the vine lead

to a mortality of 16% for P. radiata and 49% for F. pinaster in the
Sunklend in 1979.

This trial was to see whether placing the fertilizer one side of the
tree either on the surface or buried would give better survival and
growth than a surface application nn both sides of the tree,

The treatments were:-
1o surface spot on both sides of the newly planted pine of 100g

Agras No. 1.

2 Surface spot on one side of the newly planted pine of 100g
Agras No. 1.

3a 3lot application on one side of the pine of 100g Agras No. 1.

4, Surface spot on both sides of the vine of 150g Super CuZnlMo No. 2.

Good survival was achieved with all treatments (greater than 95%).
There was no difference in height growth in response to any of the
Agras treatments (Figure 1). The response to the Super CuZnlfo ¥c. 2
was-initially poorer than to the Agras treatments bur had imuroved by
the next increment period. This better long term response to Surer
compared to Agras is also evident in other trials. While not arparent
in this trial, buvrying the fertilizer has given better results than

a surface application in othrr trials.
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R . ey . s .
7inec and copper regiivements for . radiata grown with

tSuper and Clover! .

Pile No.- -244.115.12

7. radinta reusponds Lo nolld applicntionn of winc andl

copper when applied with superphosphate (Fefirath, 1978), ‘The

fertilizer regime used al pretent i to broadenst 500 keo/lr ol
Super Cudnllo No.2 (to establish the clover) and to place 1504
Super Cusdn'B' next to cach pine nt planting.  lew deficlencies

of zinc and copper have been obrerved #ith this regime.

Phe 4rial was to investieale whether vine and copper
sulphate, applied as A folinr svray would lmprove erowlit o0
folinr nutrient levels of Lhe pine, when grown with the 'Guper

and Clover' regime. The btrinl was laid down in 1920 on a yellow

gandy loam and a grey sandy lomne. Albernsting strinps of sprayoed
: . and unsprayed pine were laid davri.  There were four strips of
: each treatment at each site.10 kqhud1 of #sinc and 0.5 kgha*1 of

copper were applied 6 months after planting. 200 kgha—1 of

Super was applied when the ninews were two years old. A& furbher
p

foliar spray of 10 kgha—1 ving nd ,5kgha“1 of copper was

aprlied 3 months after this.

S

Inadequate replication precluded statistical analysis.

, The foliar zinc and copper Hprays had no effect on the
o height of the pine, at least, lor 2} years afier ecteblishment.

There was no difference in the [foliwr levels of N,F, %n or Cu

o of 2% year old trees between treatments even though zinc and
copper sulphate had been applicd only $ months previously. The
only difference between ai boe wan Wicher Foliar levels of phounphorit

on the yellow sandy loam.

. v . " .

This datn sugaoesis adequate winc and copper a2re belns
: applied to the pine at esbablishpent and bhis will susinzin the
B reguirements of the pine Por ab least 3 yvears. Troces of winc

and copper in Buper apelied ot e 2 oyonrs may nlso bhe

LIS R



3
contributing to the supply ol these nutrients to the pine.

A further trial has been eslablished to identify the roles
of the broadeast and spot applications of fertilizer in yproviding
zinc and copper to the pinc. '

TPigure 1. Response of P. radiats to foliar sprays of vwine and
copper sulphate. Tolisr nutrient levels were
determined for 23 yenr old trees. Height increment
is from 1% to 2% yearu of age.

Grey sandy looam Yellow sandy Joam

Zine and coprer |[No snprays “inc and copper| No Sprays
sprays sSprays

P 0.18 0/18 0.23 0.24
Cu 5.71 5.00 5.35 5.67
in 34.32 31.32 34.81 37.85
Height (cm)
Increment 85.6 91.3 95. 1 35,2



; . Lon

Initial fertilizer to establish P, pinasfér

File 244,113.1

This trial was to investigate the initial fertilizer

: requirements for P, pinaster. The spot fertilizer treéatments
were: | - B u :

4+ 100g/plant Agras Np. 1

- 150g/plant Super g

-~ 150g/plant Super CuZn'B!
: The fertilizer was applied to the soil surface to one side of
o the plant. Bach plot was divided, and half received 5%
| ZnSO4
after establishment.

and 0.2% CuS0, foliar spray. This was applied 6 months

Each treatment was replicated four times. This trial,
was established on two sites, one clovered and one un-
clovered. The clovered site received 500 kg/ha Super CuZnko
No. 2 at establishment and 200 kg/ha Super two years later,

Height increment from 0.5 %o 2.5 years and survival
at age 2-5 years was anglysed using ANOVA for a factorial
design. There were no significant differences between any
treatments either in the clevered or non-clovered treatments.
Growth overall was greater on trees in the clovered than the
non-clovered plot,

Agras gave the poorest survival in both the clovered and
non-clovered treatment. Survival was better overall in the
clovered plot. \

Foliar sprays of,6 zinc and copper aren't necessary when
establishing P. pinaster, The need for nitrogen can't be

determined from this trial. The differing amounts of

phosphorus makes interpretation of the response to initial
fertilizers difficult. The greater height growth on the
clovered plot may be due to the large applications of phosphorus,
inputs of nitrogen or a site affect,



Height (em) (0.5 to 2.% years)
- clovered plot ' '
1, . r . . ) {" j'“ ;"E"
' 150g Super CuZn'B! 176 .
150¢ Super - 161 Zn & Cu foliar sprays 161 I
100g Agras No. 1 156 No foliar sprays 168
vl ; f
Non—-clovered plet. . 7 | - |
150g Super 149 i .
100g Agras No. 1 143 Zn,&'C? f°11a?_SP?§¥s:,r150;[
150g Super CuZn'B' 142 No foliar sprays . . 140
Y o ’ . r "' L
Survival (% apcsin) age 2-5 yvears - ‘ o,
clovered plot- i .
150g Super CuZn'B' 80 . P :
Y, i | & = o o
150g Sgper 80 in & C? foliar sprays 7J-[
100g Agras No. 1° 74" No foliar sprays .. 16
Non—clovered plok
150é Super CuZn'B’ T4 I . :
150g Super 70 | ‘n & Cu fgllar SPrays 70
. y - o ARTae ’ ! g o]
100g Agras, No. 1 61 No fc;lar Sprays 68

Table: Height and survival of P. pinaster in reéponse fq
initial fertilizer applications.

r



244.26

+

Initial fertilizer reguircmeénts for P, taeda

This trial was to determine the bect of three fertilizers
arrd to gee whether zinc and conper foliar sprays are necesusary
to establish P. taeda.

The spot fertilizer treatmunts were:
- 100g/plant Agras Wo. 1
- 150g/plant Super
-~ 150g/plant Cuper Cuin'3d!
The fertilizer was apprlied to the =~oil surface, to one side of
the pine. The plots were divided in two and half received a
5% 7n 50, and 0,27 Cus0, foliar srray, 6 months after establishrment.

There were 3 replicaten of ench treatment.

Super CuZn'B' gave the groetieut heicht increment. The
zince and copper foliar sprays did nol affect the growth of the
pine. There were no differences in survival between any

treatment,

Interpretation of thic exporiment o d{fficult, beins
complicated by a different amount of rhoophorus being applied
with Aeras., Wowever, foliar oprays o not wrnesr necevunry
to establich . taeda and 150s Suver Cu'n'3' 16 superior to

100z Agras No. 1.



[
-2 -
"
o “mable: Height and survival of P. taeda in response to initial
g fertilizer applications.
p Height (om) 0.5 to 2.5 years
' 150g Super CuZn'B! 187 ,
150g Super 171 Zine & copper foliar sprays 164 I
f 100g Agras No. 1 131 I No foliar sprays 162
tj o .
' Survival (% arcsin) 2.5 years
' 150g Super Cuin'B' 73
. 1508 Super 65 Zinc % copper foliar sprays 62 I
100g Agras No. 1 59 No foliar oprays 68
Bars denote significance at 995% level
‘T;[
i
.
N



P, elliottii INITIAL FERTILISER TRIAL

W.P. ' Pile No.: 244.113.1

The trial was established to investigate, the initial fertiliser
requirements for Pinus elliottii. It consisted of six treatments,
three of fertiliser with foliar sgpraying and three without., The
fertiliser treatments are as follows:-

Te 100gm (Agras) 18;18

2.  150gm (Super 22%)

3e 150gm (Super Cu Zn)

1 1

Foliar sprays were 5% Zn So, at 10kgha™ ' and 0.2% Cu So, at .Skgha .
The trial was established on a c¢lovered ares and a non clovered area,
the treatments were randomized and replicated four times.

Fertiliser wags placed in a heap on one side of each tree, This and
the foliar spray treatments were applied by hand. Planting and
fertilising took place in July 1980 and foliar spraying took place
in December 1980. Height of the trees were measured annually.

The results of the trial up to 1983 have shown that there is no
response to foliar spraying. The response to Super Cu Zn and
Super 22% has been greater than the Agras 18:18. Although, not
analysed there was a greater response to Agras 18:18 and Super 22%
on cloveredground than there was on non-clovera{ground.

Because there was no response to foliar spraying and the response
to Super Cu Zn and Super were the same it can be assessed that
there is no response to Copper and Zinc by P. elliottii.
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Solid applications of zinc and copper on Sunkland P. radiata

Tnterim Report o e

W.P. 18/82 - o 4 File MNo. - 244.113.14

Recently it has been shown that where P, radlata is spot
fertlllzed with Super CuZn'B' and clover is also established with

(Super CuZnlo No ,2), sdequate levels of zinc and copper are
achieved. Thls “triel sims to identify the source of the zmnc and

copper.

- s

The trial was in a split plot design with the major plots
arranged in a randomized block layout with four replications, The
treatments were;

. Wajor plots (a) 500 kg/ha Super CuZnMo No.2 + 12 kg/ha clover
(b) 500 keg/ha Super CuZnMo No,2
{c) No broadcast applications

Sub-plots (a) 150 g/tree Super. Surface spot application
(b) 150 g/tree Super CuZn'B'. Surface spot
application,

The experiment was laid down &t a grey sand and a yellow
sandy loam. Zinc levels of the.soil were determined prior to
treatments being applied. 10 months after establishment of the
trial, nutrient lévels of the soil and the foliuge were determincd.

The extractable levels of soil zinc were very low and were
slightly higher on the ‘yvellow sandy loam (0.10 ppm) than the
grey sand {0.06 ppm). fhe broadcacst application of Super Cuinlo
Mo.2 raised the soil levels of Zn, Cu and P gs expected, there
was no improvement .above native levels where there was no
broadcast application. There was no increase in the Jevels of oail
nitrogen, even with clover.

Foliar levels ol N, P, Zn and‘CuJWere adequate for all
treatments on both sites except for Cu on the zrey sand site., There
were few differences between treatments although the brozdcast
application appears to have merginally increased P and Zn levels

v /2



above those achieved with a Spoﬁ_application only. Surprisingly,
& spot application of Super has provided similar levels of Zn and
Cu_as. other treatments. It . is probable that deficiencies will

+

become more apparent over the next year.



