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ABSTRACT

Resﬁlts.are presented of the Darwin pot trial,
designed as a factorial, testing three soils, three
provenances of P. camlbaea var. hondurensis and sixteen
fertiliser treatments 1nvolv1ng ‘the use of P, N, S and

T (trace element mlxture)

The analysis of variance revealed that P; S and -
T treatments had significant effects on total drylweight;

P was the most important nutrient for plant growth..:The.

T x S fertiliser 1nteractlons were also significant. The
PNS treatment was the optimum treatment averaged over all
.soiis and prcvenances.  Seedlings of the Queensland
provenance had the largest dfy weight (averaged evet
fertiliser regimes) on all soils, with the Aiémieambaﬁ
provenance having the least dry;weight. | Seedlings on the
'PBO-10 cm soil had the 1argest'drY‘weiéht‘(aVeraged‘over'
all fertiliser regimes and provenances) and the PB10-25 cm

soil had the least. This indicated the importance of the

topsoil of red earths for the growth of P. caribaea. The
greater prddﬁctién of the PBO-10 cm soil relative to the

Three Ways soil alebindidated that the Point Blaze site

S x N, Px N X S P X T TxS NxTxS, Px S and P x
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should be planted with a field trial.

Mycorrhizal addition resulted in an increase in
total dry weight production in most cases tested. The.
influence of mycorrhizae on the growth of P. caribaea should

be investigated further.

The soil x fertiliser end provenance x fertiliser
interactions wefe_both significant at the}0.00i probability
-level-for'total dry weight peruction. This emphasises
the need for further studles 1nto the genotype X env1ronment .

1nteract10ns with E’ caribaea provenances.

The Ainslie trial confirmed that large increases
in growﬁh can be obtained with P. caribaeca with the addition

of phosphorus.
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INTRODUCTION

Pinus caribaea is becoming increasingly important in

“tropical forestry. This is so since, according to Slee

and Nikles (1968), the species combines all the major
attributes of a succéésful exotic species outlined by
Jécobs (1964); ‘On suitabie siteé the species can producé
similar Qrowth to‘P.zu&uwa and produces strong timber for
constructidnal-purposes (Lamb;‘l973).'~ Ahothe£ reason Why

P. caribaea is becoming important in tropiéal forestry-is

- the lack of general utility of native conifers (Zobel, 1972).

An example of this is callitris in the Northern Territory.

Also, since the eucalypt forests in the Northern Territory
have low volumes and high internal defect, and since the

Darwin market must import most of its timber requirements,

- it is apparent-that an exotic species such as P. caribaea

is needed for the Northern Territory.

In the Northern: Terfi{:ory' P. caribaea has done well
on the deeper red loam soilsv(C:aciun, 19773),_  The
possible reasons why P. caribaea grows well on red earths

are discussed in the review of red earths.
The Point Blaze site is on a red earth in the
Northern Territory. The site has a slightly lower eucalypt

stocking in terms of basal area and number of stems than
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the Three Ways‘site. HoWever, the eucalypt growth on the
site is good compared with other red earth sites on the
mainland.v Thus,vthe reason for the pot trial is to serve
as a preliminéry study of the growth of P. caribaea on this
soil to help decide whether a field trial is feasible.

The Three Ways soil was included so that the PB0-~-10 cm soil
could be compared to a soil wheré P. caribaea is already

growing in the field.

.Therévéré‘léfge differencés‘béfwéén £ﬁe growth'of
P.cxw@baea” Var.v hondurensis provenances in International
‘PrOVehancé trials on red soils. Thus, it was decided Ed
‘include two of the faster growing provenarnces from this
trial, the Mount Pine Ridge and the Alamicamban provenances.
A Queensland seed source (ofiginally from Mount Pihe Ridge)

was also selected.

Thus,'this trial considered the genotype x
environment interaction. :Bevege and Simpgop_(l973) consider
ﬁhis ihteractidn needé fo be taken ihto account when‘
‘species/provenance/family selections are made for estéblishing
commércial plantations in particﬁlar locations with well-

defined climatic and edaphic regimes. .

This interaction was investigated in a pot trial.
These trials have the advantages of allowing the complicated

designs needed to consider the genotype x environment
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interaction. Pot trials also have less wvariable soil
and climatic conditions and results are obtainable in a

shorter time than with field trials.

A pot trial was also conducted on a more fertile,

Mount ‘Ainslie (A.C.T.) red earth. This was conducted to

study the influence of only nitrogen and phosphorus on

growth, since these two plant nutrients have been most

‘important in the growth of Pinuslin,Australia,‘
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AIMS OF THE PROJECT

There were four major aims of this project. These

are considered in turn below.

1.1 Deficiencies in Current Knowledge

Little attention has been devoted to the nutrifion 
‘of P. caribaea, especially to the different provenances. Thus,
one aspect of the project was to study‘growth rate, distributidn
-of growth‘bétween‘different paftsvof therseedling'and'nutriént'
uptake with four:proﬁenances on four red.earths.under Varidus

fertiliser regimes.

1.2 Genotype ¥ Environment Interaction

Forestry is fapidly becoming more intensive in the

' U.S.A. to help overcome the high land costs (Pritchett and
Goddard, 1967). . The same patterh is ocqurring‘in‘Australia,
and thus genotypé X enviroﬁment interactions‘which couid be
used to economic advantage will help reduce the problem of
‘high‘léhd éésiég Bévégé ahd'siﬁpééh fi973’ héve demdn#ﬁfaféd
P. earibaea  provenance X environment interactions in a-
f§Ctorial pot trial tésting for interactions betWeen two soil
types, two endophytes, three provenances and nine fertilisers.
interactions on red earths under different environmental

conditions.
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1.3 Growth with Fertilisers

Pinus ecaribaea, as demonstrated in the nutrition review
of that speciés is an extremely efficient speciesjthat can
grow on nutritionally poor soils, and also respond to
fertilisers. Many of the Forest Services of the less well
developed countries do not fertilise their plantations.
Thus, a major aim of this trial was fo demonstrate that

P. caribaea is responsive to fertilisers.

In Australia, soil nutrient deficiencies often limit

growth, and thus fertilisation is necessary. It is important

to find the best fertiliser regime to apply to a given species
‘on a given soil type. 'This'iS'especially‘sO'in'the"Northern'
Territory, since fertiliser application at planting should

produce enough growth to allow the young tree to survive

through its first dry season. By using the correct fertilisers

survival chances will be increased.  Thus, a major aim of
the Darwin trial was to find the optimum fertiliser regime for

seedlings on each of the three red earths;

Bevege and SimpsOn'(l973)'have‘demthtfated‘thatA
‘three different provenances of P. caribaea eéhibit different
- deficiencies and sensitivities.»vThese-twoffaétors-were-also
looked for with the threé provenances used. in this trial
since if a provenance was sensitive to a particular nutrient,

money and effort would be lost. Similarly, if
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a provenance showed a deficiency in a particular nutrient,

more fertiliser should be applied to that provenance.

Burley, Awan and Frias (1971) -and Humphreys (1972)
have noted.that phosphorus x nitrogen interactions occur
with P. caribaea. Travers (1965),.Beck‘(l970) and Waring

(1973) have demonstrated this interaction with Pinus radiata.

This interaction was studied on four different red earths to

see whether the interaction occurred with P. caribaea on these
soils or whether deficiency of other nutrients limited the

interaction.

1.4 "Response'of P. caribagea on Different Red Earths -

The Point Blaze topsoil was studied with the aim of
establishing the optimum fertiliser regime on this soil,
sincé this informatioﬁ would‘be useful in determining the
- fertiliser regime(s) to be used for a field trial. One
minor aim of including the Three Ways soil was to examine
~the trace element response siﬁcévfhereuis‘a stsible_zin¢

deficiency on this soil.

Thé Ainslie soil was included to compare growth
- responses of the infertile Darwin soils with a soil of

- higher fertility,
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PINUS CARIBAEA : TAXONOMY, NATIVE RANGE, AS AN EXOTIC,

ADVANTAGES AND DISADVANTAGES.

2.1 General Introduction

P. ecaribaea is becoming increasingly important as a
plantation species. There are obvioué reasons for this,
as outlined by Slee énd Nikles (1968).  They suggest tha£
P.cdrﬂmea combinés all the major atﬁributes ofrsuccessful
exotic séecies as given by Jacobs (1964). These includev
‘having the ability to colonise bare ground withgut shelter; -
having a'multi—hodal branching habit and indefinite shoots,
having strong apical dominance, having adequate available
seed supplies, having the ability to be grown in the forest
nursery in one season, having resistance to fire, and finally

having the capability of rapid early growth."

Zobel (1972) considers another reason why pinés such
as“Pimu;éarﬁméa'ére bécoming important in the tropics and

éubtropics is the lack of general‘uﬁility of native conifers.
 This applies to Queenslahd with’ér&@xﬁ%d.daﬁﬁnghmwi and in -

the Northern Territory with Callitris intratropica.

2.2 Taxonomy

2.2.1 Varieties
Barrett and Golfari (1962) studied P. caribaea
morphologically and ecologically over its whole natural range.

They observed differences within the species in its manner of
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growth, size, shape'of seeds and ecological requirements.
From these differences they divided the species into three
varieties correspondiﬁg to three geographically distinct
zones of origin. The three varieties are Pinus caribaea var.
caribaea Barr. and Golf. which is localised in Cuba, Pinﬁs
an%baax'M. var. bahm@nsk;Barr‘ and Golf. from the Bahamas
Islands, and Pinus caribaea var. hondurensis Barr. and Golf.
localised in Central America. Greaves and Kemp (1977) note
that P. caribaea var. caribaea is the slowest growing and

. canibaca var. hondurensis is the fastest growing in international |

trials to date.

- 2.2.2  Provenances.

'Provenancé>in forestry refers to the population of
trees which are growing at a particular place of origin
- (Callaham, 1964). According to Greaves and‘Kemp (1977),
" sixteen provenances of 1% carﬂmea,var.‘homﬂa@nsaa are being
studied in the International Provenance trials throughout
the world and already large differences in growth between

the provenances have been demonstrated.

2.3 Native Range

'P. ‘caribaea has‘a:1arge'and'diédontinUOus'diStributiOn'

(map 1) (Lamb, 1973). The present geographical range of
the species lies beiween 12° 13' N latitude near Biuefields

on the east coast of Nicaragua and 27° 25' N latitude in
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the Grand Bahama and Great Abago (Lamb, 1973). The range
for P. caribaea var. hondurensis is from 12-18° N (Salazar
and Albertin, 1973). The longitudinal range of the species

is from 71° 40' to 89° 25' W.

Considering only P. caribaea var. hondurensis, the
altitudinal range is from sea level to 1000 metres in Belize
(formerly known as British Honduras) and to somewhat lower
alﬁitudes'in Honduras and Nicaragua (Lamb, 1973). Throughout
“its range'P;cxu%baazgrowé in a summer rainfall, winter dry
'séasoﬁ which is free from frost and is warm and humid for
most of the Year.v On the mainland in Belize the climate is
more variable and less equable except on the coast.. = The .
range in temperature in inland districts is from 5°c to 37°%.
In coastal districts-the temperature rarely falls below

15.6°C or rises above 32.3°C (Lamb, 1973).

On the mainland?n P.‘ cafib&éa .valtr.. | hondurensis grows on
different soils to the other ﬁwo‘varieties.‘ In Belize the
pine either grows on the ré1a£i§e1Y'f1at‘ccast, which has
‘alluvial sandy soils which are leached, acid and very infertile,
or on soils in the mountains which are granitic, well drained
and deep (McWilliam, 1955). Lambv(l973) comments thatvqni_
.thé iniah&ASi£és; ?.éd£QMea var. hondurensis can be found»
on é Qidebrange ofvpafenﬁ ﬁaterials, including granites,

schists and shales. These soils are acid, (pH 5-5.5),
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loam to sandy loam and well drained.

According to Lamb, the distribution is not entirely
defineé by soil type or.climate and varies along its.
borders, where the pine is in competition with hardwoods,
according to the incidence of hurricanes, fires and human

interference.