Figure Seoil

Poliar Mutrient Levels Soil Nutrient ILevels
Grey Sand Yellow Sandy Loam P Grgy Sand Yellow Sandy Loam
(%) P(%}| Zn cu  |N($)| P(#) on Cu N{#)| P(%5) ]| Zn [eu \E";“(?é) P(%4)|2n  |Cu
h - -~ N
oy T oy T ol " om)(prm
. (rom)| (ppm (eom) |(pp™) o (ppm)(prm) e (pem] (prm)
500 kg/ha Super CuZnlo Mo.2 - : - :
clover 1.49/0.18|21.84 1.841.55|0.21] 25.53} 4.18}) .052}3.55|0.3810.31].035/2.44{0,320.15
150 g/tree Suzer B - 3
500 kg/ha Surer CuZnio MNo.2 o
clover 1.4500.19(25.220 1.46(1.52410.15132.94]4,00| .068|2.3410.25610.27|.035614,7810.862{0.30
150 z/tree Suzer CuZn'?2’
520 kg/ha Suzerslulnio V2.2 -
150 z/tree Suxver 1.2910.16125.50] 1,33 1.35]0.13{21.271 2.158] .05£|2.0810.34(23.431.037{3.56[0.53 [0.24
500 kz/ha Super Culnic Jo.Z - N =
130 z/tree Super Culn'3! 1.3210.1624.101 2.256 {1.45[0.21]25.44]5.20| .0561{4.35|0.35[0.35].041[4,10[0.53 (0,25
150 g/tres Super 1.£410.13116.15]1.60 {1.50(0.18]25.98|3.98| .058|0.55(2.11 [2.03{.041]1.956|0.23 [0.07
150 g/tree Suger Cuin'3! 1.4510.13112.20 1.8g 1.4410,17122.0114.171 .08410.581[0.14 .05 {.044(1.14]0.27 [0.05
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INTER-RON REFERTILISING

TLocal Experiment File No: 244.113.26

Healthy Pinus radiata was broadcast fertilised one year after planting
with three rates of Superphqosphate 22% at the following rates : 400,

800 and 1600 kg/ha.

The fertiliser was broadcast iniband covering three planted rows
with the centre row of pine being measured annually for four years.

Analysis of variance of height growth over five years and annual
height increment showed no significant difference between the treat-
ments. The trial lacked a control treatment which makes it difficult
to assess the value of inter-row refertilising at age one, compared

with not refertilising.

TABLE 1: Total height and increment 1976 - 1981

TOTAL INCREMENT
TREATYENT
HEIGHT 1981 154 ond 3rd 4th
400 kg/ha 452 60 86 108 135
800 kxg/ha 463 55 85 117 142
1600 kg/ha 491 73 93 121 136




NATIVE LEVELS OF NITROGEN AND PHOSPHORUS

[N

W.P. 19/8B2 ' Pile : 244.113.29

S0il sampling of a yellow loamy sand in the Sunkland revealed the
following native levels of N and P. The generally accepted limits
for the growth of P. radiata are also quoted.

Sunkland Limits for P. radiata Growth
Total N (%) 0.035 0.07 i <
Total P (ppm) 10.3 100 L7 ﬁ}f???
Available P (ppm) 2.1 20 4 .. P b
(HCO3 ext.) 5 .
u}‘f-,;-'

Obviously considerable inputs of N and P are required for the growth
of P. radiata.




SUPERPEOSPHATE AND ROCK PHOSTHATE MOLILOCY 14

W.P. 25/74 File No. 244,113.22

This trial was to determine the most effective source, and the
optimum broadcast application rate, of phosphate, on Pinus radiata

in the Sunklands. ,7
. Jectpne

The trial was designed as & Latin-Sgumre and was not replicated or
randomized. Height and foliar nutrient levels were collected from

5 subplots within each treatment plot. Rock Phosphate (R.P.) and
Superphosphate 22% (S22) were broadcast spread 2 years after the
pines were transplanted. Application rates ranged from 0 - 400kg ha™
for R.F. and from O — 600kg ha™' for S22, with 211 possible combination:
of these rates being applied.

1

Foliar P Levels In Response to Treatments

=
TABLE 1: 322 R.F. (kg ha ')
(kg ha™ 1) 0 200 400
0 0.115% { 0.118 | 0.116
200 0.128 0.139 C.171 0.140 1is ade@uate
400 0.139 0.176 | 0.163 for pine growth
600 0,164 | 0.189 | 0,189 (WILL 1978)

SN
-Figu}e 1 shows that R.FP. alone did not raise the foliar P.
concentration to a level considered adequate for pine growth. TFoliar
P increased with increasing rates of S22, Figure 2 shows the height
growth response following fertilizing. There is increased growth
wnere 522 alone was applied although no clear trend is evident to
indicate the optimum rate. The growth response to R.F. alone
increased with rate, which is incounsistent with foliar P.
concentration {(Fig. 1). The best overall growth was achieved by

an applicetion of 200kg na”! R.T'. with 200 - 600 kg ha™1 of S22,

The optimum application rate and the most effective source of P
cannot be recommended, as the itrends discussed may be influenced
by site factors as much as by treatments. A better designed trial

would be needed %to answer these guertiona.
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1975 ROCK PHOSPHATE - SUPERTHOSPHATE EXPERIMENT

W.P. 3/75 File No. 244.113.11

This triel was to detexrmine the optimum pre planting broadeoast level
of phosphate (P) on Pinus radista in the Sunklands, and to compare
the effeotiveness of using Superphosphate 22& (822) or Rock Phogphate
(R.P.) as the source of P,

The trial was not repliocated, with height snd foliar nutrient levels
being collected from 5 subplote within each treatment plot. 5 rates
of each fertilizer, ranging from 100 to 1600 kg ha™! were broadeast

spresd and lightly oultivated in prior to planting., Routine foliar

sprays and a spot applioation of 120gm tree™! of S22 were applied

to 811 treastments,. '

As the trial was unreplicated, only tronds, and not statistically
viable data ocan be gained, from the results. PFigure 1 ghows height
versua application rate for each fertilizer,

Growth rate increases with application rate of S22, Foliar levels

of P follow the same trend and are oonsidered adeqguate for rates

of 400kg hza.""1 snd above, For R.P. the growth response to application
rate i1s confusing due mainly to extremely depressed growth rate at
400kg ha"1. This may be dus to site difforences or a wrongly applied
treatment. Growth was depressed at 1600kg ha™!, indicating a
possible toxic effect at this level. Folier levels in response to
R.P. rates of 800kg na™! end above were adequate. Below this rate

levels were inadequate, but showed no obvious trends,

There appears to be a positive response to pre planting broadcast
of both 822 mand R.Ps The optimum application rate and the most
effective source -of P, cannot be recommended due to inadequate triael
design, PFurther investigation would be necaessary to answer these
questions, '
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EVATUATION OF COMPOUND NP FERTILIZERS FOR THE
E3TABLISHMENT OF P. radiata

W.P, 7/77 File No,: 244,113.18

The aim of this trial was to compare the growth of pine in response
to several compound NP fertilizers on the basis of equal nitrogen

or phosphorus content.

The higher rates of nitrogen lead to poor survival, even where there

was an adequate balance of phosphorus {N:P of 1:2),

70 g/tree of MAP gave good growth and survival. Possible reasons
for this are the correct balance of N to P and the amount of nitrogen
applied would not cause mortality of the newly planted pine.

TREATMENT N:P | HEIGHT (cm) | SURVIVAL (%)
% — 2% YFARS

300 g/tree M.A.P, 1:2 196 abe 56b

200 g/tree D.A.F. | Bqual | 1:1 179 ¢ 53b

200 g/tree Agras N 1:% 189 be 34D (1 g p.ts
400 g/tree Vigran 1:% 248 a 53b Epk.é.é5 ;
70 g/tree W.A.P. |Equal 1:2 226 abc g5a

80 g/tree D.A.P. | T 1:1 181 be |  81a

TABLE; Growth and survival of P, radiata in response to several
NP fertilizers.




Effect of Suiphur on establishment and growth of P. radiata

w.T. 8/77 File No. 244.113.19

This trial was established to investigate whether sulphur
applied with triple super or triple super and ures would improve
survival or growth of the pine.

The treatments were;
100g triple super
200g triple super b 50g gypsum ¥ 50g Ures

; This factorial triel was laid down in a randomized block
design with four replications.

The application of gypsum nor the increased rate of triple
super had any effect on the survival or height of the pine, Urea
adversely affected both survival and height of the pine.

The extra triple super increased the foliar phosphorus levels
although levels were adequate for all treatments. The addition
of gypsum has had very little effect on foliar sulphur levels.

: The levels of copper were adeguate but zinc and manganese levels
$ were very unsatisfactory and are probably limiting growth of the
pine.

There is no need to apply gypsum to P. radiata at
establishment. Applications of Superphosphate probably provide
adequate sulphur. Zinc and copper need to be applied to P. radiata
grown in the Sunkland. Nitrogen should not be applied as urea.

No more than 1OQ g/tree of triple super needs to be applied to
establish P, radiata.




ATRAZINE APPIICATION TRIAL

Local Bxperiment ' File No.: 244,113.115

The aim of this trial was to determine if atrazine stimulates the
.growth of P. radiata under Sunkland soil conditions. Super 22%
150 g/tree and Agras 18:18 100 g/tree was applied to three plots
each at planting. Atrazine (80K w/w ) was applied using a pack

spray in a 0.4 metre strip along the planting mound at rates of O,
2.5 and 4 kg/ha. ‘

The data was unable to be analysed due %to lack of replication. Trends

indicated that Super gave better growth than the Agras treatments and
there was no response to Atrazine.

TABLE 1: Height growth and increment over 2 years (1978 - 80)

FERTILISER | ATRAZINE | MBAN TOTAL
@ PLANTING KG/HA | HEIGHT 1980 | INCREMENT (1978 - 80)
4 0 292 191
Super 22
150 a/tree 2.5 284 180
4 280 181
8.1 0 248 156
Agras 18:1
4 251 , 159




THINNING AND FERTILIZING FOUR YEAR OID P. radiata
File NC.: 244,113.25

Part of a four year o0ld stand of P. radiata was thinned from 1850 sph
to 850 sph. Half of each plot was then refertilized with 400 kgh&"1

of Agras No. 1. 200 crop trees per hectare were selected.

The stand was spot fertilized with Super at establishment. At arce one
and two years it was foliar sprayed with minor elements. 400 kg/ha

of Super was applied at age 2 years,

There was a response to both thinning and fertilizing. (Table 1).
The response to thinning was greater than that to fertilizing. Crop
tree growth was reduced at the higher stocking. Less than 1700 sph
should be established.



TABLE 1 Growth of P. rediata in response %to thinning and fertilizing at age four years.

No Fert,

D.3.H.0.B, (cm) A ha”! (%ha™h D.B.H.O.B. BA ha
A 7 4 7 4 7 4 7
Yrs Yrs INCR  Yrs Yrs INCR  Yrs Yrs INGR  Yrs  Yrs  INCR

1700 sph_, . ' i

400 xgha~! 8,34  10.8 2,5 . 10.83  17.75  .6.9 11.2  14.3 3.1 2.0 3.3 1.0
Agras - ‘
. 1700 sph ' o A . o,

1700 et 8.1 10.2 2.1 10.0 15.9 5.9 10.5  13.2 2.7 1.7 2.7 1.0
800 sph _, - - _

400 kgha 906 13-0 3.4 606 11-8 502 11.8 16.0 402 2.3 4‘02 109
Agras ) .

800 sph g7 43,6 3.9 ' 6.2 1.9 5.7 1.7 16,0 43 2.2 4.2 2.0




Alleviation of a manganese (?) deficiency in the Sunkland

*
IMile No. 244.113.10

In August 1978, a disorder wasn observed in P. radizta growing

at Chapman's lLease. The same disorder was observed in the
Cundinup 1 plot in BSeptember 1979. Agras had recently been
applied to the plot.

’
L

Barly visual symptoms were browning of the tips of older
needles. This developed to severc pecrosis of all the needles
as summer approached., Foliar sampling of trecs at Chapman's
Lease revealed extremely low levelo of'manganese in unhealthy

trees.

This experiment was initiated to investigate whether
applications of manganese would correct the disorder. The
Treatments were;

control )

Foliar spray of 2.5% T"-nSO4)t 125 kg/ha Mn50, soil application

Tach of the four treatments was arplied to one plot only.
The foliar sprays were aprlied in December 1878 and July 13979.
The soil application was carried out in April 1979. Folisr

samples were collected.from 16 ftrees per plot every Three montho.