2.4 PINUS CARIBAEA in the Northern Territory

.2.4;va1iméti¢ bifféfehceé frém ﬁhévNatiQe Rénée

P, caribaea has been successfqlly“introduced into the
Nofﬁheranerritory under a monsoonal rainfall of 1300 to
1500 mm pér4Yeéf; >'Thi$ ié avéiﬁiléf.réinféilnﬁovﬁﬁafvofv
Mount‘Pine Ridge, but markedly less than Brus Lagoon which
receives 2600 mm (Lamb, 1973) (map 1). Most inland stands
of the Honduras Republid,and &icaragua have rainfall levels

similar to the Northern Territory. The differences in rain-

fall patterns between the native range and the Northern

Territory appear to be:

(i) . the dry season in the Northern Territory extends

for five to six months. These conditions are more
severe than in the natural habitat of the species.

(i1) the rainfall distribution in the pines'native range
is also markedly seasonal. However, it often has

a tendency to be bimodal in distribution.

(7i7) the wet season in the Northern Territory is wetter

than the wet season in Belize (Cameron and Craciun,




,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,

Slight differences between the Northern Térritory
and the native range of P. caribaea also océur with respect
to the temperature. Golfari (1963) givés the annual meén
temperature for P. caribaea in its native range as 24.5° to
26°cC. The annual mean temperature in the Darwin region is
26{7oc; , The difference in the mean temperature béﬁweeﬁv

the hottest and coldest month in the natural range of

. P. caribaea is GQCf(Golfari, 1963). - In the Northern Territory -

it is only 4°c.

described as a harsher environment for growth of Pinus caribaea.

2.4.2 Performance

By 1972, after two years growth in trial plots on

red earths and sandy colluvial soils, height increments for

'P. caribaea averaged one metre per year (Cameron and

~ Craciun, 1972). Height,increments”of.almost.two.metres.

a year have been obtained by some provenances in an

International Provenance trial at Three Ways, Melville Island

at age 3 1/2 years {(map 2) (Craciun, 1977a).

It was originally expected that provenances from lower

altitudes and the driest climates would be best suited to
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Northern Territory conditions (Craciun, 1977b). ‘However,'
provenances from wetter environments have demonstrated
superior adaptability on the better central Melville Island
vsites. Craciun (1977b) suggests the long dry season is
misleading when selecting the ideal provenance, since the deep
red loam Sbils possess a very good moisture storage wiﬁh"a'
good upward capillary movement from the 7 to 10 metre deep
water table. He suggests that the extreme wet periods and
intense rainfall which occur during the peak wet months,
conétiﬁﬁﬁe‘aﬁ‘léaét és.aifficﬁlf é‘pefiodvfof‘thé pinesvas.

the extended dry‘season.

'2.4.3 ‘Importance and Potential of, and Problems with the

' Species P. caribaea

The best way to demonstrate the importance of

P. caribgea 1is to look at the alternatives available.
‘&ﬂldm%s is extremely slow growing and non-requnsive to
fertiliser application. It has a mean annual VOlumé
increment dfi4m3'ha_lF(CraCidn;'lé77a); This combined With'
‘ﬁheAfact that indigenoué forests havé.lowfvolumés and high
~internal defect makes it obvious that an éxotic_species is
needed for the Northern Territory (Craciun, 1977a) .
Establishment of Pfcxgiera is very important, since the
Northern Territory must now import virtually all its timber

requirements.




,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Most land sﬁited to the establishment of softwood ;
plantations occurs on aboriginal reserves. In the future-
this might be used to advantage, since forestry plantations 
on these reserves would created needed employment for

aboriginals.

- Also, by growing P. caribaea provenances in the
Northern Territory, the genes of different proVenances are
conserved. , This is important, since according to Kemp
(1974) éome‘ofvthe'pf6Vehénéés éfe'iﬁ dénger bf extihétion

due to extensive and frequent logging.

- However, many factors-afe~limiting'the~potential of .

P. caritbaea in the Territory. These include poor soil
types, the occurrence of only small patches-of good quality
land, nutritional pfoblems and termites.  One factor that

- may save forestry in thé Northern Territory, and one I
will not dwell on, relétés to seed. Seed production in
Malaysia is difficult due to envi:onméntal'and‘nutritional
pfoblémé;. .Seed.pfoductioﬁ 66ﬁld‘bfiﬁg.mohey énd employment
to the Northerh Territory;,and.the large-haulage_costs'

with wood production will be reduced.

2.5 Advantages of P. caribaea

P. caribaea has many favourable characteristics. The
species has advantages through the whole forestry rotation

from establishment until the wood is marketed.
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AdVantagéS'at establishment include: the seed is
more easily obtained in quantity than that of moét other
lowland tropical pines, is easily germinated, and fhe‘rapid.'
early groﬁth reduces establishment costs (Lamb, 1973).
The species has the ability to grow on hot, dry infertile
sites, is easy to handle in the nursery, and in Malaysia
competes with lalang ( Imperata cylindrica) (Freezaillah, 1966).

'The species also adapts as an exotic over a wide range of

~

~

latitudes and edaphic situations (Slee and Nikles,-19685.
‘P.cdrﬂméa has‘advaﬁtagés‘in freé‘féfm with éontihﬁal i
proauctioh of side branches reducing weakness associatéd
With'laréé btanéhes>(Lamb} 1973). It hés'é;séiprfﬁhiﬁg
" habit and generally light, horizontal branCheS‘(HaYneé; 1973);
It also has great resistance to fire. On suitable sites
it can achieve a mean annual increment of 21 to;28 m3ha—l
up to the thirtieth year, which is comparable to P. radiata
in Australia and.New Zealand.  Form of the species can be
‘rapidly improved by vigorous sélection. Finally, the
species pfoduces a strong timber:for-COnétructional purposes

(Lamb, 1973).

2.6 Disadvantages of P. Caribaea -

Lamb‘(1973)'COnsiders:many'disadVantages'of growing
"P. caribaea . It does not produce seed ‘in any quantity when
grown in a climate where the winter atmosphere is moist, is

less tolerant of frost and waterlogging than P. elliottii,
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does not survive well as open rooted planting stock, stem
form is usually variable on fertile moist sites and termites
can be a problem. Finally, the species does not produce as -

good a pulp as temperate pines.




,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

NUTRITION OF PINUS CARIBAFA

3.1 Response of P. caribaea to Fertilisation

3.1.1 PFactors and Cautions Relating to Fertilisation

Lamb (1973) considered the factors enumerated by
Maki (1966) and appliéd these to P;cxn%baaz. He suggests
that it is essehtiai tblknow that soil éeréfion and tektufe
permit sufficient rooting depth and moisture retention so
.that‘thextrees.can.make.uSe;of the added nutriénts,
Fertilisation can increase the risk of disease in pine"
plantations if it upsets the optimum balance of nutrients.
Also, lack of humusiand colloids in some deep sandy soils
jﬁa?iﬁré&ehﬁvthé féﬁeﬁﬁiéﬁiof:afﬁificial fertilisers for

periods long enough to permit absorption by trees.

3.1.2 Response to Phosphorus

P.éapﬁhéa appears to be more reséohéivé to phésphorus
than to any other nutrient. = This has been demonstrated in
' two glasshouse trials. Bevege and Simpson (1973)
conducted an omission trial testing for deficiencies of
phosphorus, nitrogen, potassium, calcium, magnesium and
.Queensland. - At 18 months the heights for the "minus
phosphorus" treatments were similar to the controls (nil

fertiliser application).
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Platteborze (1972) obtained a 155% increase in mean height
when phosphorus was applied to the surface soil at Rantau
Panjang plahtatioh in Malaysia.v There'was no obvious

response to any of the twelve other elements tested.

Lim and Sundralingham (1974) established a field
trial using six year old P. caribaea on a Durian soil. The
soll was fertilised with phosphorus, nitrogen and boron.

'Results after three years showed a highly 51gniflcant growth :

response to phosphorus which was further enhanced by the

addltion of nitrogen. The reason they suggest for the

Site index influences the response to phosphorgs.
At Byfield, in Queensiand, fifteen year old P. caribaea eg
responded strongly to rock phosphate'applied at 250, 500 and
750 kgha“l where the site indices were 22.8 and 25.8 metres,
responded less where the site index was 28.9 and not at all

where the indices were between 3l 9 and 41.0 (Anon., 1970,

1972).  On the less fertile 31tes the 500 kgha_l dressing
was economically worthwhile and the response to the 750

“kgha l‘dre551ng'was probably'economically‘worthwhile.

Platteborze, Chong Sen and Sundralingham (1971) studied

ten 0.104 hectare plots of P. caribaea at different sites. in
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Malaysia. They observed a significant correlation between
available phosphorus in the soil and growth rate, the
relationship being hyperbolic in form. They did not find

a significant correlation with nitrogen or potassium.

3.1.3 Response to Nitrogen

' Wafing‘(l969) argues that nitrogen and phosphorus
'should be addéd together, since not only are large
production gains possible in the current rotation, but aé
the equilibrium point of the soil organic matter is raised,
the present trend towards a reduction in fertility can be
reversed.v The apélication of nitrogen on lowland trdpical
‘sites with a pronounced ‘dry season is considered to be
lédﬁénfiéliy hafmfﬁl;-- ﬁitroéenvapéliéétion~sometimés increases
growth during the wet season, when abundant water supplies are
a&ailable, but thereafter léads to redﬁced growth or even

mortality the following dry season (Ojo and Jackson, 1973).

Bevegevand’simpson.(ié?éa) noted}all_tﬁree varieties
of P. caribaea, and also PLeZLQWtiL‘ résponded‘to nitrogeh
.‘:inithe presence ofvsﬁpefphosphaté bhua'poaédl at_Gregory, .
Quéensland. However on a low humic gley-at‘Beerburrum,
‘varieties Thondurensis, caribaéa, and hybrids between varieties
" of P. caribaca and P. elliotti?i did not respond to nitrogen

fertilisation in the presence of superphosphate. Bevege
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and Simpson (1973a) consider the differential response is

due to the low initial nitrogen status of the Gregory soil.

Richards and From (1965) studied the effect of
ammonium nitréte and lime on the early growth of P.cxn%baeav
in a‘glaéshouse trial. High soil nitrate depressed thev
yield of roots.and shoéts in the early stages of the trial,
but this effectrﬁas'outgrbwn between 20 and 31 weeks, éxcépt
for the 1ime and NH4NO3 tréatment which still depressed

~growth at 31 weeksjafter_sowing,_ - Richards (1961)_alsovnoted
this réductionvih-early yieldVWith'high levels of available
‘ﬁitrqgen with P{ amd@ﬂ_ HQwever,.this depressive_effect was

also overcome with time.

3.1.4 Interactions

(i) Nitrogen x Phosphorus

Humphreys‘(l9725 dbéer?éd:a field factorial trial

on a ferruginous latosol in_Fiji. PhOSphdrus, urea, trace
elements and magnesium sulphaté-ha& been.applied. There was
a‘marked'nitfogen”x phdsphotﬁé iﬁtéréctidn‘for P. aﬁ%bdaﬁl
- Burley, Awan and FriaS;(l971) also §bserved-the hitrogen X
phosphorus interaction with P. caribaea var. cdpﬁmea in Cuba
thirty seven months after fertilisers were applied at 50
kgha“l for each fertiliser.  These nitrogen‘x phosphorus
interactions with P. caribaea are in conformity with the genus

Pinus, since Travers (1965) and Beck (1970)
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have obtained interactions with P. radiata and Richards

(1959) established this interaction with P. taeda.

(i1) Nitrogen x Sulphur

The nitrogen x sulphur interaction occurs with
- P. caribaea in glasshouse trials on red earths in the
Northern Terrltory when phosphorus has been applled as a
basal dressing and was therefore not limiting growth
.(Cameron, pers. comm.). Bevege (1973) notes that the
possibility exists of-a nitrOgen X sulphur interaction
_invFiji,rsince sulphur content is lowvin some areas,

partlcularly where nltrogen is low.

3.2 Foliar Nutrient Levels and Requirements

Bevege (1977) has compared productivity‘and foliar
,levels of 18-20 year old P. eZZwttm (P E.E.) and P. caribaea
‘(P C H ) on a range of sites at Toolara, Queensldnd He
noted. that foliar nutrient levels are generally lower with
- 'P.C.H. than P.E.E. on the same site. :This suggests either
P.C.H. is less demanding nutfitionally_than_P,E,E.,‘or,thatv

the continuous growth of P.C.H. requires transport of

nutrients from mature to developlng follage. The follar
‘levels of nltrogen ranged from 0.57% to 1. 286 for P.E.E.

‘and 0.57% to 1.05° for P. C H. Follar levels for phosphorusb .
ranged from 0.051% to 0.124% for P.E.E. and 0.041% to 0.986%

for P.C.H. Foliar levels for calcium, magnesium, copper,
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zinc, boron, manganese, and sulphate - sulphur were.generally
lower in P.C.H. on all sites. However, for potassium,
P.C.H. has higher concentrations than P.E.E. in five out of

six cases.

‘Huﬁphreys (19?2) also compared the foliar
concentrations of P. elliottii and P. caribaea in the field.".
This was done in the Nausori Highlands in Fiji with trees
four years old.»k P. caribaea had lower foliar concentrations

- of nitrogen, phosphorus and potassium, slightly higher
conceﬁtrations:ﬂnrcalcium, and higher concentrations‘for
'magnesium.' The results for potassium and magnesium are-

opposite. to. those obtained by Bevege (1977).. o

Iyambo (1973) has carried out.a chemical anaiysis
of P. caribaea trees on a basaltic soil in Nigeria. He
analysed the roots, stems and needles for hitrogen,
phosphorus, potassium,:sodiﬁm, megnesium and‘célcium. Tﬁe
contents of the needles were ﬁiqher than the'stems and roots
in every case. The level ¢f nitrogen in the foliage was
10.74% which is similar to levels found by Bevege (1977).
However, Iyambo (1973) observed extremely high phosphorus
values in the foliage of 0.41%.  He commented that.this
high;level of‘phosphprus would improve»nitrogen uptake.

Bonneau (1973) has divided species into three groups

in terms of optimum foliar composition.
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(i) conifers with needles low in mineral elements
-such as Pinus elliottii, P. pinaster and P. taeda. 1.2-1.5% N,

0.10-0.11% P.

(ii) conifers with medium-rich needles such as

Pinus radiata, Picea abies. and several deciduous species.

(iii) Some conferous and deciduous species whose

foliar system is rich in mineral elements.
> 2.0% N, 0.24% P.
- Neglecting the case of Iyambo (1973), P. caribaea

and P. taeda.

Pinus caribaea tends to be more tolerant of low

phosphorus conditions than P. elliotti, and thus the critical

level is lower (Bevegé, 1973). The critical foliar level
for P. caribaea is in the range 0.065 - 0.070% on most sites
“(Anon, 1975). ° The levels for P;eZ%&ﬁtfﬁ‘ahd‘Ek‘uwda are

1 0.081 and 0.098% respectively.

Freezaillahv(1966) states that P. cariba&i is not

demanding on the nutrient status of the soil. = Indeed,. good:

. s = . - , N N v = -l . N N N - - . . - - n .
growth of the order of 14m3ha . can be obtained on relatively

poor soils if rooting depth is sufficient.

fe s
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Further evidence for the low nutritional requirements
of this species, apart from the low levels of nutrients in
the foliage considered earlier, has been given by MullinA
{pers. comm;). In Rhodesia the species has been plantedr‘
on infertile, shallow, gravelly soils derived from granite.
The growth has been excellent, with trees averaging 11

metres by six years. 1Indeed the poorer sites have been

chosen since P. caribaea outgrows every other pine on these

sites.

3.3 Influence of Soil Nutrient Status on Development

of Vertical Roots

rooting depth for P. cartbaca. He studied rooting patterns
(depth of rooting in particular) on three different soil
types in Malaysia. Freezaillah and Sandrasegaran (1969)

have observed that nutrient status of the soil influences

‘depth of rooting of P. caribaea. - They studied seven

different soil types in Malaysia and found the verticial

‘rodts of P. caribaea developed deepest in soils richest in

phosphorus. Sites with highér‘phOSphorus status also

had a larger root volume.

3.4 Mycorrhizéev

Raets (1962) used two different nursery soils

having similar chemical composition and physical properties.

.................
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On the La Mucuy (Mexico) soil the pines grew successfully,
vet on the Merida soil they did not. He thus used nursery'
plants transplated into the two soils and also a third

soil composed of the Méridé soil with a small amount of the
La Mucuy soil. He observed significant differences as to
height growth, weigbt increment, mycorrhizal develqpment
andvcoloﬁrsof the plants, in favour of the La Mucuy soil
and the mixturé. He concluded thatvthe differences between

the soils were due to mycorrhizae.

An inverse relationship has been found between total
nitrogen content of the seedling roots and mycorrhizal

- percentage (Fowells and Krauss, 1959 and Dumbroff, 1968)

Richards and Wilson (1963) observed this trend with - Pinus

" earibaea in a.glasshouse trial. Mycorrhizal development
was reduced by increasing thé'level of soil hitrate, either
by adding ammonium nitrate or by liming. However‘Anthony
(1971) did not observe this trend with P. caribaea in a pot

trial in Malaysia.

High levels of nutrition affect the development
of mycorrhizae on P. caribaea. Richards and j{jilson (1963)
have observed that with the addition of sodium dihydrogen
phosphate the percentsge‘qf nitrqgen in the rqqtsrwas
lowered, and mycorrhizal development increased. Anthony
(1971) observed that his "good" fertiliser treatments had
better mycorrhizal development, and that "poor" seedlings

had sparsely developed mycorrhizae.
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Dieback occurs with P. caribaea in the lowland
tropical countries and particularly in Malaysia (Slee, 1977).
Affected stems exhibit an absence of foliage on some shoots
where the needles fail to penetrate the fascicle sheath.

The needleiess lengths may extend for several metres, and
the affected stems freqﬁently dieback and maiformationvinﬂ»

the form of forks or basket whorls results.

" Slee considers the symptoms so widespread as to
indicate major climatic controls asvthe_cause_of dieback.
However, ‘he considers the effect may be modlfled by edaphlc

condltlons or ralnfall patterns.

Many authors have suggested nutritional factors as
~a cause of dieback with P. radiata and P. caribdea
(Proctor, 1967; Gentle, 1970; and Waring, 1971). Waring
(1971) studied disorders of .P,carﬁméa throughout Malaysia.
o . The. trees had.normalrform'onfseveralfdegraded‘sites, but-

- in Western Malay51an plantatlons, on cleared hlgh SlteS
partlcularly, multlple leaders, crooked stems, foxtails
and leadlng shoots were common. He suggested this could

"be due to deflclehcles'lh'major elements or trace elements
such as boron. Proctor (1967), Gentle (1970) and Snowdon
(1973) all observed correlations between boron deficiency

and dieback in P. radiata.




3.6 Conclusions

P. caribaea seems to be an extremely efficient
species. Information on this subject is sparse, but I

will tie relevant information together.

(i) : Bevege (1977) has‘shown tha£ the speciés-islv.
either less demanding nutritionally than P. elliottii or
that the growth of. E%nus<iu¢baaz.throughout.tﬁe year
"involves transpbrt of nutrients from mature developing

foliage.
(ii) Pinus caribaea compares favourably to P. radiata
in terms of wood production (Van Altena, 1971).

(ii1i) it can grow faster than most species on

poor soils (Mullin, pers. comnm. ) .
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CHAPTER 4.

GENOTYPE X NUTRITION

4.1 Increasing Forest Productivity

There are only two main factors that limit forest
productivity. Theée are quality of the enVironment and the
genetic potential of fhe trees (Davey, 1967). Iﬁ-Australia,
soii hutfiént‘déficienéiééAQfﬁen limit growth of piné -
plantations = (Forrest and Ovington, 1971). It 1is thus
: necessafy to fertiliSeldefiCiehtlplantations.-‘-it-is also
important‘to find‘prévenanCes that'respond'té these

fertilisers.

4,2 Reasons for Differing Abilities of Genotypes

t& Respond to Fertilisation

4.2.1 Differences in Uptake

Nutrients move from the soil]acrésé the root
boundary to - the intexior of the‘root and eventually to the
upper portion of the tree (Vbiét;J1967);‘ Genétic;
environmental and physiological combonents afe all involved
in this ion uptake process. The genetic component will

be considered in this review.

Differences between genotypes in terms of uptake
are influenced by many factors. These include lateral

roots (Russell and Sanderson, 1967; Bowen and Rovira,
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1970); thicknesé of root and amount of root hair (Nye,
1966); root size (Giertych and Fober, 1967); area of
root absorbing surfaces (Nye and Foster, 1958; Forreét,
1969); root cation exchange capacity (McLean, Adams and
Franklin, 1956; Snaydon and Bradshaw;_l961); differences
in ability to 1ower,the free energy of phosphorus (Nye
-and Foster, 1958); - carrier syétems (Noggle and Fried, 1960;
Snaydon and'Bradshaw, 1962; Voigt, 1967) and growth |

1nfluence on uptake (Van den Drlessche and Warelng, 1966).

Specht and Groves (1966) have noted the success of
indigenous heath species on phosphorus deficient soils
may be due to their enhanced ability to efficiently
redistributé,phosphorus>and other elements already within
‘the plant}‘ de.and Barber (1958), Schauble and Barber

(1958) and Clark (1975) have‘all considered the efficiency

~ of translocation of magne51um in different maize (Zaz;ays L)

inbreds. Clark (1975) concludes that magneSLum was not

being as efF1c1ently +ranslocated to the leaves in Oh 40 B

as in other inbreds, and that the controlling mechanism

appeared to be in the root.

Variation in efficiency of nitrogcen utilisation

has been noted by Vose (1962), Walker and Hatcher (1965) and
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Giertych and Fober (1967). Giertych and Fober (1967)
studied twenty Polish provenances of Picea abies and fduﬁd
the better growing‘provenances were more economical
nitrogen uéers. Vose (1962) considered the relative
efficiency of three strains of ryegrass with regard to
nitrogen utilisation. He note@_that.strain A was more
efficient, being able to .accumulate the greatest amount.ofv

dry matter with the nutrients available.

Rées‘and'Haééquna’(1964)>héve shown differenceévih
the efficiency of - phosphorus, potassiumiand iron utilisation
between inbred and hybrid Fl rye families. Shea, Gerldff

- and- Gabelman (1968) have also observed differences ‘in - -
efficiéncy of potassium utilisation in strains of snapbeans

" " (Phaseolus vulgaris).

4.2.3 Conclusions

As a consequence of thefabové factors, namely
differences in uptake, translocation and utilisation,
different provenances and other génotypes growing in the
same’ environment exHibit. different concentrations of
nutrients in the foliage. This phenomenon has been

: observed:at-the»speCies level-(Beaton:gg;gl;, 1965;' and
Van den Driessche and Wareing, 1966), at-the~varie£y level
(Munns, Johnson and Jacobson, 1963), at the provenance

level (Steinbeck, 1966; Giertych and Fober, 1967; and




Van den Driessche, 1973), at the clonal level (Curlin,
1967) and finally for control pollinated progenies

(Jahromi, Goddard and Smith, 1976).

Also, as a consequence of variations in uptake,
translocation and utilisation, genotypes vary in
susceptibility to nutrient deficiencies. Millikan (1953);
Fielding and Bowen (1961), Wall and Andrus (1962), Epstein
and Jeffries (1964) and Bevege and Simpson (1973) have all
noted vafiations ihisﬁscépﬁibility £d défiéiencieé béﬁweéh'

genotypes.

- Finally, -differences in uptake, translocation and - - - -

utilisation result in plants having different requirements

for nutrients. This allows the genotype x environment

. interaction to occur. This is considered below.