By the end of the study period almost all of the treew had
recovered from the discorder. This recovery was not in regponce
to applications 'of manganese nor were foliar levels of mangancoe

considered adequate for some ploto.

Levels of ‘manganese varied considerably prior to any
treatment being applied. Therc was 2 slight increase in
‘manganese levelé in the foliasge by Lhe end -of the study gperiod,
but this could be duc to scasonal flucbtuations in nutrient

concentrations.

This trial casts doubt upon deficiencies of manganese

ees/?



+

being the cause of the disorder. Defliciencies of mangancse .
are generally first apparent in the younger needles. The
oldér necdles were the first to be affecied at Chapman's Lease.
Tf monganese is mobile then it may be withdrawn from folizce
which ig dying due to some other caune. The affected treoes should
be further analysed Lo deterwine whether bhere are deficiencies
of other nutrients.

Deason an& site could also be influencing the occurrence ol
the disorder. Both plots were on a grey sand asite and had been
pastured for several years prior Lto<the pine being planted.

The disorder occurred in late-winter and spring in successive

years.
Table: Foliar levels of manganenc in refponse to arplication of
MnS0,. The ecritical level of manganese is 30ppn.
Date : Treatment
Control Feoliar Soil Foliar and wsoil
spray application application
Sept. 1978 | 18.8 £ 5.7 | 13.4 T 6.3 5.2 T 5.3 118.8 % 7.9
peb. 1979 | 34.8 %F 11.8 | 24.1 £ 5.6 10,9 £ 3.8 |28.9 T 5.9
Tune 1979 | 30.9 £ 17.5 | 16.8 £ 6.0] 12,0 £ 5.1 [25.4 T 6.3
oct. 1979 | 29.4 £ 11.9 | 22.8 £ 3.4} 24.0 ¥ 6.3 |40.4 = 7.8
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”RLFPRTILIZATION OF THRER-YEAR-OLD PINUS PINASTER IN THIC SUNKLANGD. ~;-;},¢w

-’ N [

- @
P ERS A € ine A

BEealthy three—year—old Pinus pinaster Ait. growing on yellow sand were fertlllzed

with four rates of an NP compound ("Agras No. 1"} and one rate of SUPETPhOSPhdtG-.E.
An unfertilized control was also included. Rates of "Agras" ranged from 200 kg.ha
to 1600 kg.hanq and for superphosphate the rate was 655 kg.ha_q, the latter having

an available P content equivalent to 800 kgoha"1of "Agras''.

Heigﬁt increment of trees decreased as the rate of nitrogen increased. Plots
receiving 655 kg.ha gl of superphosphate and 200 kgohawq of "Agras" grew significantl;
more (i)<.05)'than other treatments in the second year after treatment (Fig. 2). A
remeasurement one year later showed that the differences in height increment betwcen
treatments had decreased. Diameter increments were not significantly different betwe
treatments, although there was a positive correlation (p<.05) between tree diameter
and rates of M"Agras". A strong negative correlation (p <.05) existed between the

height/diameter ratio* and rate of "Agras" (Fig 1.).

This study suggests that there is little advantage in refertilizing P.pinaster with
"Agrasﬂ on yellow sands in the Sunkland. While a small increase in diameter growth
‘can be expected after applying high rates of "Agras" (> 800 kg.hauq), the cost to do
so is not warranted. The increase in tree taper that results may also be a
disadvantage. It appears from tﬁis trial that superphosphate is a more cost. effectiv

fertilizer.

Height of -tree (m)
D-BoHoOtBo: (Cm)

* Height/diameter ratio =

9=
- O
B Uy

R

Figgre Te

Relationship between the height/diameter ratio of P. pinaster and rate of

"Agras's
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REFERTILIZATION OF 'THREE-YEAR~OLD PINUS TAEDA ON THE SUNKLAND

w.P. 17/79 File No. 244.113.22(1)

Four rates of a compound NP fertilizer {("Agra: No. 1“)fwere applied
to healthy three year old Pinus teada L. growing on'yeilow sand.,
The rates of "Agras" ranged from 200kg na”1 45 1600kg ne~1 and an
unfertilized control was included. '

Differences in height growth between treatments were not gignd-—-
ficant although data show a trend of increase in height inerement
ot lower rates (200 and 400kg ha™ ') (Pigure 1). During the third
year after refertilization trees fertilized with 400, 800 and

1 1600kg ha~' "Agras® grew significantly more (P <9.05) than control

in terms of diameter increment (Flgure 2). However there was no
significant difference between treatments in terms of | mean
diameter (D.B.H.O0.B.). There was a positive correlation (P<0.05)

between tree diameter and rate of "Agras". The correlation between
helght/dlameter ratio and rate of "Agras'" was qegativefand highly

significant (P<0.01). J
-
This experiment suggests there is no value in fertiliéing 3 year
0ld P. taeda on the Sunkland., Whilst diameter increment (Figure 2)
suggests that growth rate is significantly more with 400kg ha_1
total height and total diameter data showed that there was no
gignificant increase in growth., Although the correlation between
rate of "Agras'" and height/diameter ratio '« highly significant it
is not possible to predict at this stage whether the effect on

tree taper will be significant in milling potential.
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RETORT

1979 _ LUDLOW TOT TRIALS (W.P.'s  15/77, 16/77 and 17/77)

oLl L A I T

Three separate pot trials were carried out with P. radiata

looking at optimum ratio of N:P, sources and rates of zinc

and the neccd for zine, copper and manganese.

METHOD ¢

The following method was usad for all three experiments,

The so0il used was a grey sandy loam from the Sunkland. Six

kilograma of soil was used per pot. TFour one yecar old P. radiata

seedlinga were planted per pot. Seedlings had been planted in

a washed river sand and 'starved? fof'10 weeks prior to planting.

S0il in pote was maintained at 60-75% field capacity. Twenty five
weeks after the first application of nutrients the length of new
growth was messured. The plants were then harvested, divided

into o0ld and new growth and dried to determine oven dry weights,

BXTERIMENT 1: Sunkland NP Pot Triel 1977 - W.P. 15/77a
The aim of this experiment was to determine the optimum

ratio of N:P for P, radiata growth on Sunkland grey sandy

loam,

The design of the experiment was randomized block with

a factorial arrangement of 4 phosophate rates and 3 nitrogen
rates, The 12 treatments were replicated 3 timen. Details

of treatments are shown in Table 1,

o /2



TABLE 1
Tregatment Tyaantment Amount of N and P Ratio

NO o (kg/ha equivalents) N1P
1 No + Po 010 -
2 N1 + Po g 0 -
3 Np + PO 72 ¢+ O -

|

\ 4 No + P4 01 18 -
5 N1+P1 9 : 18

‘ 6 N, + Py 72 ¢+ 18 4 1 1

| 7 Ng + Po 0 72 -
8 Ny + P2 g s 72 1 :+ 8
g No + Py 72 1 T2 1 ¢ 1
10 NO+P3 0 1 180 -
11 Nq + P3 9 1 180 1 1 20
12 Np + Py 72 1 180 1t 2.5

RESULTS:

The only significant finding (at P = 0.0% level)

NP3,

both height growth and oven dry weight of new growth (Table 2).

was that

Nan and Nsz are better than the control in terms of

TABILE 2 Height of new growth in cm and oven dry weight
of new growth (g) of D. radiata seedlings at
tormination of experiment.
No |14.5  (9.9) | 19.0 (11.0) | 13.3  (9.8) | 17.7 (11.2)
Ny [14.8  (9.3) | 19.7 (12.9) | 21.5 (10.8) | 21.5 (14.1)
No [17.6 (13.0) | 20.8 (15.8) | 24,2 (14.8) | 24.4 (18.8)

eo/3
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Although there are no other significant findings the data does
indicate an NP interaction. When N and P are combined the
growth is better than either N or I on its own. Tor example
whilst P alone (NgP,) produced 9.8g in 0.D.W. and N alone (N,P,)
produced 13.0g the combination of the two (NpP,) produced
growth of 14.8g (Table 2). '

Other trends are;

1a The best growth was achieved with the higher N rates
rather than the highest I rates.

2 With zero N there was little response to incrcasing
rates of P,

3. With zero T there was a response to increasing rates
of N.

4. Increasing rates of N;whilst keeping P constant produced
a better rcaponse than keeping N constant and increasing
rates of P. The growth increase from NoPo, through N,P,
to NoP, for example, was 1.8z 0.D.W. whereas increasing the
N rate while T remained constant (NoPp, NP, NoP»s)
produced a 5.0g 0.D.W. growth.

DISCUNSIONS

The moat significant finding was that the highest rates of I and
T produced the bect growth. There was no significant difference
in growth of the top three fertilicer treatmenta - N2P3, NoFs5 and

.o/ 4
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On a per hectare basis NpP, contained 72kg N and 18kg of Pe.
18kg of P is equivalent to 200kg of Super which is the current
rate of refertilisation every second year for pine on clover on
the sunklands. A similar tie with field rates eximts with N.

A study of nitrogen build-up in the soil by clover under P. radiata

(W.P. 17/80) showed that over six years the average annual N
input at the No, 7 Road plot was 66kg/ha/yr. The rate of N

in the treatments that produced the best growth in this trial

was T2kg/ha. These figurcs show that the rates that produced

the best growth in the pot trial broadly correspond with the
rates of the current field regime for pine on clover on the
Sunkland. The range of rates tested in this experiment do not .
allow the optimum levels of N and P to be determined hewever,

jk wider range of rates would need to be tested,

Unfortunately the differenc;s between treatments are not large
enough to determine the besat ratio of N:P. Furthermore the
ratios tested are rather discontinuous and make interpretation
difficult. The experimegt would have been improved by starting
at an N:P ratio of 1:1 at about optimum rates and varying the

ratios up and down from there.

There are trends that suggest that N may be more limiting than

P. Increasing rates of P produced little response with zero N
while with zero I there was a response to increasing rates of N,
TMurther evidence is the better growth regsponse to increasing N
rates with T constant than to increcaming P with N constant., These
observations are not consistent with the findings of Waring (1971)
who showed that increcasing rates of N, (with Zero P), depresaed

growth., Our result may be attributable to an unknown source of

P or results being not significant.

0o/5
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EXPERIMENT 2: Minor Elément Pot Trial No. 1 = W.P. 16/77
The native levels of zinc in Sunikland soils are so low
that 1f zinec is not aprlied within a few months of planting,

7. radiata seedlings will not grow. The practise of

apraying each pine with a solution of zinc sulphate has

been generally successful but further work is required to

refine the technique.

This pot trial aimed to determine whether zinc sulphate 1is
as offective a zinc oxide and what rate of zinc is optimum

for erowth of P, radiata during eatablishment on Sunkland

soil.,

RESULTS ¢
Table 3 presents mean oven dry weights of new growth for all

rates and forms of zinc. There are no ajgnificant differences

between any.of the treatments.

TABLE 3
Treatment Rate of Zinc Mean Oven dry
weight of new
growth
'No.{Form of Zinec g/pot | ka/ha (&)
1 |Zzn O 0 0 16.4
2 0.1 solution 0.006 2¢5 18.0
3 0.012 5 17.7
4 ' 0.027 |10 152
5 0.042 |15 131
6 0.083 |30 16.4
!
T Anhydrous o) 0 14.3
8 Zn304 0,006 4,7 16,2
9 0.05M sol. 0,012 | 9.45 18.2
10 0.027 {21.05 1961
11 ( 0,042 |32.,67 16,7
12 | 0.01M sol. || 0,083 |64,40 1647

os/6



DIGCUSSTON:

The fact that growth of pine meedlings in control pots was not
different from treated poto suggests that there may have been
contamination of zinc. A small but known source were the
fungicides (Ridomil and Benlate) which were applied on three
ocecasions. Ridomil contains 20ppm, which would have contributed
about 20 micrograms of zinc to each pot. OSuch an amount is wvery
amall being 300 times lower than the lowest treatment rate.

Therefore 1t 1a likely that there ware other unknown sourceg of

zince.

oo/ 7
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EXTERIMENT 3: Minor Element Pot Trial No. 2 - W.P. 17/77
The native levels of zine, copper and manganese in
Sunkland solls are low and some, if not all three olements,

need to be applied to P. radiasta to ensure satisfaoctory

growth. This pot trial aims to determine if additions of

all three clements are neceasary for growth of P. radiata

on a Donnybrook Sunkland grey aandy loam.

RESULTS ¢
Table 4 pregents mean oven dry weights of new growth for all
trcatments. There are no significant differences between any

of the treatments.

TABLE 4
Treatment Eiizhivﬁ? gg% srowth

No. |Copper |Manganeoe | Zine (g)
1 - - - 12.8
2 - - + 10,7
3 - + - 10.0
4 - + + 10. 4
54 ¢ - - 12,0
6 + - + 10.1
7 * + - 11,2
8 + “ * 745




DISCUSSION:

Growth of seedlings in the control pots was better than all
other treatments (not significantly better however). IEqually
unexpected was the growth of treatment 8 (all elements applied)
where growth welghts were lower (not significantly) than all
other treatments., These trends and the lack of slgnificant
findings suggest that és with Experiment 2 there may have been

an unknown source of minor elements.

Richard Moore

December 1981



Growth rates of P. zpadiatn under i ffevent nuabrition recimes

FBarly in the 1life of lLhe Hunklands project, F. radisba was

established and refertilized using “Agras Ho. 1", an inorzanic
nitrogen and phosphorus fertilizor, Tho menerally poor growbh
in response to refertilizing with bthis fertilizer prompted the
adoption of a 'super and clover' rocimae,

A compar‘ison' of top height dstn of T. radista in rlobts and

older plantafion in the Sunkland sliows that to age & years the
'Super and dlovér' regime will renultb in a stand of average to
high quality,.while the Agras ro<iwe will produce a stand of only
average gquality.

The potential for mainbaining sgrowth of the pine will be
greater with the 'Super and Clover' regime due to the higher
o1l levels of N, P, and Cu which arae achieved than with Lhe

'Agras' regime.

TafmthJd Planfalien.

Top heﬁfJ ﬂ%gc4»HA;
42 — NP fertilizer /%7-""?6 H’jé‘

2. 4 6 8 /0 72 /%
Jeor's &ha:franqa@ﬂﬁﬁ



24

a3

/8
/6
4
2

16

Al Sundeland Plots

-

e

il

/

//
2

y7,

6 g /0
Years since Frans /o/cmfﬁfzj

rZ

4



.CHENICAI CONTROI OI" ETICORMIC SHCOTS ON FCUR YIAR OLD

Pinus radiata

Ww.P. 39/82 File No.: 249.2

The aim of this trial was to comvare «ix chemicals and to determine
the optimum rate for controlling young ( < 10cm) epicormic shoots
during‘spring. Rates were determined frem an earlier pilot trial.
The trial was laid out on a 4 year old clovered Pinus radiata stand.

The following chemicals andrates were arplied:-

Trade Name Chemical Rates (mls/1)
1. "Reglone" diguat 3, 6, 12
2. "Gram oxone" paracguat 3, 6, 12
3. "Daconate 8" 80 =/1 F.h LA, 6, 12,24
4, "Brominil" 200 £/1 bromoxynil 12, 24, 48
5. "Amitrol Plus Herbicide" 250 =/1 Aritrol +

' 220 =/1 Armonium

thiocyvanate 50, 120, 200

6. "Roundup" glyprhocate 20, 40, &0

A control treatment was alao inclufed.Agral 60" (wetting agent) was

- sdded to treatments 1, 2 an? S at 1 teaspoon/litre.

Treatments were randomly azllocated ancovrdine to epicormic ctem
coverage and given a O - 4 ratinz, where 0 = 20% and 4 = Bo% stem
cover. PFPrior to spruying, all frees where form pruned; a2ll branches
were removed up Lo a point where the stem diameter eqgualled 10cm.

Above this point, forks, steeply sangled or large branches were renoved.
Large retained branches were also tip-pruned when considered necessary.
Treatments were aprlied with a "Solo" hand sprayer and the epicormicn
sprayed to run-off, to a height of arrroximately 2.1 metres.

The trial was assessed 3 weeks and awsin 6 wonths following spraying.
Tree height and diameter were meawurcd rrior to sypraying and at the

& rmonth assessment.

Interim results indicate that "Reglone'" and ﬁGramoxone" a2t all rates
show 100% kill to epicormics. '"Daco:n 2te 8" at 24 ml/1 shows 80%
kill, whilst "Amitrol Plus" has civen 905 ki1l at 100 and 200 ml/1.
Other treatments show moderate resul s,

000/2



Measurement trends indicate that "Gramoxone'" has caused  height
and diameter increment loss,

Field observations indicate chemical translocation effects at the
medium and high rates of "Amitrol Flus'. '"Roundup", at the high
rate,also shows some translocation effects,

N



CHENICAL CONTROL OF LFICORMICS IN P. radiata

Tocal Experiment | File No.: 249

The aim of this pilot trial was to screen and compare six different
herbicides in controlling advanced eplcormic shoots on 8 year old
P, radiata. Manufacturers recommendations for controlling broadlcaved

weeds were used as a guide for application rates. The following

chemicals and rates were appliecd:-

Trade Name Chemical Rate {(ml/1)
1. "Reglone" diguat 6
2. "Gramoxone" paraguat 6
3. "Triguat" paraguat + diguat
(2:1) 8
4, "Brominil" 220 g/1 bromoxynil 8
5. "Amitrol Flus™ 250 g/1 Amitrol +
220 =/1 Amronium
thyoecyanate 100
6. "Roundup" glyphosate

"agral 60" (wetting agent) was added at 1 teaspoon/litre to all
treatments except 4 and 6.

All trees were assecsed and rated z-cording to the intensity of
epicormic development. Treetments were randomly allocated within
groups from a ranked list. Treatments were goplied in June using

a "Solo" hand sprayer z2nd the epicormic shoots were sprayed to run—-off.

The trial was assecsed 3 weeks, 3 months and 13 months after spraying,

using a linear scale where O = no effect and 5 = dead.

The results indicated that "Reglone", "Graroxone™, "Triguat" and
"Amitrol Plus" will kill epicormics ugingy the above rates. "Brominil!
and "Roundup" had very little effcct.

Ancther trial using these chemicals and 3 rates was implemented

following early results gained from this experiment.(nchﬂswu)



1980 BPICORMIC STUDY IN THE CENTRAL RBGION

Local Project

A preliminary a scessment of the incidence of epicormics in the
Central Region was carried out in Decembér, 1980, The study covered
the following Divisions in Pinus radiata plantations that were planted

from 1968 - 1975! Harvey, Collie, Nannupr, Kirup and Busselton.

During the =tudy, each compartment was given a O - 5 visual severity
rating where O = severe or > 80% of the compariment was affected by
eplcormies and 5 = slight or < 20% of compartrent was affected by

epilcormics.

This study indicated that:-

1. There were 1402 na affected by severe epicormics in the Busselton,
Kirup and Nannup Divisions.

2. Ex-pasture plantstiocn sites possens a greoater tendency to develop
epicormic shoots and larger or heavier branches ithan ex-native
bush sites (see Table 1). This may be due to high nitrogen/
phosphorus levels in pastured noils.

3. There is a decline in the severity of epicormic shooting with
increasing age of plantations at pruning (see figure 1).

4. The current silvicultural ftreatments to Fuel Reduced Buffer
plantations act as a stimuli in the development of epicormic
shoots,

5. Silvicultural technigues can be used to control epicormics.

This can be achieved by avoiding early thinning ang pruning.
Pruning during autumn or winter also reduces the incidence of

epicormics.



TABLE 1 : ©Site diffeYrence ‘on conmpartments from 1968 -~ 1975 plantings.

SEVERITY RATING EX-BU3H EX-PASTURDE
Severe > 60% 31% : 697%
Moderate® 20 -~ 60% : 43% 57%
S1ight < 20% N S 34% T 60%

. Figures were taken from Kirup, Nannup and Bugselton Divisions.

é : : ‘

?g

E.:i

PIGURE 1 : Age at pruning compared with gseverity of epicormics.
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SUiitiAS DATAE | OH=CURHERCIAL THINYING TRIAL = W.Pel 30/83

JARRAILOOD COMPARI.IT 5 (Pe?G)  DATA AT AGE 4,7, 5.6,%  vians

T DENOB Bassl ; . BAfbn N
DEHCE JM‘ Arear / 1[1',(:‘;_,“‘2;. ;M‘ CURRL&L
P . STOCKING
CLRSATML T /| 3/83 2/84 1304 /8% 2/84 83/84 o
4 PLOT [ HECTARE
&1 8.49 1355 £ .06 1o 51 5e75 2424 } 19 257
1M | 9eh | 13475 4e61 170 382 2.12 | 20 256
250 Lebeiie |16 7481 | 11459 18 1426 2402 1.66 | 21 253
17 1 953 13496 b b3 120 | 4401 211 17 | 258
20 | 9437 | 13413 1.76 1482 Ge53 1471 17 258
EAN 3.79 13420 b 1o 631 et 1497 15 256
1] 8.98 12.53 555 2676 Goli2 3606 36 507
| 6,84 10,43 3e59 2e2h 4488 2.0k 32 ho2
500 SePulle 112 ] Gelh 1557 2493 . Bl 742 %e68 36 S14
15 | 7.82 11491 4,09 Re73 6408 335 28 500
18| .62 11414 552 2467 5427 2464 35 493
MEAN 8.15- | 11,88 | 273 2.95 | 6.01 3.08 || 33 | 501
2| 7.72 | 1133 | 369 hot | 8.18 hat || 52 | 75t
6| 6.22 RS 374 2470 6458 5658 52 743
750 LePall. 71 7.7 | 11445 3.71 3,953 8434 o li1 52 754
"G | 5.5k 8481 327 2427 5,30 $e03 51 750
13 | 8,00 | 11.60 360 by 32 3,63 be31 51 750
MEAN 72,04 | 10,63 | 359 | 35 | 2. 596 | 52 | 750
31 2.7 | 11,81 | 3034 6.30  |11.74 s.b | 61 |1zco
S| 5.53 8.78 5e 25 2491 685 Ze Ol 64 | 94
1000 S.PuHe |10 | 740k | 10,32 LIE: hes2 9428 | 4,76 69 1000
| 6456 10.21 | 3.65 R 8.60 0,76 60 923
19 | 6.56 9e92 3656 34,60 757 397 66 068
MiLAL 6483 10621 2,38 bhe23 8.81. 4,58 6l 946
750 Lobell, 1211 9412 12,07 2,95 5409 8458 209 61 726
(OFF CLOVIR) i _&@@W_




# Table Growth of P. radiata, and soil nutrient levels, at the
I time of non‘commercial thinning, 34 years after

-establishment.f'=f”f ¥

:! - Stems, per ha | DBHOB(cm) BA ha-1l . Height(m)
250 8.79 1.64 5.66
'f 500 8.15 2.93 . 5,22
| 750 7.06 3.45 4.76
| 1000 6.83 4.23 4.68

750 !

non~-clovered | 9,12 5.09 6.07

Joil nutrient levels

' i

Org. Carbon (%)|Total Nitrogen | Available Phosphoru
(%) (ppm)
Min 0.59 ' 0.024 2.03
Clovered Max o 1.64 0073 9-99
plots Mean 0.91 ) 0.045 5.67
Mon-clovered Fean " 0.49 0.027 7.83
plot . 2 ' ; ..-J‘. it Fi \[r;rﬂv

PO




S2unkland Thinning Trial

W.P. 21/78 File No., 242.16

This trial was established to investiesmte the effect of
intensity of early non-commercial thinning on timber production of
the stand , especially sawlogs. “The eflect of wide initial spicing
on branch development was also ta be studied.