4.3 Genotype x Environment Interaction

The variation between genotypes in their response

" to different environmental conditions is called the genotype

% environment interaction (Shelbourne, 1972). Interaction
exists if genotype A performs better than genotype B in
one environment, but B outperforms A in another environment

(Wright, 1973).

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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4,.3.1. Interactions in Terms of Yield

(1) Genotype x Nitrogen Interaction

Curlin (1967) propagated 22 Populus deltoides
clones from cuttings and grew these under fertilised and

unfertilised conditions. He obtained a strong clone x

nitrogen fertiliser interaction in terms of height, diameter

and volume growth.

(ii) Genotype x Phosphorus Interaction

Goddard, Zobel and Hollis (1976) obtained this

interaction with Pinus elliottii in a glasshouse trial. They

‘conducted the study to gain some insight into mechanisms

by which some families take greater advantage of added
phosphorus than others. = They suggest that there are

inherent factors that influence the transport‘and utilisation

~of phosphorus; and size and extent Of_abSOrptive root

surfaces. They suggest these factors could be responsible

' for differing responses’tb phbéphordé fértilisérs in the

field.

(iii) Genotype vaitrogen x Phosphorus Interaction

Posey (1964) has observed that even individual

trees within a species may react differentially to a given

fertiliser. Using Pinus taeda as the test species, he
observed that the "average" tree receiving nitrogen or a

nitrogen-phosphorus regime, responded with an increase in
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growth, decrease in specific gravity and decrease in
tracheid length. However, of the 120 trees sampled from -
plots receiving nitrogen, 30 trees failed to follow the

average tree pattern of response.

Jahromi et al. (1976), using contrél pollinatedv
Pinus elliottit on‘a phosphorus deficient soil undef,four
fertilisation treaments (nil fertiliser, phosphorus,only,
nitrogen ohly and nitrogen and phosphorus together) obserVed
a génot?pé.kvférfiiiéeriiﬁtefaétion;_.HoWéVer;.thé éffeéﬁs
of the fertiliser tréatments were stronger than the genetic

effééts dnvthiéVSOilQ

Bevege (1977) has studied the species/variety
x fertiliser interactidn with.the three varieties of Pinus
“andba&i and Pinus elliottii on a lateritic podzolic and a
ground water podzol at Bihgera, Queensland. P,capﬂmed
résponded best in terms of height, to the nitrogen X
‘.éhosphorus fertiliser regime at age 2Hl/2.yearslon both

_Soil types.

(iv) P. caribaea Provenence x Fertiliser Interaction

Bevege and Simpson (1973) have conducted-a pot:
trial designed as a factorial testing three provenances of
P. caribaea, mycorrhizal inoculation with Boletus or Rhizopogon
and an omission layout of nutrieﬁusinvolving nine fertilizer
treatments on granite derived ridge and swamp soils from

Cardwell, Queensland. They obtained a soil X provenance
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X nutritionrinteraction significant at the 0.01

probability level and a provenance Xx nutrifion interacﬁion
significant at the 0.05 level. ‘They,interpreted this |
interaction as -indicating that different provenances
exhibit different deficiencies and sensitivities and react
different;y on different soils. Nikles (peré. comm. )
"also studied the P. carﬁmed provenance x environment
interaction, but in the field. He studied a Cardwell
ridge soil and a Kennedy swamp soil, using fodr‘fertilisér_
régimes.  Over all sifes,-fertilisers, and provenancés,

he obfained a provenance x fertiliser interaction significant
at the 0.01 probabiiity‘lével‘in_terms of current height

increment.

4.3.2 Interactions in Terms of Nutrient Concentration in

the Foliage

Jahromivgg*gl.'(1976);'apart from obSerVing‘a
slash pine cross (Pinus elliottii) x fertiliser interaction
~in terms of height,'top'ary weight'and néedie'dry weight
in_a 16 month long'pot’trialfvalsq Qbserved‘this interactiqn
in total accumulation of nitrogen and phosphorus in the
whole seedlings and in the distribution of these elements
into the plant portions. Alsq Walker and Hatcher (1965)
dbtéinéd a proéeny kvférﬁiiisér ihteraction With Pbms
elliottit for nitrogen and phosphbrus concentration in the

needles.
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4.3.3 Genotype x Mycorrhizae Interaction

There is evidence that differences in seedling
vigour may befbréught about by inoculating with different
mycorrhizal inoéulum (Bowen and Theodorou, 1967; Theodorou
and Bowen, 1971; Lamb and Richards, 1971; and Bevege and
Simpson, 1973). Lamb and Richards (1971) inoculated
P. elliottii and P. radiata -with eight species of mycorrhizae
in a glasshouse trial. The eight species of mycqrrhizae
differed.in their effectiveness with respect'toinutrient
‘uﬁﬁake aha yield.of.théAplaﬁt, énaﬁﬂﬁgspééiéé difféféd  V
in effectiveness with the two pines. Bevege (1977),lin a
pbtvtrialvtestinguthfée prdvehéﬁcés of P. anﬁbaaiwith tWo
endophytes on two soils from Cardwell'(ridge'and'swamp){
observed a significant prdvenance x endophyte interaction:
in terms of shoot dry wéight and a significant soil x
provenance x endophyte interaction in the same unit of

~measure as well as root to shoot ratio. .

4.3.4 Genotype x Soil Interactibh‘. 

Both Bevege and,Simpson.(1973);and.Nikles (pers.
comm.) have obtained provenance x siﬁe‘interactions, in
terms of_heightAincrement,ywith»Picqpﬂnea prQVenances.
The.former used a pot trial, whereas the latte: used a
field trial. However,»they both used swamp and fidge soils

in their studies. Zobel and Roberds (1970) mention a




glasshouse experiment using two . control pollinated seed

lots of Pinus taeda. The two crosses showed strong differendes‘

when grown on saﬁdy versus clayey soils. They consider this
'pointsto the potential of obtaining greater production by
putting both the soil and fertiliser - responsive select

trees in the proper environment.

4.4 Selection of Genotypes

4,4{1__ Reasons for Selection

'Triéls evaluating>the genotype x énvironment'
interactiqn allpw a. better consideration of the,trees to
be evaluatedvfpr b?eedinglprogpammesv  '(Beyegg'and_simpson,
1973). These trials also ensure that management decisions
about what to plant, whefe to.plant i1t, and how to grow it
- are made with a sound appreciation of the tree/site variables

and interactions involved.

" Forrest and Ovington‘(1971)-consider'there'should
~be-sele¢tion) aS'parents'of‘fututé;tree crops, of trees of
-high growth rates and efficient utiliSétiQn of the available
nutrients on the deficient'soilslof Australia. Selection
of provenances along thesevlines before seléction of
'ihaividuél tfées‘wiii éivé‘.P;éafi&u&-ﬁréé bféeaéré‘inbtﬁé'
futdre an opportﬁnityhtb‘imprOVe féfm and grbwﬁh‘With |
provenénces that have already been shown to respond to

fertilisers.
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4.4.2 Choice of Genotypes

In regard to nutritional responses, the ideal

genotype is one capable of sustaining growth at a low

- fertiliser level which also responds to high substrate

nutrient levels (Jahromi et al., 1976). Indeed, Nikles
(pers. comm.), with® P. caribaea International Provenance
trials, has studied provenances at high and low levels of

nutrition. ~If forest fertilisation practices change in

' the_near'futuré, and this_bould happen asjfdodycrops receivev_

high priority, then he will have provenances at hand

immediately that grow well without fertilisers.

'4;4;3 "VBenefiﬁs'énd'Cohétféihts bf GéﬁotYpé‘Seiécfidnv

for Nutrient Response

Selection of trees which respond to fertilisation

could markedly increase the economic efficiency of

fertilisation, as well as increase the already considerable

- value of tree improvement programmes'(Davey, 1967).

Selection of provenances, for response to fertilisers:

before individual tree sélection, would undoubtedly increase

. the value of tree improvement programmes.

HoWévéf, thefé éfé édnStfaihts;- -Seleétion of
trees respohsivébtbvfertilisér and not treeé\thétbérow well
at low levels could be a dangerous practice. This is so

since labour and ground preparation machinery are expensive,
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interest rates are high, and fertilisers and machinery
fepresent very high energy costs (Bévege, 1977). Most

of the genotype x nutrition iﬂteraétioné have been with
young trees (Zobel and Roberds, 1970). They question:
whether these interactions will be observed at harvest time;
They suggest care needs to be taken that response alone is
not the sole c¢riterion. Total performance, with or

without fertilisers, is of ultimateiimportance.
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. CHAPTER 5.

RED EARTHS

5.1 Distribution, Physical and Chemical Propertiesl

Red'earths are wideiy distributed over the greatér
part of the ééntinent north of an arc running from soﬁth-'
east N.S5.W., through Oodnadatta in South Australia to near
Geraldton in Western Australia (Stace, Hubble, Brewer,

Northcote, Sleeman, Mulcahy and Hallsworth, 1968),‘

vRéd earths have gradational profiles that are not
ééicareous'throughbut andvé héfizéﬁs.have aﬁ‘eafthy fabrié
" and are whole Ccloured'réd' (Nofthcbte}'Hubbié}'ISbelilahd'
.Thompson, 1975). They have weak profile differentiation
with gradual or diffuse horizon boundaries except for the
darker Al horizon. »bThey have deep profiles fanging from
0.9 metres to'6,0 metres, with clay content increasing
with depth (Stace et al., 1968).
Red eartﬁ soils,océur.widely throughout‘the

' Northern Territory in the rainfall range 657 mm to 1625

mm (Day and van-Cuylenburg, 1977); Day and van-Cuylenburg

have divided the red earths of this range into four groups
baéed on profile morphology. - These are loamy, sandy, - -~ ~¥ 
lateritic and duplex red earths. All theée groups are

deep soils (greater than 150 cms), with the exception of

the lateritic group.
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The fertility status of red earths is low
(Stace EE;EL" 1968; Northcote eg_ai;,'l975; Day and
van-Cuylenburg, 1977). Both phosphorus and nitrogen wvalues
are low (Isbell and Smith, 1976; Day and van- Cuylenburg,
1977). Total contents of zinc and copper are also low
(Day and van-Cuylenburg, 1977).

5.2 Growth of P. Caribaea on Red Earths

5.2.1  Influence of Texture

' P. caribaea appears to be very adaptable to different;
'seil types,‘sinee it will succeed on both loamy and sandy -
soils (Poynten; 1975).- Vlera (1967) has demonstrated that
1t can grow on 1nfert11e sands in Guyana. | Platteborie VVVV
(1971) reported on the most desirable textures for pine
plantations in West Malaysia; Very suitable soils have
textures heavier than sandy 1oams, suitable.soils have
‘sandy loam textures and marglnal soils have‘sandy or loamy

sand textures. Bevege (1977) has shown at Toolara,'ln

Queensland, that P. annba&zgrOWSfbest‘on,loamy soils.

Althoagh red earths.have:lewlchemieal‘ferﬁiliﬁy,‘
Isbell and Smith (1976) note that many of their properties
are‘agronOmiCally favourable., Day’and’Van4Cuylenburg
(1977) studied the textures of the A and B horizons of the
four groups of red earths. Using Platteborze's (1971)

classification, the loamy red earth topsoil appears
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especially suitable for pine plantations) and the topsoil
of the sandy group sﬁitable. All the B horizons of the
four groups have textures heavier than or equal to sandyﬂ
loams,_which Plétteborze states is very suitable for pine
plantations. It is obvious thét red earths possess the

physical chéracteristics to support growth of P. caribaea.

5.2.2 Influence of Drainage

Hun£ (1960) (quoted. from Humphreys, i972),has' v
noted that in the native range of P. caribaea, the variety
- grows best on well drained, well watered locations.
Platteborze (1972) placed great 1mportance on soil internal
dralnage for hlS 5011 cla551flcatlon in Malay51a.‘ Véfy vvvv
suitable soils (class A) are well drained whereas unsuitable

soils {(class C) are excessively drained or have imperfect

drainage.