The trisl area was planted in 1972 at 2.7 x 2.71m spacing
(1760 sph). The stand was thinned at swe 6 years to ihe
following densities:

1 1700 sph

2. 1150 sph

3. 650 sph

4. 400 sph

D 250 sph
Diameters of the branches in the 2 to 5m bole section were measured
6n five trees at age 9 years. 350 sph were high pruned in the
same'year and volumes were calculated the following year.

There was an increszse in branch dizsmeters at the lower
stockings. DBranches were desd, or greatly supnressed at 1700

sph.

Total volume increased with higher stockings. Fowever,
average diameber of the stand decresased as did volume of Lhe
350 sph selected as crop trees. There wss 25% greater volume on
the crop trees at a stocking of 350 sph than at 1150 sph.

Experience from New Zealand (Wa7i-la I'ine Task Force)
shows that econdﬁic returns from a regime involving NGT to a fina
crop are greater than for a multi-thinnineg resime. TIncreases in
branch growth resulting from early thinning dre not significant as

they are rore than comvensated for by increased stem srowth.
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THINNING -~ WIND STABITITY STUDY

W.P. 6/83 : " File No.: 251.1

tompi :
This trial was to see whether thinning 12 year o0ld P. radiata in the
Donnybrook Sunkland to various densities would affect the growth and
wind firmness of the trees.

The stand was thinned from 1100sph to 500, 350, or 200sph. There were
six replicates of each treatment in & randomized block design. An
average of 85m> ha™! was removed from the plot, making the thinning

g viable commercial operation. The trial was located on a deep

grey sand. Some wind lean occurred prior to thinning.

In November 1982, nine months after thinning there had been a small
increase in the amount of windlean but this did not appear to be
related to stand density. Damage was concentrated in a few plots.

Individual trees were growing faster in diametcr at the lower stand
densities but basal area was being accumulated faster at the higher
. stand densities.

This trial suggests little wind damage will ocecur following commercial
thinning of P. radiata in the Sunkland., The chance of damage will

vary, however, according to individual circumstances.

N
(o9 WO

TABLE 1: Growth and stability of 12.} year old P, radiasta following

thinning to various densities in the Donnybrook Sunkland. The trees

were assessed 9 months after thinning.

D.B.H.0.B. (cm) | B.A.0.B. (m°ha~") |4 in leaning
increment increment trees (%)
e 5
200 sph 23.07 | 1.24a 8,05 0.67a 4.7
350 sph | 21.70.| 1.02ab 13.14 1.21b 12.2
500 sph 21.91 [0.93b 19.13 1.63¢ 8.2

<4 0.05 p<0.05



WIND DAMAGE IN THE SUNKLAND

W.P. 1/81 File No.: 25.1

Wind damage has occurred in several of the older plots in the
Sunkland (Table 1). This has generally followed thinning. Windthrow
i wvery uncommon, having only occurred in one older P. pinaster plot.
Windlean is the more common occurrence.

It has been observed that the trees became windfirm again two to
three years after thinning.
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TABLE 1: Wiind damage of pine in the Sunkland

75° lean (%)

Age Thinning History:- Area Affected Windthrow (%) H? (m) (m 3 cm)
(years) : HT : Dia
P. radiata
8% Thinned from 1700sph to 630sph #ndward edge 0 20 9.0 0.6
2% years previously. of plot.

9% i Windward edge 0 27 16.6 0.9

of plot '

9% Thinned from 1700 to 750sph at |Windward edze 0 27 11,0 0.6
age 4 years and to 500sph at agelof plot ’ :
8 years., Very wet in winter.

6% Phirned from 1100sph to 400sph  {~1 ha of glaniation 0 17 2.8 0.7
the previous yeazar., Site is wet
in winter,

F. tvinaster

s Unthinned, standing at 1100sph |~% ha of plantation 0 30 7.3 0.6

193 - Thinned from 1700sph to 750sph |~2 ha Of‘plantatlon 37 63 16,7 C.7
at age 9 years and to 250sph along a drainazge

at 2gze 19 years,

line,




ESTABLISHMBNT OF PINE WITH TASTURE
File No.: 264,45

The No. 7 Road plot was the earliest plot established in the Sunkland
with the 'Super and clover' regime.

The native forest was cleared, windrowed and burnt in the summer of
1972/73. The plot was then disc ploughed using a 2 -~ 4 metre Connor
Shea plough. The area was left fallow 111 1974 due to heavy winter

rains,

The ares was ploughed again in the spring of 1974. 400 kg/ha of Super
Cu Zn 'B' and 200 kg/ha of Super were applied with 10 kg/ha of

Nount Barker sub clover and 5kg/ha of Wimmera rye grass. The plot

was refertilized with 200 kg/ha of Super in 1975, 1977 and 1981.

The plot was not mounded and the P. radiata was planted by Quick wood
planting machine. Half the plot was planted in 1875, the remainder
in 1976.

Fertilizer and weed control for establishing P. radiata into pasture
The area of P. radiata planted in 1975 was divided into four plots
to test whether fertilizer and weed control was necessary for
establishment. 150 g/tree of Super was aprlied with and without a
spot Vorox spray. An untreated control was included,

CONTROL 150 g/tree SUPER

Height (cm) | Survival (%) | Height (com) Survival (%)

Control 53.5 66 47.3 57.5
Spot Vorox 68,7 81 72.G 88

TABLE 1: Surv1va1 and growth of P, radiata in response to fertilizer

and weedicide anpllcatlons when established with pasture in the
Sunkland,

Control of competition from pasture dramatically improved growth and
survival of the pine. The spot application of fertilizer marginally
improved growth of the pine. The broadcast application of Super may
have provided sufficient phosphate to the pine,



First thinning of pine stands grown with Super and clover

W.P. 7/83 o - - File 264.47

: Currently, high gquality radiata pine gstands are being

thinned at approximately 12 years to obtain two 5.4m logs per tree.
There may be disadvantages in following this regime in the
Sunkland. There is a risk of wind damage following thinning,
clover is shaded out of the plantation for six to eight years

and growth will not be concentrated on the crop trees.

H Possible means of carrying out a thinning before age 12
e " years would be to accept a single 5.4m length per tree or extract
2.7Tn lengths.

Eight plots, each 25 x 40m were laid out in No. 7 Road plot
350 crop trees per hectare were selected from 900 sph at age 6
_ years and pruned to 5 metres. The remaining trees were assessed
L. to determine the volume of either 2.7 or 5.4m logs obtainable
‘ if the stand were thinned. Extraction tracks were not worked.
1 The stand was assessed at age 6.% and 7.7 years.

?1 At age 7.7 years by extracting 2.7m lengths rather than 5.4m

lengths the volume of thinnings was increased by 42% and would

‘ allow thinnings to be carried out two years earlier. Over the

4 1% year period between agsessments the volume of thinnings
increased by 11.5 moha~l. 90% of this increase was in the
5.4m log class. As only an average of 34 trees na~! (3.4 m3ha"1)
moved from the 2.7 %o 5.4m log class most of this increase was

L due to an inecrease in the radial growth of individual logs.

-3 Trees destined to be thinned were increasing in diameter

much fagter than the crop trees. In fact, as.a result of gselective
high pruning of the crop trees there was a loss of 25% of potential
diameter increment (Fig. 2). This trend was also reflected in
basal area (Fig. 3).

At age 7.7 years the average height of the stand was 13.8
1 metres, making this a high guality stand. Theoretically then,
a commercial thinning could be carried out at age 12 years.



However with the adoption of smaller, more efficient logaing
equipment earlier thinning, extracting either a single 5.4m
length per tree or 2.7m lengths, could be carried out. This
would give a more wind stable stand with greater volume
production on the crop trees.
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CHEMICAL THINNING - AN ALTERNATIVE IN AGROFORESTRY?
Local Experiment File No. 264.22

The trial was to assess chemicals to determine if any are
guitable for culling unwanted trees in an agroforestry regime.

Hatchets were used to notch each tree at waist height, with
notches placed 8cm apart around the trunk. 2 mls of test chemical
wag placed in each notch. Treatment was applied in late summer
to approximately 100 trees for each chemical. The trial was not

replicated.

i TABLE 1 shows the chemicals used and their efficacy rating
{1 year after treatment.

: TABLE 1
a- where 0 = no effect
. 1 = <50% crown reduction
15 2 = 7504 crown reduction
%3 = tree dead
CHEMICAL 0 1 2 3 283
Roundup (360g1_1 Glyphosphate) 0 0 37 63 100
Banex (200g1”! Dicamba,amine salt) | o 36 | 63 1 64
Ugtilan (700gke™' Ethidimuron) 96% 4 o 0 0
Banex + Roundup 0 3 72 25 | 97
; Daconate (800gl™' M.S.M.A.) o 73 |27 | o 27
T Dicamba (VEL 4092 ester salt) 0 70 | 30 0 30

Roundup showed the begt results, with all trees being either
geverely sffected or killed. Banex plus Roundup severely affected
health, but deaths were much lower., Ustilan was ineffective.

} Future work should test rates of Roundup and study application
techniques and costs.



T¥O0 FERTILIZER
SUNKLAND

FOLTAR NUTRIENT TEVELS WITH
STRATEGIES IN THE

Pile No,: 264.45

The foliar nutrient levels of P, radiata grown under an NP fertilizer

regime and grown with Super and clover were compared.

The Super and clover treated plots received 500kg/ha of SuperCuZnMo

No. 2 at the time of clover establishment. They were then refertilized
with 200kg/ha of Super approximately every two years.
received a spot application of 150 g/tree of Super CuZn'B' at planting.

The pine

The NP regime consisted of 100 g/tree Agras No. 1 at planting and
400kg/ha of Agras No. 1 at age 3 years., The trees received a covper,
manganese and zinc foliar spray in the first year after planting.

N F K CU ¢« M. -2n
No. 7 Road Juper and
: Clover 1.25N 0.2% 0.90 6.8 54 | 36
- 4 years NP fertilizers 1.49N O.14M - 4,0M | 44 | 21
No. 6 Road Super and
: Clover 1.47M | 0.24 - 7.3 | 36| 44
- 6 years NP fertilizers 1.40M | 0.19 - 5.6 86 1 40

M = Marginal level.

TABLE: TFoliar nutrient levels of P.

regimes in the Donnybrook Sunkland,

radiata grown with two nutrition

In both regimes foliar nitrogen is marginal, while phosphorus is
adequate in the Super and cleover regime but not always with the NP
fertilizer regime. Conper and zinc appear to be more available with

with the‘Super and clover regime,

Foliar analysis is known %o have many pitfalls and so this data

should be treated with cautilon.
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ABSTRACT

Silvicultural regimes at present used in Western Australia are described. The aim of the
regimes is to produce High quality-sawlogs" Ahthe shortest posgikble time, the two species
involved -~ Pinus radiata and Pinus pinaster being grown on* trotations:of 30 and 40 wears
respectively. Technigques used are wide initial spacing, strictly timed pruning

schedules and heavy thinning to concentrate the growth potential of the site on to the
final crop trees. The implications of the regimes for wood quality, tree growth and land
use are discussed.