Slager and Schulz (1969) also.considered drainage
. in their soil classificationﬁfor:Pﬁﬁ&fau%&um in Surinam.
'Freezalllah and Sandrasegaran (1969) observed w1th free
dralnlng 50115 in Malay51a the depth of rootlng varled

between 2.2 and 3.3 metres. High water tables, soil

vertically growing roots.
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Red earths are well drained. This is to be
expected since these soils are red, indicating that iron
is not as hydrated as with yellow soils. Isbell and Smith

(1976) have noted this with Queensland red earths, and

Cameron and Craciun (1972) and Day and van-Cuylenburg (1977)

have observed this with Northern Territory redvearths.

5;2.3 Influence of Depth

Platteborze (1972) placed great importance on
soil depth in his soil suitability scheme for P. caribaea.
Soils deeper than 0.9 metres are very suitable for this
speciés. Effective soil deptﬁs}bétween O.élaﬁd‘0.9 métréé
also considers the importance of soil depth for P. caribaea.
' He has observed that the variety will producé large wood
Voiumes'even on marginal soilé, provided the soils are

sufficiently déep.

 Red earths are usually deep_soils and‘IsbeL1 and

Smith (1976) observed the North Queénsland red earths ranged

from 3 to 6 metiesbin dépﬁh, while in the Northern Territory

Day and van-Cuylenburg (1977) have noted that three of the
four groups are:deeper*than 1.5 metres. Thus these red
earths are‘deeper'thén'the 0.9 metres which Platteborze
(1972) notes is very suitable for this species. Red earths

also have very low stone contents (Day and van-Cuylenburg,

1977).

L T L
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5.2.4 Influence of Fertility.

Platteborze (1972), in his soil éuitability
classification for P. cartbaca, did not mention soil nutrient'
deficiencies since they could be corrected by fertilisers.
In the review of P. caribaea nutrition it has been explained
that this species is‘a very low nutrient demander so the low
fertility'of redvearﬁhérreferred tovearlier would not
necessarily hinder the growth of P. caribaea to the‘degree it

would hinder other species.

5.2.5 ‘Influence of Sesquioxide levels

~ Hunt (1960) nétes'that'P.kxa%baarih Belize grows
-best -on pink-red colluvial type-soils derived: from granite, - -
slate and quartzite. Humphreys (1972) adds that this
provenance grows best on a soil at least partly derived from
igﬁeous rocks and reasonabiy high in sésquioxidés. Indeed,

red earths are dominated by sesquioxides (Stace et al.,

1968).

5.2.6 Influence of Moisture Retention.

Day and'van-Cuylenburg (l97l)‘Studiéd‘the moisture
retention of the four groups of red earths in the Northern
' Tefritory."The‘sandy>and-lateritiq'red-earths-retaihed less-
than-thé loamy red earth group, and the'dﬁplex group

retained least. Considering the deep nature of these soils
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and the strong annual recharge, there is a large supply of
plant available moisture for deeper rooting species such as

P. caribaeaq.

5.3 ‘Limitations of Red Earths
(1) Iow nutrient levels.
(ii) Phosphorus fixation (This will be discussed

in my experimental work).

(iii) Limited occurrence. Areas of good quality
red earths only occur in small patches, allowing only small
‘scale plantation projects.

"""" '(iV)l 4'High erosion susceptibility. This is
especially'so with the less coherent, sandy, lateritic and

texture contrast red earths. (bay and van-Cuylenburg, 1977).

(v) Limitedbwaterientry._ Many of the loamy
red earths become hardset and crusted during dry periods,

“hence limiting water éntry (ﬁay'ahd'van—CuYLenburg,'l977).

5.4 | Nutrition of P. Caribaea on Red Earths

P. caribaea has been tested on two main soil types
house trials. These are red earths and sandy colluvial
soils. The soil type with the best potential for a
plantation scheme is the red earth, since P. caribaea has
responded well to fertilisers in both glasshouse and field

trials using this soil type.
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The first main trial with P. caribaea was a
glasshouse omission trial on a red earth from Three Ways.
Phosphorus was the most important nutrient but nitrogen
and sulphur were also important. Other glasshouse trials
on red earths have followed. There have been consistent
responses to phosphorus,'sulphur and nitrogen and their
interactions. This is different from souﬁhern plantaﬁioﬁs'
where thevmain_response is to phosphorus, nitrogen and
potassium.

However, in field trials on red earths the méin
édnéisﬁéﬁtvreébdnéés>hévé.bééﬁ'td éhos?hofﬁs éﬁdlnitfdgén
"and their interaction. = There has been no growth response

to sulphur in the field.

5.5 The Growth of P. anibaazon'Réd Soils Derived

from Laterite’

Nikles (1970) noted species x site-intéractions
involving red earths at Beerwah, Queensland, with P. caribaea
producing a superior economic yield compafed to P. taeda on
‘red earth résiduél soiis;v The.févéfséﬂ§é££e£ﬁ oc¢urréd én

- humic soils.

Craciun (1977a) has considered the growth of
different provenances of P. caribaea in an International
Provenance trial at Three Ways, Melville Island on a red

earth. The Alamicamban provenance is slightly
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superior to the Mount Pine Ridge and Queensland select
provenances in terms of height growth. Two other authors
have also observed that the Alamicamban provenance is doing
well on red soils. Kaumi (1977), in Ugahda,:noted that
the Alamicamban provenance was superior in'grpwth to the
Mount Pine Ridge pfovenance at age 3.4 years on a lateritic
red soil of shallow depth over murram and ironstone.
Vivekanaden (1977) observed this same trend on.a red

1ateritic,clay loam in Sri Lanka.




DARWIN "TRIAL
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CHAPTER 6.

INTRODUCTION

The trial was a 2% x 3 x 3 factorial testing for
interactions between sixteen fertiliser regimes, three

provenances and three red earths.

6.1 Provenances

" The three provenances used were the "Queensland"
provenance, the Mount Pine Ridge provenance and the

Alamicamban provenance.

'6.1.1  Site Details of the Three Provenances

These ére,shown in table 6.1. The Queensland
prbvenance was routine-collected seed obtained from a trial
plot at Whitfield Creek, Queensland,-established between

‘1952 and 1956. The seed for this trial plot was originally
obtained from. the Mount>Pine‘Ridge‘site; - This trial plot
- received no site preparation;br:fertilisation,= - The  Mount
Piné Ridge area'carries a poorly étocked stand of pine,
-gr§Wing ohvérassy'brbken'fidéés:é6§é£ing an area of 595
square kilometres (McWilliam, 1955) {(map 1). The soils
are Teached and low in organic matter, which is generally

The Mount Pine Ridge (M.P.R.) provenance in this trial was seed

collected by a commercial seed firm. Daganayasi (1974)
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notes that commercial seed collections in Belize are made
-without any tree selection at all. The Alamicamban
provenance lies approximately in the centre of a large
coastal savannah in Nicaragua (Haynes, 1973) (map l); The
seed for this trial was collected by the Cdmmonwealth
Forestry Institute, so this seed may be of better quality

than the M.P.R. provenance.

6.1.2 . Seed Weight and Nutrient Reserves.

The Queenslénd and M.P.R. provenances have similar .
‘seed weight, with the Alamicamban provenance having a much
émaiief'éeed weighﬁ.i.in.geheral,Athé Queensléﬁd proﬁeﬁance
"has the largest aﬁOunt of each nutrient and the Alamicamban

provenance the least (table 6.2).

6.1.3 Choice of Provenances

‘All three provenances.have shown_fast growth rates
in‘the Internatiénal Provenance trial at Thtee.Ways. This
. was. an important factor in the choice bf,provenances,<sinqe
the Darwin trial was only of.a short term nature. Also,
‘Bevege and Siﬁpson (l973)vhaﬁé ﬁééd-ﬁhé‘M.ﬁ;R; énd |
Alamicamban provenances invavsimilar frial in Queensland.
This allowed the results of the Darwin trial to be compared

with another trial under different environmental conditions.

6.2 Soils

The PBO-10 cm soil had the highest concentration
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TABLE 6.2

Seed weight and nutrient contents (3 replicates)

PROVENANCES

Variables_‘

QU

M.P.R.

(mg/seed) | (mg/seed)

ALA

Seed weight 21

p/Seed 0.223

REEEEE L ome
Zn 0.005
Fe 0.006
Mn 0.004
kK 0.162
Ca 0.026
Mg ] 0.081.

21.4
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of total soil phosphorus and the Three Ways sbil thé least.

The PBO-10 cm soil also had the highest conéentration of |
total soil nitrogen and the PB10-25 cm soil the least. 1In
general, the total and exchangeable catidns were highest on

the PBO-10 cm soil, and least on the Three Ways soil. The | .
pH values for the three soils were similar. The PBO-10 cm |

and Three Ways soils had sandy clay loam'teXturés,,whereasv

the PB10-25 cm soil had a sandy clay texture. The Three

Ways soil had the largest amount of‘organiC matter and the

PB10-25 cm soil had the least (table 6.3).

6.3 | Comparison of the Three Ways' and Point .Blaze Sites

The Point Blaze site is on the mainland approximately

160 kilometres south-west of Darwin (map 2). The fact that

it is on the mainland offers a distinct advantage over
Three‘Ways on Melville Island (map 2), where logs will have

to be moved by log truck»and»bafgé to gét'tcfthe Darwin

market. Both areas have a Eucalyptus miﬁiata - E. tetradonta
association. The Three Ways site has a siightly higher
eucalypt stocking in terms of bésal area and number of stems

- per hectare (photos l'and'Z); '




TABLE 6.3
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Chemical and Physical Properties of three red earths

Soil Property PBO-10 - PB10-25 3w

Chemical Compositions

Total P (2 replicates 130 110 90
p.-p.m)

N ) 920 460 830
K ~ 280 290 100
Ca . 1,000 430 100
Mg o 630 580 400
Na 120~ 140 130
Fe ' 27,000 33,000 51,000
Zn 9 10 10

""" Cu 9 12 10

S Mnoo 124 0 132 . . . .82 . ..

Exchangeable Cations

(meq/100qg)
(2 replicates)

Ca 4.5 1.9 0.7
Mg 26 1.8

K , 0.2

Na 0.1 0.2 0.4

PH . : 5.8 5.8 6.0

Physical Propertieé

| Texture (2 replica-. ,.Sandy.Clayi.Sandy.  Sandy Clay
tions) Loam Clay - Loam

Organic Matter (%), ' 5 9 ’ 25 5 g

(3 replications)

Moisture Retention
{(¢) (1/3 bar) 19.5 18.1 17.0
(3 replications)




MAP 2.

OCCURRENCE OF THE TWO SOIL COLLECTION SITES IN THE
‘NORTHERN TERRITORY.




PHOTOS 1 AND 2

Vegetation of the two sites of soil collection

PHOTO 1

Three Ways Site

PHOTO 2

Point Blaze Site.
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'CHAPTER 7.

MATERIALS AND METHODS

7.1 ‘Design

The design was a 24 X 3 x 3 factorial with two
replications, testing for interactions between sixteen
fertiliser regimes,»three provenances and three red ea?théf
The‘ﬁhreé red earths were separated into blocks, with
the treatments within each block completely'rapdomised{v
‘There was no choice in.thiS‘design since there was not’
enough séil'to puﬁ the thrée‘?roﬁénances‘in differént pots
under the same treatment. »The‘designfwas-similar to past
-experiments carried out by C.S.I.R.O. Division of Forest
Research, eXcept that different érévenances have not

previously been included in the design.

7.2 Germination and Maintenance’

Seed’of'the three’provenances was sown into three

‘separate seed germination traYé, ‘Thése éontained a base
‘df graVel}‘with‘tenvcentiméﬁfé§ of.¢oé£$e'ééha o&er this.
The seéd was plaéed on this sand;:préssed in iightly,
covered with a two millimetre covering of perlite; ahd the
_trays were kept in a high shade shadehouse with 70% Sirlon
cloth. The seedlingsvstarted>emetging»after six days,

and when the hypocotyl was approximately two centimetres

long, were pricked out into pots. Six seedlings were
pricked out per pot in a circle with two replicates of each

provenance opposite each other.
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All three soils were watered daily with de-ionised
water to 15% moisture content for two weeks until the water
retention apparatus was set up, and then the soils were.

watered to field capacity, using a different codnterweight

for eachvsdil.

Thevpots were removed from the shadehouse two. weeks
after fertilisation, to a bench with 50% shade cover. For
the last month this shade was removed to maximise response
to fertilisers.“ The pots were‘moﬁedlaround within soil

types since the outer pots tended to be hotter.

7.3 LQcation and Duration

‘The pot trial was conducted at the C.S.I.R.O. Division
of Forest Research base in Darwin over a fifteen week

‘period.

7;4 "Treatmentsv

7.4.1 Soils
Three red earths wére.collected from two sites in
the Northern Territory, these being the Point Blaze site

and the Three Ways site.  The Point Blaze area is an

untried.site for  P. caribaea.. - The red earth is a sandy

.clay loam. The forest type is tall open.fdrésﬁ with - . . . . \V‘E
Bucalyptus tetradonta and E. minitata as the dominant species.

Soil was obtained from the 0 to 10 cm and 10 to 25 cm layers.

In contrast to the Point Blaze site, the Three Ways site had



a P. caribaea International Provenance trial:and a local"

P. caribaea nutrition trial one hundred metres from the
collection site. The red earth here was a sandy clay loam.
‘The vegetatibn here is similar to the Point Blaze site~wi£h
E.ne&mhihzalso present. The red earth was obtained from

the 0 to 10 cm layer..

The three red earths were then sieved with An.0,65vcm_
‘siéVe;‘sﬁhfdried; homogéﬁised and 3200 grams of this soil

‘placed into 19 cm pots.

7.4.2 Fertilisers
The sixteen fertiliser regimes used are shown below
(N = nitrogen, P = phosphorus, S = sulphur, T = trace element
mixture).
T PSS NPT
NP PT NST

NS ST = PST
NT NPS  NPST

:U)"UZO

Thus each fertiliser was applied to eight'of the

fertiliser regimes and not to the other eight regimes.

. The fertilisers were applied when -the seedlings were
twelve to fourteen days old in the forms and weights (grams

per pot) shown below:
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N as NH4NO3 : 1.074 g/pot

P as NaH2P04.2H20 1.074 ™ ¢

S as CaSO4.2H20 0.716 "

T as MgC12.6H?0 0.08g -» ¢
FeChé&laté 0.003 = *©
ZnCl, 0.022 " n®
MnC12.4H20 0.045 "
CuC12.2H20 0.022 " v
Na B0 0.003 " ¢
Na Méo 2H,,0 0.003 " "

Potassium was applied, as KHC03, as a basal fertiliser to

all pots,lwith 0. 358 grams per pot. Phosphorus was the

‘1f1rst fertlllser to be applied, followed by sulphur, nltrogen__

and trace elements daily after phosphorus. All fertilisers

were applled in liquid form except for sulphur, ‘since CaSO4.
: 2H20'has*a low solubility in water. It was thus applied in =
powder form. Enough solution was prepared to do all three
soils at the same time to ensure that the solution was
uniform. All the solutions were applied evenly around the

pot and watered in with de-ionised water.

Nitrogen appllcatlon was split into three appllcatlons

with 20% of the weight applled when fertlllsatlon commenced,

40% six weeks later and the remalnlng‘40% two weeks after
this;

7.4.3 Provenances . .

The three provenances used in this experiment were:
511383 Mount Pine Ridge
provenance grown at Whitfield Creek, Queensland.

S11687 Mount Pine Ridge
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British Honduras.
S11710 Alamicamba, Nicaragua

7.4.4 Mycorrhizae

All 96 pots in the main trial received mycorrhizal

inoculation one month after fertilisation with Suillus |

- aff granulatus and Rhizopogon roseolus fruiting bodies. These
fruiting bodies were mashed together, added to water and 50
ml applied to each pot. Twelve pots not included in the
ﬁéihvﬁriél did.ﬁof‘feééiQé ﬁycofﬁﬁiéél inoculéﬁioﬁé_and -
included four pots for each soil, two replicates havingvno
fertiiiéér, and two with NPST'féftiliséf; These pots'eré

‘initiélly kept separate from the main trial, but‘wére‘later‘
included to ensure uniformity of conditions. These twelve
pots were included so thét any analysis of variance could
be conducted using the same treatments with and without

mycorrhizae, to assess the importance of mycorrhizae.

7.5 Measurements

Measurements were taken of the three provenances on
the three soils at the time 6f_féf£iiisatibn when the seedlings
wére twelve to fourteen days old. The measurement of root
and shoot variableS'wasicondUCted'since'morphOIOgicél
'differenCeé between the provenances at fertilisatiOn'céuld‘
~influence this trial. Measurements were carried out one, two

and three months after fertilisation for each seedling in the



trial. Measurements included height (fromvthe cotyledons

to needle-tips) and number of branches.

7.6 Harvest Procedure

Three months after fertilisation the three provenances
in each pot were marked differently with tape to avoid
mistakes. After washing the roots with tapwater and
photographing, the two replicates of each provenance in each
pot were bulked, then separated into shoots and.roots, and

. placed inﬂpapef‘bags ready for drying.

7.7 . Field Study

‘Twelve auger holes to 120 centimetres depth were dug
over the ten kilometre width of the Point Blaze site. Two
auger holes were dug on thé,Three Ways site. The International

Provenance trial and a local nutrition trial at Three Ways

- were also studied.

7.8  Chemical Analysis

Plant material was dried at 850C, ground, and put
intb paper bags ready fof chemicél'anéiysis. Nitrogen and
phosphorus were measured by,the method of Williams and
'TWihé K1967). A'Nitrbgénvand ph6éphdrﬁS-déterminatibhs were
made on the'foliagé; stems and roots of the Poiht‘ﬁlaZe 0 to
10 cm and Three Ways 0 to 10 cm red earth using 0.3 gram of plant

material. Cations were measured by the method of Lambert
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.. {1976)., . using dry ashing before digestion with 7 ml of =~~~ ' "' '~

3N HCI.

Soil nitrogen and phosphorus were determined by the
same method as foliar nitrogen and phosphorus, except that
one gram of soil was used. Total soil cations were
determined by the method of Piper (1950). Exchangeable
cations (calcium, magnesium, potassium and sodium)were;
determined by fhe leaching method using ammonium acetate
(pH 7.0). Organic matter was determined by the method of
-Walkley-Blaék'(Hesse;’1971); pH was determined:by’Shaking
six gramS‘of'soil ih thirty millilitres of water for halfvan
‘hour, standing for half an hour and then measuring with-a
PH meter. Particle size analysis was by a modified method
of Loveday (1974). Phosphorus adsorption capacity was
determined by the Coleman, Thorup and Jackson (1960) method
which was adapted for Northern Territory conditions. Water

retention was determined using pressure plate apparatus.

7.9 Statistical Analysis
Anéiyéis of Vafiéﬁbéuwaé'céffi§d bﬁ£ éﬁ £wo édméutéré
using the programme GENSTAT at C.S.I.R.O., and ANOVA, a
subprogramme of SSPSv(Statistical'Packagé for the Social
Sciences). GENSTAT enabled both the analysis of variance and
méans to be calculated.  GENSTAT was used £Q analyse the
Darwin dry weight'data. ANOVA was used to conduct an

analysis of variance on the Darwin mycorrhizal data.
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SPSS'subprogramme‘REGRESSION was used for Qorrelation 
analysis. This analysis was performed on the Darwin dry
weight data over all soils, on the nitrogen—phosphorus

chemical data and on the phosphorus/cation data.
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CHAPTER 8.

RESULTS AND DISCUSSION

8.1. Provenance Effect
8.1.1 Growth

- An analysis of variance was conducted on the growth
data obtained three months after fertilisation (except for

height which was at two and three months after fertilisation).

There was a significant (0.001 probability level) ' '%
difference between provenances in terms of total dry weight |
(table 8.1). The Queensland provenance had the largest
total dry weight over the sixteen fertiliser treatments
(0.63 g/seedling), and‘the‘Alamicémban pfévénance had the
least (0.45g) (table 8.2). However, the Queensland

provenance (0.50 g) was only marginally superior to the
M.P.R. provenance (0.47 g) on the PBlO—25 cm soil. This
was probably due to the fact that a deficiency (or
deficiencies) was limiting groch on this so0il, and thus
-the.differehCes between the provenances were smaller than -
on the other two- soils (figures 8.1, 8.2 and 8.3). Also,
the Queensland provenance responded less, in terms of total
dry weight, to mycorrhizal inoculation on the PB10-25 cm
soil than the M.P.R. provenance for the nil and.NPST

fertiliser treatments (figures 8.13 and 8.14).
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TABLE 8,2

Effect of provenances and soils (averaged over sixteen

fertiliser regimes) on total dry weight (g/seedling)

Prov.
Soil QU M.P.R. ALA MEAN
PBO-10 0.78. - 0.67 0.56 0.67
PB10-25 0.50 0.47 0.40 0.46
3 0.62 0.46  0.38 |’ 0.49
MEAN 0.63 0.53 0.45 0.54

TABLE 8.3

Relative total dry weight>as a function of provenance |

only (over all fertilisers) (%). (Alamicamban provenance ' |

= 100%)
S . Prov . . QU . M P R ) L ALA .....
: Soil ST ERRe
PBO-10 139 - 120 100 .
PB10-25 125 118 100

3w I 163 121 100
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This could possibly have been occurring with the other

fertiliser regimes.

Thererappéared to be little difference.in terms of
relativerresponse‘df the M.P.R. and Alamicamban provenances
on the three soils, since the M.P.R. provenance produced 7
20%, 18% and 21% more'totaldry_weight than the Alamicamban
provenancevonvthe PBO-10 cm, PB10-25 cm and Three Ways soils
respectively (table 8.3). However, the Queensland provenance
produced 39%, 25% and 63% more total dry weighﬁ than thev
Alamicahbanvprovenance on the same three soils. This
indicated that thé response of the Queensland provenance to
rféftiiiséfs Waévinfluénced.mbfe,by soil.facﬁoré thén £hat
" of the M.P.R. provenance. Since both are derived from the
Mount Pine Ridge area, either the original selection 6f
seed trees or naturél and artificial selection under Queensland
conditions was influencing this result. The large response
- of the Queensland provenance relative to the M.P.R.

-provenance on the Three>Ways soil exemplifies this fact.

The difference between the provenances were smaller
on the two Point Blaze soils than on the Three Ways sbil
(téble 8.3). This indicated that the Queensland and‘M.P.R.

- provenances- responded better on the7sandier Three-Ways soil
and.thétrthe Alamiéamban provenance respondéd bettér on the-

two Point Blaze soils.
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The threé provenances responded differently}to
phosphorus in terms of total dry weight (figures 8.1, 8.2,
and 8.3). Without phosphorus, there was little differénce
between the érovenances. The Queensland provenance remaiﬁéd
dominant due to a larger content of nutrients.in the seed.
However, with phosphorus application, there were.larger
differences between the provenances. This occurred to the
greatest degree‘onithe PBO-10 cm soil,‘ana least on the

PB10-25 soil.

" The optimum fertiliser regime and degreérof response
(over the control) varied fqrveach provenancenon the three
sdils; There were no clear trends for each provenance
(tabié 8;4§;4 JThé'mihimﬁm'ihérééée;in'ﬁdtéi afy Qéigﬁﬁ,éf
the optimum treatment over the control was 90%. This
emphasises the advantages of using fertilisers with
P. caribaea. Since no suiphur reééonsé has been obtained in
‘the field'on'fed éarths; fhe bptiﬁum'féftiliser to use to
cover all provenances would be PNT.  The use of super-
phosphate as a source of»phosphorus‘would‘also.cover any.
sulphur deficiencies that mightVOCCur. Trace elements
shouid be inéluded since they have hélped:boost total dry

weight in seven out of nine cases (table 8.4).