INTRODUCTION

The bulk of the sawn timber used in Western Australia comes from the native hardwood
forests of jarrah (Eucalyptus marginata Sm.) and karri (E.diversicolor F. Muell). These
forests are, however, very limited in extent and are unable to meet the demands made
upon them. Although the growth rate of karri is quite rapid (8-10 m®/ha/year), that of
jarrah, which provides by far the greatest proportion of the yield, is dlsapp01nt1ngly
slow (about 1 m?/ha/year).

For a number of reasons, both economic and social, it is desired to maintain the existing
level of sawlog yield in W.A. In order to do this it will be necessary to progressively
replace about half the native hardwood yield of 1,000,000 m® a year with Pinus radiata
and P.pinaster grown on relatively short rotations of 30 and 40 years respectively.

The situation is now becoming urgent, in that it now Appears hedessary to .provide for an
%nnua1~pinemsawlog“yield“df“500}OOOﬁm@Wbyﬁﬁhefyearﬁﬂooom .Mostplantings of exotic pines
4 WeAs-date from-the mid~1950%s; “but sighificant-areas were notyplanted tntil-the
~inauguration.of - a-Federal-=State~agreament 1rf"1965 which 'providéd ‘long term-loans for

~pine planting.

The current silvicultural reglme applied to pine plantations is therefore & rather radical
*onerwhich aime to produde’ sawldgs inthé “shortest practicable-time. It is recognized
that such an approach to silviculture“sacrifices-a ‘diguificant percentage (probably
about 12 per cent) bf the"potential total:volume production, but this sicrifice is
vonsiderad ‘more: apparent ‘thah real, ‘Eince’'the “loss is- entirely :insthe small log gizes
which’ present severe marketing. problems. : G

On purely economic grounds ‘sawlogmsllvicultu:eaﬂcanwbé@uhﬁwﬁ? o bemieh " more profitable
than.congervativéetragines which ‘d#im dt maximum - volumeiprodudtion (see, for example
Fenton 1972a) so“long ‘as*there:is.a:reasonable:log -pricey #ize gradient. 'In‘Weatern
spustralia thips is’ the case’ how -and the.gradient can: beexpectéd td intreane inh: the
2future -aslog supplies: becpme. more:keenly - sought:-after.

There is a further very important advantage to the current silvicultural regime under
w.A. conditions. The climate is a typical Mediterranean type with a long summer drought.
The lack of summer rain, at its best, is the factor most limiting to tree growth and, at
its worst, is responsible for severe drought death when stands are allowed to become
overstocked. This regime, which maintains the crop at a low stocking throughout the
rotation, avoids such problems. Since greater water availability means a longer growing
season for the crop there 1s a p051t1ve growth response 1n terms of 1ndlv1dual tree



<probable- t—hgr‘éfﬂ"m1‘-I‘-‘-"‘-Bé"%nb‘ “geriousrreduction in:wood rdensity as Al consequence zofythemore
Fapldigrowth, : "

SILVICULTURAL REGIMES

The regimes in current use for the two species concerned are briefly as follows:

year P.radiata . P.pinaster
0 Plant 1100/ha (3.5 x 2.5m) “Plant 1100/ha
5 Low prune all stems to 2.1lm -
6 - Low prune all stems to 2.lm
7 High prune 125/ha crop trees -
to 4.5m
8 - High prune 125/ha crop trees to 4.5m
11-12 First commercial thinning -
to leave 250/ha
14-15 - First commercial thinning to
250/ha
18 Second commercial thinning -
to leave 125/ha
25 - Second commercial thinning to
leave 100/ha
30 Clear fell -
40 - Clear fell

As yet no stands have been grown on a full rotation on these regimes but the following
vield are expected on the bagis of thinning research trials:

P,radiata Qutput P.pinaster Qutput
lst thinning 100m®/ha chipwood, 53m®/ha chipwood
fence posts ‘
2nd thinning 50m? /ha chipwood 30m?/ha chipwood
90m3/ha sawlogs 20 cm  26m*/ha sawlogs 20 cm
s.e.d. s.e.d.
Clear felling 70m?/ha chipwood 50m>/ha chipwood
280m3/ha sawlogs 20 cm  120m®/ha sawlogs
s.e.d.

The aim in each case is'tdﬂprcducemaitinakﬁutopﬁtréﬁééfKSSFCﬁ”DBHOB, and the evidence
from inventory data and research indicate that this will be achieved. To illustrate the
growth trends, Figure 1 presents the standing basal area data from age 6 to 15 for an
experimént comparing three approaches to thinning, namely a sawlog regime, a multi-
thinning long rotation regime, and a pulpwood (no thinning at all) regime. The three
stands are compared on the bagis of the largest 250 stems per hectare, which in the case
of the sawlog regime is all stems at age 15.

Up to the age of 8 year§ there was essentially no difference between the three regimes,
but from that age onward the sawlog stand growth trend commenced to diverge from the
others. After the thinning at age 11, the divergence became dramatic. It will be seen
that the sawlog regime will produce a most useful yield of moderately large sawlogs

at age 18, a sawlog yield which will be roughly twice that of the multi-thinning regime
at the same age. Average piece size will also be larger, an important factor in the
economics of harvesting {Chandler, 19683).



DISCUSSION
The first question which might be asked is whether the wood so produced will not be of
inferior quality due to its fast growth, on the one hand, and the possibility of larger
branch size in the unpruned part of the tree, on the other. To the first point, the
answer is a qualified no. The effect of rate of growth on wood gquality has been the
subject of great debate in the literature, but it is now generally agreed that growth
rate per se does not significantly reduce intrinsic wood quality, However, since a fast
grown tree of a given size will'contain a greater proportion of juvenile wood, the
overall tree density (and therefore wood quality) will be somewhat lower. This is not
seen as a problem in W.A. since “the observed range of P.radiata wood density:of
440-480kg/m?® {on a weighted whole tree basis) is.considered satisfactory. The newly-
«developed high temperature seasoning techniques {(Christensen, 1970) 'will overcome ‘the
wtability problems associated with‘the presence of juvenile wood.

The probable development cf larger limbe on the lower bole as a result of wide spacing

¢ is eliminated in the final crop trees by ‘high ‘pruning. Above ‘the pruned zone it is
accepted -there is likely to be some reduction in wood quality due to increased knot size,
but at least there will be fewer dry, loose knots. The problem is more acute in
P.Eihaster: so acute, in fact, that consideration is being given to high pruning all 250

. stems/ha to remain after the first commercial thinning. New hydraulic pruning shears

" under development are expected to make this operation no more expensive than the former
125 sph operation by hand held pole saw.

On the whole, it is expected wood quality may be slightly reduced under this extreme
sawlocg regime, compared with that produced by a more conservative multi~thinning regime,
| but the reduction is expected to be of an order of magnitude less than that due to
natural variation observed in pines growing on different soil types.

An important aspect to this silvicultural regime is the reduced proportion of the yield
in small sized logs (that is, logs smaller than 20cm s.e.d.}). In W.A. these have always
‘presented a marketing problem and this situation is unlikely to change significantly.

| The essence of the current regime is the maintenance of a low stocking of the pine in all
stages of the rotation. The stocking is so low, in fact, that ‘the crop does not fully

' occupy the site for a large proportion of the rotation. There are two important

ﬁ practical implications of this which have a large bearing on lard use in W.A.

Firstly, sawlog plantations do not intercept as much rainfall as more conservatively
¢ “hinned plantations would. This means there is greater recharge of soil moisture
i (Butcher & Havel, 1975) and therefore potentially greater water yield. Since most of the
P.pinaster resource is planted over a major water resource a workable compromise
2 between wood and water production is vital.
| X
Secondly, the low tree stocking enables the maintenance of either a grass or shrub
understorey, depending on the situation. In the former case there is scope for the
integration of livestock grazing and plantation silviculture with conseguent *reduction
in fire hazard, beneficial effects on'tree nutrition and financial returns from
agistment fees. The economic aspects of this have been extensively studied in New
Zealand (e.g. Fenton, 1972b). Improvement in tree nutrition results from accession of
stock manure, the periodic phosphate fertiliser required to maintain the pasture,
fixation of atmospheric nitrogen by legume pasture plants and faster nutrient recycling
due to trampling of needle litter. This technique has now reached the operational stage
; in plantations established on former farmland sites in Western Australia.
On sites where the understorey vegetation is native herbs and shrubs which have been
allowed to regenerate after clearing for pine establishment, grazing may sometimes be
feasible (McKinnell, 1974). However, if the understorey does not compete seriously with
the tree crop for water and nutrients, they provide a habitat and food source for native
fauna, thus increasing the conservation value of the plantation areas.
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"LEGUME TRIALS 1IN WESTERN AUSTRALIAN PINE PLANTATIONS

A.B. Haich

Wb Eoos ' A P -

SUMMARY

The combination of pines and a legume understorey provides a
rapid means of increcsing the soil nitrogen status, and
accumulation of 350 kg ha™ - of nitrogen have been recorded

in some young W.A, pine plantotions

The preliminary data indicates thot much of the increased
soil nitrogen is held in the humic acid fraction of the soil.

INTRODUCTION

The combination of conifers and o legume'understorey is a
recent development in plantation forestry and many aspects of
this work are still in the experimental stage. Some important
aspects of this integration of og;icdlture and forestry have
been discussed at a workshop organised by the C.5.1I.R.0O.
Division of Land Resources Management (Howes & Rummery, Eds.,
1977). Another genercol review of this subject has been given
by McKinnell & Batini (1978).

As this workshop is devoted to the nitrogen economy of forest
ecosystems I do not propose to discuss the economic aspects of
this form of forestry, but I would like to indicate how agro-
forestry can increase the amount of nitrogen in o plantation

ecosystem.

EXPERIMENTAL

Composite surface soil (0-10 cm) samples were collected from
three fgroforéstry trials in the Busselton Forest Division,

200 km S.S.W. of Perth, The areas were a series of paoired
plots, one half being the agroforestry trial and the adjacent
area receiving normal plantation establishment treotment. The
soils of these areas have been described by Smith {(1951) and
belong to the Mungite Soil Serles. The experimental areas
consist of widely spaced P. radiato with a sward of subterranean

clover os a ground cover.

Y
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The fertiliser treatments for the two plots were:

(a) clover pasture; at establishment 500 kg.ho"'I of super.,
~copper, zing, Bt_(8.4% P, 10.2% S, 0.33% Cv and 0.3% Zn)_
followed by an annuval dressing of 100 kg.ho"] of the

obove fertiliser.

(b) routine plontation; 100 g/tree at planting of Agras No 1,
(17.5% N, 7.6% P and 16.0% S) followed by a broadcost
application at 3 years of 400"kg;a.h<:ml of the Agras
fertilizer. In addition, the young pines received a
copper, manganese and zinc sulphate spray during the first
year in . the field.

The soil scmples were analysed by standard laboratory procedures
to estimate the build up of the soil organic matter by the clover

sward.

RESULTS

The analytical data for the three areas is shown in Table 1,
Statisticol onalysis of the orgonic corbon and nitrogen data
showed that only the main effects due to the locality and clover
were significant (Appendix 1).