The provenance effect was more significant for

needle-tip height two months after fertilisation than




FIGURE 8.1

EFFECT OF FERTILISERS ON THE TOTAL DRY WEIGHT OF THREE
PROVENANCES ON THE PBO-10 cm SOIL

FIGURE 8.2

EFFECT OF FERTILISERS ON THE TOTAL DRY WEIGHT OF THREE
PROVENANCES ON THE PB010-25 cm SOIL

- FIGURE 8.3

EFFECT OF FERTILISERS ON TOTAL.DRY WEIGHT OF THREE
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TABLE 8.4

Percentage increase in total weight for the optimum

fertiliser regime (control = 100%)

Soil and Optimum' P?igig;:ge
Provenance Regime over Control
PBO-10 - R BN , [
QU PNS : 291
~ M.P.R. - . PNT 235
ALA ' ' PT ' 355
3w
QU PNS 327
M.P.R. =  PNST ‘ 159
ALA - PT 150
PB10-25
QU | pr | 90
"M.P.R. . .. . PNST - - - .. . 2193 . ... o
ALA PNST | ) 168
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'needle ~tip helght three months after fertilisation (table
8.1). This indicated that the difference between provenances
was decreasing with time. Curlin (1967) considered
differences in root proliferation could be a'genetic factor
influencing mineral uptake during the juvenile period.

This could bé so in this trial since there were differences
between the provenances in development of the root system

at the time of fertilisation (photo 3). Curlin considered

if this was so, varietal differences might disappear sevéfal»

years.affer'establishment.

There was a significant difference between provenances
(0.001 level) in terms of root dry weight (table 8.1).
' However, this was'nOt'as.Significant'as'for'foliage,'Stem'
and totél dry weight. The percentage increase in root dry-
weigﬁﬁ of the Queensland and M.P.R. provenances relative to
the Alamicamban provenance  (averaged over all fertiliser
régimes).was less in every case than for total dry weight

(tables 8.3 and 8.5). The QueenSland‘provenahce, with

the largest total dry weightyéi§o had'the latgést shoot/root
‘ratio (avéraged over all fertilisef treatﬁénts and soils),
and the Alamicamban provenance, with the_smallest‘total dry
weight, had the smallest shoot/root ratio-(tables 8.2 and
8.6). This tended to reduce the difference between - - - -

provenances in terms of root dry weight.

The Queensland provenance had the largest shoot/root
ratio on the two Point Blaze soils, but not on the sandier

Three Ways soil (table 8.6). Indeed, the shoot/root ratio




PHOTO 3

Root and shoot development of three provenances at time

of fertilisater application.




TABLE 8.5 -

Root dry weight (g/seedling) (averaged ovef sixteen

fertiliser regimés) and relative root dry weight as a

function of provenance only (included in brackets,

AlamicambanvproVenance =.100%)
Prov. .

Soii Qv M.P.R. ALA
B0-10 o202 | o0mie) | 0.17000)
PB10-25 0.15(115) £0.15(115) 0.13(100)
3w 0:18(159):»»’..of;ﬁ(;os). 0.12(100)




TABLE 8.6

Effect of provenances and soils (averaged over sixteen

fertiliser regimes)on the shoot/root ratio.

Prov. - B
, QU M.P.R. ALA MEAN
Soil
PBO-10 2.8 2.5 2.5 2.6
PB10-25 2.5 2.3 2.l 2.3
3w 2.5 2.6 2.5 2.5
MEAN 2.6 2.5 2.4 2.5
TABLE 8.7

Effect of provenances and soils (averaged over sixteen

fertiliser regimes) on the foliage/total dry weight ratio.

Sé;iprov. QU M.P{R."“:ALA :7 " MEAN
PBO-10 0.52 0.50 0.51 0.51
Pﬁlb-25.~ 0.50 0.49 | 0.47 0.49
W 0.50 0.51 0.49 0.50
MEAN 0.51 0.50 0.49 0.50
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was similar for all provenances on the Three Ways soil
(2.5 - 2.6). The shoot/root ratio was not sighificantly'_

correlated with total dry weight (r 0.11, Appendix l).

As noted in section 8.3.3 nitrogen was the'mostvimportant‘

influence on this ratio.

~ The provenance effect was only significant at the
0. 05 level for the follage/total dry welght ratio (table
8.1).' This ratio was influenced more by nutrition than
- provenance effeets sinceethe‘fertiliser‘effect was-signifieant o
at the 0.601 level (tabie 8;1); The Queensland provenence
. had. the largest ratio(averaged over: all soils and fertiliser.
treatments) (0. 51) and the Alamlcamban provenance had the

smallest'ratlo (0.49) (table 8.7).

8.1.2 Concentration and Uptake of Phosphorus, Nitrogen

and Cations

An analysis of variance was not conducted on this
data since there wasno replication of data. Oniy the

 PBO-10cm and Three Ways SOllS were’exemiﬂea; ..............
The Queensland provenance had the greatest total

- phosphorus uptake (foliage, stems and roots) on both soils

(table 8.8). However, the differences between provenances
in terms of shoot (foliage and stem) phosphorus concentration

were much smaller, ranging from 0.095% to 0.104% for the
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TABLE 8.8

Phosphorus and nitrogen chemical analysis (averaged over

all fertiliser regimes).

Soil Shoot P Shoot N Total P
and ‘Concentration | Concentration Uptake
Provenance (%) (%) (mg/seedling)
3w
QU 0.095 2.3 - 0.61
M.P.R. 0.103 ‘ 2.4 0.49
ALA- 0.100 - 2.1 . . - 0.45 . . . .
 MEAN 0.100 2.3 0.52
PBO-10
QU 0.101 . 0.86
M.P.R. 0.104 . 0.75
ALA 0.100 . 0.62
MEAN 0.102 2.2 0.74
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three provenances on the two soils (averaged over all
ferﬁiliser treatments) (table 8.8). 'The'Queensland'
prpvenaﬁce was obviously utilising the larger amounts of
phosphorus taken up. The M.P.R. provenance appeared to be
slightly less efficient in phosphorus utilisation, since
this provenénce had ‘a slightly higher phosphorus concéntration
than the opher‘provéﬁanCes on both soils (table 8.8).

The Queensland provenance was substantiélly superior in
terms of total dry weight, over the other provenancés én

the Three Ways soil {(table 8.3). . This proveﬁance appeared
to be utilising the phosphorus efficiently on‘this'soil
~since- the phosphorusrconcentration was considerably lower

- than the other two provenances (table 8.8).

The shoot nitrogen concentration raﬁged from 2.1%
to 2.4% for the three provenances on the two soils (averaged
over. all fertiliservtreatments),(table 8.8). This was due
to the high nitrégen application and'probably also to soil
nitrogen mineralisation. The M.P.R. provenancé had the
-f highest nitrogen concentration-onfboth soi;s, . This could
possibly be due to the lower;efficiency-éf phosphorus

~utilisation.

Cation concentration and uptake were also measured
for the three provenances on the PBO-10 cm and Three Ways
soils, but for the "plus phosphorus" treatments only, since
inadequate foliagé material was available for the "minus

phosphorus" treatments.
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The Qﬁe’ehSl’aﬁd’ provenance’ had ' the 'largest uptake - o
of cations and the Alamicamban provenance the least on both
soils (table 8.9). This was the same trend as fdr total.
dry weight on both soils (table 8.2). In contrast td

cation uptake, there was little difference between the
provenances in térms'of cation concentration on both soiis
(table 8.9). ‘It was”possiblebthat the provenances were
‘taking up cations at a proportional rate to total dry weight
production, since the concentratiqn of cétiohs was similar

for all provenances, which had different dry.wgights.

8.2 Soil Effect.

- 8.2.1 Growth

' Due to the design of this experiment, the significance

of‘the soil effect could not be calculated by analysis of
variénce; However, the difference between the soiis was
obvious in this trial.  The seedlings oh the PBO?lO cm

. soil had the largest total dry weight (0.67 g/seedling) and
the PB10-25 cm soil had the smallest'totai dry Weigﬁt (0.46"
g) (averaged over all ?rovenahcéélandAféxtilisers) (table
8.2).  The seedlings on the PBO-10 soil were_thé most
responsive to fertiliser since this soil had larger quantities
of phosphorus, nitrogen and cations, and cohsequenﬁly did
not become as deficient’in these'nutrients as the Three
Ways and PB10~25 cm soils. - Texture could have been
influencing the results, since as noted previously, the

three provenances responded differently, in terms of total
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TABLE 8.9

Cation uptake (mg/2 seedlings) and concentration (in

brackets; Ca,'Mg, K =

%; 2Zn,

all phosphdrus treatments.

Mn = p.p.m) averaged over

Soil and

Provenance C% Mg K Zn Mn
3w _
QU .9(0.33)| 1.7(0.20)| 10.5(1.2) | 0.04(43)| 0.25(282)
M.P.R .8(0.29)] 1.3(0.21)| 7.9(1.3){ 0.03(45)| 0.17(271)
ALA :7(0.32) | 1.1(0.21)| " 6.2(1:2) | 0.02(40) | 0.13(265)
MEAN +1(0.31)| 1.4(0.21)| 8.2(1.2)| 0.03(21)| 0.51(417)
PBO-10
QU .700.39)| 2.700.23)| 19.2(1.6)| 0.03¢21)| 0.51(417)
- M.P.R 4.2(0.42)| 2.2(0.24)| 16.5(1.7)| 0.02(22)| 0.46(470)
ALA 3.8(0.42)] 2.2(0.23)| 14.3(1.6)| 0.02(22)| 0.41(454)
MEAN .2(0.41) 2.4(0.23)] 16.7(1.6)| 0.02(22){ 0.46(447)
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dry weight, on the three soils. Phosphorus fixation also

was probebly having an important influence on this trial.

The phosphorus sorption was highest on the Three ways soil
and least on the PBO~-10 cm soil (figure 8.4); The seme

trend occurred for total iron concentration (table 6.3).

Thus, iron was probably fixing some of the applied phosphorus,
and this reduced the amount of phosphorus. available to the

seedlings.

Stransky and Wllson (1967) have reported that the

.shcot/root ratlos of Pinus echinata and P. taeda increased -
'w1th 1ncrea51ng clay content of the soil. ThlS dld not
appear to. be the eese.in.ﬁhie‘tfial 4siﬁcevthe PB10-25 cm
' soil, with a high'(36>)’elay'cbhteht "had a lower shoot/
root ratio over all provenances and fertiliers (2.3) than

the Three Ways soil (2.5)'with.a 22% clay content (table

(Tables 8,7 and 8.10).

8.2.2 Concentration and Uptake of Phosphorus, Nitrogen

..... andCations

- Seedlings on the PBO-10 cm soil had lerger‘amountS\‘
of phosphorus (total uptake) than seedlings on the Three
Ways soil (teble 8.8). There appeared to be little difference

between the two soils in terms of shoot phosphorus
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FIGURE 8.4
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TABLE 8.10

Effect of provenances and soils (averaged over sixteen

fertiliser regimes) on the stem/foliage dry weightvratio_- 

Soil »ALA MEAN
PBO-10 0.41 0.40 0.40 0.40
PB10-25 0.42 0.40 0.42 0.41
3w 0.44 0.41 0.44 0.43
MEAN 0.42 0.40 0.42 0.41

. . . . <
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concentration (table 8.8).

There were also substantial differences between - g
the two-soiis in terms of cation uptake. The amount of |
calcium, magnesium,vpotassium and manganese were all
considerably higher in the seedlings on the PBO-10 cm
soil (tabie 8;9). However, zinc uptake was less on the
PBO-10 ém soil'(0.02'mg/two seedlings) compared to the
Three Ways soil (0.03mg). The total zinc levels in the two |
soilsvwerévsimilar, béing,lO_p.p.m. on the Thrée.Ways.éoil
and 9 p{p;m; on the PBO-10 cm soil‘(table'6;3).' A soil

~ factor was probably limiting zinc uptake, éince the total

dry weight production was greater on the PBO-10 cm soil
tration of the cations (except zinc) were all higher in the
seedlings on the PBO-10 cm soil than the Three Ways soil

(table 8.9).