These soils have a mean bulk density of 1600 kg.ho-‘

this figure it is o simple calculation to show that the nitrogen

and using

accumulation in the first 10cm of the three clover plots has

amounted to: _ . “y
Chapman Lease 352 kg.ho—]
No. 6 Road 432 kg.ha"!
No. 7 Road 400 kg.hc-]

In an attempt to determine if there is a change in the form of

the soil nitnogen under the clover sward, two nitrogen availability
indicks were exomined. These were extrocted with (1) dilute
sulphuric acid (Purvis & Leo, 1961) and (2) the sulphuric acid
potassium permanganate extractant suggested by Stanford & Smith
(1978). The results are shown in Table 2 and this dota indicate
that there is some evidence of a decline in the percentoge of

nitrogen extracted by these reagents under the clover,
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TABLE 1
Jarrahwood Agroforestry Triols

Effect of Clover on Surface Soil Properties

No. of years ' ) pH {T7T.S5.S8. ] O.C. N P - ippm CEC

Location under pasture Clover % % % Total |Bray |[Olsen|m.e.%

Chapman Lease 10 + 5.44 j0.004 1.35 0.082 38 18 6.5 | 6.879

- 5.52 {0.003 1.43 0.040 6 0.6 ¢ 1.0 8.84

No. & Road 3 + $.30 |0.00% 1.32 0.064 &7 12 1.5 ?.36

Agroforestry plot - 5.94 {0.004 |0.79 |o0.039 | 17 [1.3 | 0.1 | 7.6
No. 7 Road _ & + - 5.72 {0.003 1.12 0.051 29 13 2.2
Agroforestry plot - 6.02 10.002 0.57 10.024 7 1.0 0.2




TABLE 2

Jarrahwood Agroforestry Trials
Nitrogen Availobility Indices

Purvis & Leo Stanford & Smith
Parcent Percent
N of N of
Location Clover Totol _ Total
ppm ppm
N. N
Chapman Lease + 59 7.2 34 4
- 58 . 48 8.0
No. 4 Road. + 42 6.3 34 5.
- 45 11.4 41 10.4
No. 7 Road + 67 13.1 49 9.6
- 53 20.2 22 8.4 -
Means + 8.9 - 6.4
{(all areas) - 13.8 2.0

Hydrolysis of the
little difference

method, viz:

soll nitrogen by &N hydrochloric acid showed very
in the percentage of nitrogen extracted by this

<o Ql‘q&m(:}od.{\u_ g A.X4y\,\- WEWC-F-""'MMLO _:,2\1

Percent of Total N .

‘Clover
Extracted by 4N HCl Hydrolysis
+ 7.2
- 70.2

Similarly, the tamino acids released by this hydrolysis were very
similartin both sets of soils:

b

Percent of Total N Extracted

Clover
as amino acid nitrogen
+ 8.0
- £8.12

: PL;MQQLHJN w o coaxenhdkiol ao ,/g\-ler\l o geter
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Extraction of the soil organic nitrogen by alkaline sodium
pyrophosphate (Kononova, 1944) showed marked differences
between the two sets of solls. The percentage of nitrogen
extracted was similar for both, but it was clearly evident
that the proportion of humic ocid nitrogen was much higher
under the clover (Table 3)..

' TABLE 3

Jarrahwood Agroforestry Trials

Organic Nitrogen Fractionation

Percentage of .
Clover total N Humic acid
extracted by N as percentage
alkaline pryophosphate of total N
+ ' 43.0 14.1
- 43.0 8.1
DISCUSSION

It is evident that an agroforestry regime can cause a rapid (5
years) build up of soil nitrogen at o site and this technique
could provide an important nutrient addition to some of our

impoverished plantation soils.

This accumulation of nitrogen by legumes is not new work, as our
colleagues in agriculture have used this technique to maintain

and improve soil fertility for many years.

There is insufficient data at present to be able to comment
definitely on the changes in the nature of the soil nitrogen, but

the change in humic acid nitrogen is worthy of further investigation.
’ %
Moore {unpublished data) hos indicoted that P. radiota growing on

clovier trials ot Jarrahwood appear much healthier and more vigorous

than trees growing on non-clover areas and foliar nitrogen levels
from one of these trials support this observation. This particular
triol aofter 5 years under clover showed a foliar nitrogen level of

1.59% nitrogen, which 1s more than adequate for satisfactory pine

growth,

N ON_ oy PuhLij bllmpub'
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There are of course, silvicultural problems associated with
this plantation management technique and triols covering these

" aspects are currently being investigated.

[P PRV e e PP o . . ton T
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Effect of Clover on Soil Properties
Analyses of Variance

. L

APPENDIX I

A b g A 4 e

Orécni; Carbon
Source df S S M S vV R

Locolities 2 1.2098 0.6049 5.43 .
Clover 1 0.6600 0.6600- 3.93 *
Remainder 20 2.2244 0.1113

Total 23 4,09464

Nitrogenl _

Localities 2 0.004117 0.002059 15.25 e
Clover 1 0.003475 0.003675 27 .22 =
Remcin&er 20 0.002705 0.000135

Total 23 0.010497 .

n
3
b



CLOVER CULTIVAR TRIAL
¥.P. 13/79 File No. 268.12

This trial ;éé to déféﬁﬁiﬁemthem6p£iﬁuh culﬁivaré df éidﬁér |
to establish in the Sunkland.

Six subterranean clovers and two perennial clovers were
established over an area of 1 hectare each some of the cultivars
were also tested as mixtures. The gite was ploughed, 20kg/ha of
geed was sowen and 500kg/ha of Super Cu Zn Mo No. 2 was broadcast.
P. radiata was then planted on mounds through the trial.

Soil samples collected at the end of the first growing season
showed there were very low levels of nitrogen and phosphorus
(FIGURE 1). The biomass of the clover was assessed at the end of
the first two growing seasons. Trikkala, Larissa, Seaton Park and
Mt Barker performed well. Esperance performed only moderately.

The perennial clovers (Strawberry and New Zealand White) did not
persist. However the mixture of Esperance and New Zealand White,
which was planted on a wetter site, performed well. There was
little scrub regrowth in the trial area.

Trikkala and Larissa are cultivars which will perform well in
the Sunkland. Mt Barker and Esperance are other posgibilities,
although the former doeg have a high oestrogen level.: On drier
gites Seaton Park, or some other quick maturing varieties, could
be uged. The perennial clovers will grow well in the wetter sites,
providing useful grazing during the summer months. A dense sward
of clover appears to restrict the regrowth of gcrub, as could
grazing.



FIGURE 1 Growth of various cultivars of clover in the Donnybrook

Sunklands. ‘
- SOIL, NUTRIENT LEVELS
CULTIVAR BIOMASS (kg/ha) SEASON 1 |
Season | | Season 2| N(%) |P(ppm) (G
Mount Barker 6681 5690 .059 |" 14
Larissa Q 3564 6710 ‘ .053 20
Trikkala & Larissa 3145 6970 .041 13 .
Prikkala "~ | 3480 5520 043 | 28
Bsperatice 2846 4760 037 | 29
Strawberry 35% 1690 «031 12 .
N.Z. White - 880 030 |10 L Ty
Control - "0 .081 | 30 ‘ "
Seaton Park 4541 5670 .028 49
Clare - 3855 5670 044 | 15
Dinninup 2777 6100 ".052 | 15
Trikkala~Strawberry 988 4720 046 7
Larissa-N.Z. White 2822 5460 .04% | 15
Beperance-N.Z. White | 5998 15920 049 | 9
Egperance~Strawberry 2059“ 5100 .028 19




- INTRODUCTION:

-t AETHOD3

RESULTS ¢

[ .yl.

" CLOVER' ' SHADE TOLERANCE  iXPERTMINT

Lo
Research Working Plan 6/79

Report

rial plots®of pine on clover, established in 1974, indicate
that such.an.association could help to remedy soma of the
nutrient disorders. Consequently there has been a dromatie
change to broadecale planting of pine on clover. The question
that is being asked is how will the current clover cultivars
perform in the shady conditiuns of a pine plantaiion.

In this experimsnt seven c¢lover cultivars were grown under
different shade intensities to answer }the question:

Are gome clover cultivars more shade tulerant thun sthers?

Traeatments:

Seven clover cultivars were tested:-

1. Seaton Park
e Trikkala
3« Dinninup

be fsperance

Se Claras
6. Mt Barker
7 Larisa

The clover types;were grown under four shade intensities:-

0, 50%, 70%and 9% shade.

Experimental Design:

Three clover pnlants were established per plot and for each
shade intensity treatment therc were four replications.

Harvesting Procedure

The whole tops were harvested once the plants liad flowered,
set seed and were clearly beginning to brown off. The tops
were oven dried and weighed.

Table 1 shows the mean dry matter (grams) for the seven clover
cultivarn at 3 shade intensities.

Table 1. The effects of shading on clover biomass
production (grams).

.e/2
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Clover Cultivar Percentage Shade | |
ox .| 60 i) 95¥ n. ,

Seaton Park 35.5 | 18.4 . | 5.6 B

Trikkala 27.1 | 12.3 | 2.3 |7

Dinninup 24,2 18.8 ] 3.8 %

Esperance 38,1 18.6 ] 2.7 ’

Clare 26.1 20,8 - 5.8

Mt Barker 323 18.1 ¢ 1.9 f

larisa 35,8 20,0 v 3.5 -

‘ !"_,
Biomapss production daclined for ench cultivar with
increasing shade intensity. Figurs 1, based on the
mean value for all cultivars, illustrates this decline.

,
coover b

R0VINSE
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.

~—

P

0 o SEREARNIN e

Figure 1. Clover biomass at three shade intensities.
’

© DISCUSSION: The results show that none of the clover cultivars were any

more tolerant of shade than any other in terms of biomass
production. Growth of all cultivars declined with increasing
shade. The data sugsests that the rate of decline increases as

the shade intensity increases (Figure 1). Therefore in selecting
from the commercially available clover cultivars for broadscale use
on the sunklands, characteristics such as resistance to scorch

and suitability to the site should be considered.as-none of the
types.are.more-tolerant of shade -than -any-other.
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It is interesting to examine the expected inputs of N from
clover pasture growing in the shade of a pine plantation.

Sixty kilograms per hectare (6Ckg/ha) is a conservative estimnte
of the amount of N produced by a clover pasture each year

(Depte of Ag. pers. comm.). The current fertilizer regime of
LOCkg Agras/ha every 3 yenrs is equivalent to aprlying 2lhkg

of actual N per year. These rough calculations sugpest that
clover pasture should produce considerably more M {(and in a

more continuous supply) than is currently being added in fertilizers.
Perhanps, therefore sufficient nitrogen will be produced coven
under moderately shady conditions, when, as this trinl has shown,
clover growth ie reduced.

A factor which may be imporfant in psstured ferests ic the
effect of shading on seed yield. w. Collins (1978) reports in
o otudy with clover cnltivore used in w.A. thot reed yields
declined 50% with a 50% reduction in daylight. Such a drop

in seed yieclds could be g major cause in thoe decline of rasture
under forests. For maximum nutritional benefit it may be
desirable to have a clover sward beneath the pines on the
sunklands throughout the rotation. Therefore further clover
shade tolerance studies are recormendod. 'The following
aspects should be investigated:-

1. The possibility of findinyg shade tolerant varieties of
clover from the gene pool.

Ze The decline in seed yield with incredsing shade.

SUMMARY : 1e Seven clover cultivars were prown under four shade
intensities.

2 Shuding reduced growth of all cultivars. DNone of the
cultivars were any more sharle tolerant than any other
cultivar,

REFERENCES : WeJ. Colline, R.C. Rossiter and A. Ramos Monreal (1978)

The influence of shadinr on secd yield in subterrancan clover,
Aust. Jour. Agrie, Res., 29, 1167-7%5,

.f\—':D.F.O‘

Richard Moore



THE RBFFEGT OF A TERCHED YATHER TABLE ON  P. RADIATA

ROOT TORM

H. Chovie YaAe Toresto Dept,
Busaelton.

indthrow of TPinug radiata D. Don hna oceourred in the ‘“unklands

Tlantations. Observations cuggest windthrow can occur once the
atand hao reached a top height of 10512 mebreoos.  The altes on
which the problem ig mosot prevalent are moioture gaining, the
s0il texture being sandy loam or heavier., Terched waber table:s
are known to occur on many of these sites during the winter

montho,.

Restricted vertical drainoge has been chown to impede root

developmont of Scota Tine (I'inus oylvestris L.) and lead to

tree inatability (Faulkner and Maleolm, 1872).

The preoent studiea wore carried out to test the hypothenis that
norched water on nome gunklands nites was restricting vertical

root development of T. radliata.

¥ethods

Two linecs of 15 shallow boves, each bore 20 motres apart were
established running across the contour and parallel to the
planting mounds on two typical s0il types within the plantation.
water tablea wore monitored at least weekly througzh 1980,
Rninfall was monitored at two polntn in the survey aveca. The

soil rrofile at each site wno doacribed.
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The bores exhibliting highent and lowest water levels on cach
line were nolected and the rootn of five treco rapracentative

of the stands at the four sites were excavated using a wator jeot.
Maximum root dopth was detormined as wes lateral root spread in
four quadratno centroed on the enrdinal compass pointo. NMajor
lataeral rootno were measured nlong thelr length to where theilr

diameter fell below 1 centimetre.

Results

Firgures 1-4 1llustvate soil profile, depth to the water table
through the year and diroot syotem considered representative of
cach aite, Rainfall data i1s illustrated in Figure 2., Table 1
shows crown and root parameters for the trees at each site.
Roots were present in zonos subject to perched water presence
on gll of the site studied. Root penetration waa.grcater on
both lineu at the site with lena pronounced perched water table.
Verticol root development diffored markedly between lines

bothh in depth of rcoting and number of vertieal roota.

At the vites on line 1, commonly two or three vertical xoots
‘were present wlith nome sinkers occurring on laterals at the
better drained site. Rarely was more than one vertical root

present at tne sites on line 2.

.There was much greater depth to an impeding layer on line 1
than line 2. Also, heavier textured layers were precent

over the impeding layer on line 2 than line 1,

ee/3




_the cast and went quadrato. The planting mound was in a

Lateral root spread was uniform in all quadrats excopt at

" site (i) 1ine 1, where there wan restricted development in

north~gouth orientantion.

Discunnion

The data show that veriiocal root development is not excluded
by the presence of perched wator, but prolonged presence may

be rectricting the number and depth of tap and sinker roots.

Soil physical factors seem to be important in determining

the noil depth available to root penotratioﬁ. On the sites
studied there was little root growth through a gravelly or
concreted layer. foils of sandy clay and clay texture could

also be restricting root havelopment.

There appéarnd to be restricted lateral root development away
from the planting mound on one site, This site (=ite 1:1)
wan subject to prolongéd preaence of perched water. This
factor could promote instability on very wet sites or gites

with greatly impeded drainago.

" Refaerence

1. T. Faulkner and D.C. Falcolm (1972) 5oil phynical fractors

affectineg root marphology and ntability of Setos Fine

on upland heaths. Forestry Vol. 45 (1) p23~36.



TABIE 1 crown and root parameters for 5% year old P. radiata on

sour Sunklands sites.

[Site No. DEHOB|Ht  |CrowniMaX. Root | Nature of roots VLength of laterals in four quadrats
sampled|{cm)- {(m) ?i%th Depth {cm) (em) (down to 1cm diam.)
A n - - :
x iRange \Horth No.|South|No.|East{No. Fest|{No.
Bore
line 13 g
(i) 5 10.46|7.00 | 2.03|116{32-125| Two, occassionally Il 104 | 4 | 116 6 | 57T | 4 60| 4
three major i
vertical roots. | , 3 B
(i1} 5 14.65|9.94 | 3.381135 85—1701Tno, often three | g3 | 7 101 5 {90 | 8 911 5
: vertical roois + } .
sinkers off |
laterals. \
Bore l 3.
line 2; , :
(1) 5 8.0416.03 | 2,21 75 60~92 [Normally one major \ 85 | 4 g6 2 {172 6 1131 3
vertical root only.& . . 1
i 1 w2 b - .
(i) 5 7.4515.87 | 1.54 | 89 |65-110 [Normally one rajor % 122 |5 | 70 |5 |8 |3 | 67|4
| ivertical root only.%
i ; |
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INOCULATION TRIALS

w.P. 11/80 File No.: 443.222.1

Deaths of P. radiata in the Sunkland occur in a random fashion

through the plantation., This raises the guestion of whether the
healthy trees are exhibiting a tolerance to P. cinnamomi infection

or whether there is a random distribution of inoculum in the
s0il.

This trial was to see whether it was possible to artificially
inoculate P, radiata in the field. Pour plots of 25 trees were

inoculated at each of three sites. These were one year old pine on
‘clovered and non-clovered sites in Jarrahwood and 28 year o0ld pine
at Willcocks. PFour control plots were also laid out at each site.

Bight pine plugs, inoculated with P. cinnamomi were placed in the
soil around the base of the trees in the inoculated plots. Also
at each site two trees were selected adjacent to the plots to be

saturated in inoculum. DPlugs were recovered at regular intervals
from around these trees to determine the viability of the inoculum.

The inoculum declined rapidly at all sites, especially under the
older pine., No deaths of pine occurred over the two years the trials
were monitored. Inoculation did not result in a depression of
growth of the pine (Table 1). In fact, at one site, pine in the
inoculated plot grew better than in the uninoculated plots,

There are several possibilities for the lack of response in this trial.
As the trials were set up in established pine, the proportion of the
population which i1s highly susceptible to infection may have already
succumbed, Alternatively the pine pluszs may not have been a viable
infection source,



TABLE 1 : Growth of P.

radiata

wilh P. cinnamomi.

after attempted inoculation

_1 Year 014 Pine

Height (cm)

Increment'(cm)

3 yenrs 1 - 3 years
Clovered Site : Inocvlated 43é.6 '375.1
) : * NaoJ.
e Control 433.4 373.6
Non-Clovered Site : Inoculated 396,.9 329.4
L . p< 0.
f Control 346,86 289. 4

' 28 Year 01d Pine

Bazal Area (cm)

Increment (cm)

30 years’ 28 -~ 30 years

Inoculated 1.20 0.14
N.S'

1'33 0-14

Gontrol

0




RETORT: SOTL MOISTURE/TEITERATUNE  BXTULIITENT -
MOLIOY 10

T 1R S
Since initiation of P. radiata plantings in the sunklands
there has becn an awarenes: ol the potential of

Thytophthora cinnamomi to cause I, radiata mortalities.

Tn young plantation environmental conditions may be very
conducive to sporulation and spread of P.C. For the
production of sporangia, and infection, a soil temperature
in excess of 15°C is required. Roth and Kuhlman (1964)
postulated two soll moisture thresholds aflffecting
pathogenesis; soil saturation, which stimulotes sporulation,
and field capacity which allows nporce miprotion and possibly
aids infection. Movement of zooupores in the soil water

is considered to be the primary mcans by which new infections
are established. Therefore, for the cotablichment of new
infections soil meoisture levels in cxceuw of field capacity
and soil temperatures greater than 15°¢ are required.

This experiment was conducted over a 17 month period to tect
the hypothesis that environmental conditions in young

T. radiata plantation are more favourable to P.C. zoospore
activiby than in the original native forest, —

Method

Two sites were selected, both on moint mid-lower slope positions;

~ 2 year old P. radiata nlot standing at 17C0 stems
per hectare. '

~ mature jarrah/marri forest.
Two sampling points were establiched at cach site. At cach
point,one fibreglass electrical renintance probe (measuring
temperature and moioture) was cutabliched alb 5, 20, 50 and
90cm denths.
Negsicgtance readings were recorded once rev weelk,
Regults
Temrerature probe resistance readinsg: were converted teo ©C.
Phe recistance reading aryproxinnting ficld capacity wos delorrined

and the periocd when resistronces were leoo: thon thia bowoe isure
vias calculited.

The soil moisture and fermror-Luce v =ine: over the 17 ronths on the
two sites are illustrated in fisurc: 1 and 2. The choded secotid o
indicate when both =oil roicture »nd temperature were nuitzbl

for infection.

/2



Soil moisture. ‘The beriod during which soil moisture wasg at,

or above field capacity was longer, at all depths, in the young
plantation than the netive forest. The longer periods were
mainly due to an extension of wet soil conditions later in
the season; e.g. at 20cm depth in 1974, field capacity was

reached..only.-15 days earlier in the pine. than the native ... o

forest but extended 84 days longer.

The most noticeable differences in soil moisture conditions
between the two treatments were at shallow depths., At Scm
depth, in 1974 optimum soil moisture conditions in the native
forest existed for only 20% of the time as those in the pine,
vhereas at 90cm depth they existed for 85%.

Optimum soil moisture conditions extended furither into

. spring/summer in 1973 than in 1974, From the rainfall data

(Fige 3) it can be seen that higher spring rains occurred in
1973, although the annual rainfall was higher in 1974, :

Temperature, Data for the native forest, at 5Scm depth, was
only available from November 1973 to April 1974,

There did not seem to be the same differences between sites
in regard to temperature as there was for goil moisture. On
both sites, snd at all depths, soil temperatures were depressed
below 150C in early May. 159C was exceeded agaln between

6 and 7+ months later, the only noticeable variation between
sites being at 90cm depth, where there was a log of 1 month
in the native forest.

Periods of possgible P.C, zoogpore activity.: Conditions were
sultable for zoospore activity at all depths on the pine site
during spring 1973 but only at 50 and 90em depth in 1974, Only
at 90cm depth during spring 1973 were conditions suitable on
the native forest site. The more suitable conditiong for
zoospore activity experienced in 1973 than 1974 could be due

to the heavier spring rains experienced in the former.

Digcusgion

In young P, radiata plantation environmental conditions seem to
be more favourable for P.C. zoospore activity, than in the
original native forest. 3Jo0il moisture seemed to be the

primary factor, being influenced sirongly by rainfall and
canopy. Temperature between years, sites and depths (excluding
Sem, data being lacking) was quite uniform, :

The implication is that late spring rains presgsent a threat to
young P. radiata plantations through their influence over the
pericd of P,C. zoospore activity.

References
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Fig. Environmental conditions allecliliy spuluisavivie v e e
in native forest and recently established pine plantatlon.
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TiHE OCCUMENCE OF PINE DEATHS, ASSOCTATED WIAH] HYHOPTPHORA opp.
BRI

ON S0OTL3AIN 1IN DOMNYBROQK JUNKIAND

fhxmnurrx

“Arens of the TDonnybrool JUaklond “in  Weotern Australia are bedng -

converted from native forcot to Iinus radiata plantation.

Some of the native forest is aflfected by jarrah di.ebacl, causcd

by Phytophthora spp.

(18

o= Y

- Docline of the mative forest, and number of deaths of P. radinto .

were compared between goil typco. Morialitics of both P. radiata

and Jjarrah were'gr@atest on the 5ilty loams along the velley

floors. A similarly high number of deaths of P. radiate
occﬁrred on the leached loamy ganda... This was nolt matched by o

high incidence of decline in the native forest.

The leached loamy sandé are one of the major soil types being

planted to P. radiata.fleasures to reduce the impact of Phytophthora

on Pinus radiasta should be concentrated on this soil type where

jarrsh dicback is known to have ocourred.

¢ -



-3

SOIT TYPE 1 2 3 1 5

| _ Area (ha) 4.0 771005 0.2 25.5 15,

e =
_L,J |
-
Rt

g
‘Deaths/ha 0.2 0.9 - 1.1 5.3 2.0 .

ﬂwmwwmﬁ?ffﬁfencé”bétween‘rabcsz”xg = 140 sl po 0005

_ PABLE 2 : The distribution of denths of P. radiata with soll

' type on areas affected by jarrah dicback in o osunkiand
plantation. The pines.- were planted in 1974 and 1976 and the
deaths were recorded in 1980 and 1981.
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FIGURE 13 The occurrence of pine deaths and mortality in
, the native forest with soil type in Lhe Sunkland. In the survcy
ﬂl of the native forest only sites where mortality was evident,
were considered.