8.3. Fertiliser Effect

"~ 8.3.1 Morphological Differences Between the Three’

Provenances at Time of Fertilisation

Geary and de Barros (1973), using progeny of sixteen

| .Be_liz_e_ select phenotypes of P. caribaea in a Puerto Rico
nursery, noted that factors of seed enVironment‘influenced,
germination vigour, and that this produced size differences
between progeny. It was thus important to study the

differences in size between progenances at the time
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of fertilisation, since these differences could influence

initial uptake and utilisation of the fertilisers applied.

Measurements of root length, number of laterals and
shoot development were taken, but the variability among
‘the six replicates was very high and thus the results were
not used. However,'ﬁhe'pattern that emerged on the three
:soils forvthe threevprovenances is shown in photo 3. The
Queensland provenance had the largesfrshoot system, more.
laterals and a‘larger.taproot than.the.ﬁwo other provenanCesl'.*
The M.P.R. provenance had a slightly larger shoot system,
vmore laterals, and a sllghtly longer taproot than the
Alamlcamban provenance ' ThlS effect was probably due
.to the Queensland provenance hav1ng the largest quantltles'
of nutrients in the seed, with the Alamicamban provenance
having the least (table 6.2). It was thus apparent that
the‘Queensland provenance had an early‘advantage ln uptake

" and utilisation of nutrients.

- 8.3.2  Response to Fertilisers Over. Time .

The height response to fertillsers_over time was
only considered on the PBO-10 and Three Ways soils. The
flgures only 1ncluded'“m1nus phosphorus" and “plus phosphorus"
treatments (averaged over all fertiliser treatments) lnedA

results for nltrogen, sulphur and trace element were

similarly treated (figures 8.5 and 8.6). Thus, these data




FIGURE 8.5

EFFECT OF PLUS AND MINUS APPLICATION OF FOUR
FERTILISERS ON THREE PROVENANCES ON THE THREE WAYS SOIL

" FIGURE 8.6
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included both main effects and interactions.

(i) Initial Response

The initial response was considered to be the
difference between the "minus fertiliser" and "plus

fertiliser" treatments one month after fertilisation.

Oniy the most obvious trends were considered; The
Queensland provenance responded positively to phosphorus
on both soils, Whereas.the M.P.R.. provehance did~not-
respond on either of the soils. The Alamicamban provenahce
responded to phosphorus on‘the PBO-10 cm soil but not at
all‘on‘the Three Ways soil. The Queensland provenance
responded positively to nitrogen and sulphur on both soils,
whereas the Alamicamban provenance responded negatively

to sulphur on both soils (figures 8.5 and 8.6).

(ii) Response Two to Three Months after Fertilisation

It was apparent that the laréest response was to
phosphorus on both 30113 (flgures 8. 5 and 8.6). The
provenances were slowxng down in helght growth possmbly due
to removal of the shade cover two months after fertilisation.
.'Nitrogen,toxicity,did,not,appearyto_beuslowing_down the
height_growth, since rfeferring to figure 8.6, the Queensland_\
and M.P.R. provenances were not affected by nitrogen

application, yet the height growth was decreasing relative
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. to the one to two month period after fertilisation.. 'Tt' ' ' = ' ' °
was possible that nitrogen application was causing a

reduction in height growth on the Three Ways soil.

8.3.3 Growth Response Three Months After Fertilisation

- An analysis of yariance was conducted over the three
soils, sixteen fertiliser regimes and three provenanceé;
With the fertiliser regimés pooled, there Werevsignificant
differences (0.001 level) between fertiliser treatments
‘for.all ?ariables (table 8.1). An analysis of variance, usiﬁg
ut§tal‘dry-weight'as-the variable, WaS éléd édndﬁéted.té fiﬁd
the moét significant feftiliser treatment. P was thevmost
‘significant treatment (0.001 level). T, N x S, S/
PxT, T xS, PxNx 8y vi Tx S, Px 88 and P x T x 8-

were also significant (table 8.11).

The mean total dry weight of the "minus phosphorus"”
‘treatments averaged over allfsoilé and proﬁenances was
0.32 g/seedling, whereas the "plus phosphorﬁs“ treatments
had a mean total dry weight of 0.76 g/seedling, a 138%
‘inéreaéé iﬁ fétai diy'weighf;   Ah5ﬁ;:(l§70;‘l972)?.. o
Plaﬁteborze et al. (1971), Bevege (1973) and Bevege and
Simpson (1973) have all'nbted the importance of phosphorus

for P. caribaea.

There was little response to nitrogen in this trial.
The mean total dry weight of the "minus nitrogen" treatments
averaged over all soils and provenances was 0.53 g/seédling,

and for the "plus nitrogen" treatments 0.56 g/seedling.
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TABLE 8.11

Analysis of variance over 3 soils, 16 fertiliser regimes
and 3 provenances 3 months after fertilisation with total

-.dry weight as the variate (VR =

SOURCE

SO STRATUM

SULL

TOTAL

S0

+POT STRATUM
N

4

T

S

SOIL.N
SO1L,.P

N.P

SOIL,T

N.T

CPlT

SuiL.s
N.S

P.S

TeS
SUILGN,.P
SUILGN, T

© SOLlL.P.T

NPT
SOLL.N.S
S01L.P.S

TNLPLSS

TU

SU

SUOILLT.S
NeT.S
P.T.S
SULL.N.P, &
SUILN.P,S
SULLLN, L.
S0IL.P.I.S
NoeBoT.S
RESIDUAL
TAL

«POTJTREE SIRATU#M

PROV
SOIL.PROV
PROUV &
PROV,.P
PROV,T
PROV,S
SOIL.PRUV,N
SULL.PRUV,P-
PROV N,
SUIL.PRUV, T
PROV,.N, I
PROV,P,.T
SULIL.PRUYV.S

- PRUVLN.S
"PRUV,.P,S

PRUV.T.S
SULLPROV. N, P

SUTLPRUV, i,

SOIL.PRUV,P.T -

PRUV,,N.P,.T
SOIL.PRUV.N,S
SUIL.PRUV,P.S
PROV.N,P.S
SUIL.PRUV,T.S
PRUV N,T.S
PROV,P.T,.S
RESIDUAL

"TOTAL

GRAND TUTAL

GRAND MEAN

'TOTAL

UF VARITIATION

NUMBER UF UBSERVATIUNS

DF

RN R R e N e R D e KA R b e ea R e e N e A R e b e

50

"
w

—
-
ac

192

2817

NNSKNDENLS DA SBRKNNNBBRNNBNEENNNNS K

88

2.65924
2.65924

0,08100

13.,61115
0437483
0.22167
0.03031
2,03120
0,04728
0,20592
U.00398

0.25980"

0,06588
0434653
Velbhld
Ge21615
0.046613
0,23368
0.12751
0.0166%
0.,02177

6,02736

T 0,19479
0. 10717
U.17850
(1415820
Ga21681
6.01434
0.19893
000310
0,03445
1.92339

21.16582

©1.70538
0.23013
0,02601
0426432
0.,03320

0.39854

0.09883

U.16974 "

0.00872
0.04904
D.,03604
0,00145
0.09285
0.06381
0.15842
0.04076
0.0797%
0.021106

0.02682

v.U7576
0.02679
0,039006
0.05854
0.17066
0.16403
0,04847
2,02371
6.,73260

30.55767

0e5383

288

55%

8,70
8.70

0.27
44,54
1.23
0,73
0410
6,65
0.15
Ge07
0,01
U.85
V.22
1.13
0.55
V.71
0.15
G.76

0.42

0.05
0.07
0,09
0.64
0435
0.58
0,52
0.71
0,05
0,65
0.01
C.l1
6429
69,27

5.58
075
0,09
0.87
011
1.30
032

T 0.56°

0403
0.16
0412
6,00
0430
0.21
0,52
Oeld
0,26
0.07

0.09

Useb
0.09
0,20
0.19
V.56
0.54
0,16
B8.59
22.03

100,00

* &
*

Variance ratio).

MSs

1.32962
1.32962

0.08100
13.61115
0.37483
0,22167
0.01515
1.01563
0,04728
0.10296
0.00398
0.25980
0,03294
0434653
0.,16675
0.21615
0.02332
0.11684
0.06376
0.01665
0.01089
0,01368
0.19479
0.05359
0.178%0
0.15820
0.10840
0,00717
©.09947
0.0015%
0.03445
0.03847
0.22759

‘0485269

0.05753
0.01300
0.13216
0.01660
0,19927
0,02471
0.04243
0.00436
0.01226
0.01802
4.00073
0.02321
0.03190
0.07921
0,02038
0.01994
0.00529
0.00671
0.03/88
0.00670
0.01492
0,02927
0.04267
0.08202
0.02424
0,02223
0.03507

0.01
0.05

VR

59.799

2.106

353,832%%*

9,744%*
Se162*%*
0.394
26,402%**
1,229
2.677
0,103

6. T54%

0,856
9.008*%%
4,335%
5,619%
0,606
3.037
1,657
0.433
0,283
.0.356
5.064+%
1,393
4.640x
4,113
2,818
0,186
2,586
0.040
G.896
1.730
10,236

T38.349%%%

2.587%
0,585
5.944 44
0.747
8.962***
1,111
1.908
0,196
0.551
0.811
0,033
1,044
1.435
3.563%
0.917
0.897
U.238

1.704

0.301

0.671. .
1.316 !
1.919
3,689%
1,090

*k*%  gignif. 0.001 level
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Richards and From (1965) noted in a pot trial with
P. caribaea that soil nitrate depressed the yield of P. caribaea
in this early stage of the trial, but that there was no

growth depression after thirty weeks.

Sulphﬁr‘haa a sigﬁificant effect (0.01 level) onl.v
total dry weight (téble 8.li). The "minus sulphur" treatments
averaéédvdver all soils and provenanceé had a meanrﬁotal
dry weight of 0.51 g/seedling, whereas the plus Sulphur;v
treatments had a mean of~0.57'g/seediing. ‘Bevege-ahd- ;v
Simpsoh (1973) have also noted the importancerof'suiphur

for growth of P. caribaea provenances in an omission trial.

The trace element mixture also had a significant
effect (0.01 level) on total dry weight (table 8.11). The
"minus T" treatments averaged over éll soils and provenances
had éﬂmean of 0.50 g/seedling.And the mean for the "plus
o tréatménts was-0.57 g/seedling. Bevege'and Simpson
(1973) and Nikles (pefs. comm.) have shown that there is
“é'lérge'variation in response*of“?;qqpﬁhea"p:ovenances to

traée elements in pot and,field‘triais.respectively.

The N % S interaction was significant at the 0.001

control. Sulphur and nitrogen added together markedly




increased dry welght productlon (table 8.12). Youngberg
and Dyrness (1965) also noted an N x S interaction in terms

of dry weight, with P. ponderosa on pumice soils.

The P x N x S interaction was significant at the
0.05 level for total dry weight (table 8.11). The S x N
interaction was .only small without phosphorus application.
When phosphorus was added, there Was a subetantial increase
in growthvof.the PNS treatment (0.92 g/seedling) over the
P (0 74g), PN (0 67g) and PS(O 72g) treatments (table 8. 12)
‘The PxNxS 1nteract10n is also shown in photos 4 and 5
.Cameron (1971) reported P x N x T interaction with Khaya
‘ém%yahwmis on a lateritic red earth ahd‘lateritic'podzelic‘
"in a glasshouse trial at Darw1n. " "He suggested the’
significant nutrient in the T component could be sﬁlphur.
Youngberg and Dyrness (1965) noted a significant P x N x S
interaction with P. ponderosa in a glasshouse trial on four
pumice soils. Klemmedson and Ferguson (1973)‘haVe also
reported this interaction on 1nfertlle sulphur ~deficient

‘granltlc 50115 w1th Bumhuztrukntahz as the test species.

The P x T interaction was significant at the 0.05
level (table 8.11). Zinc could possibly‘have been an |
- important element.in.the:T component, since‘the‘phosphorus/.
zihc"ratio had thevhighest.edrrelation with grewth_on the
PBO-10 cm soil, high P/Zn ratios have been noted on the
areas of poor growth on the local nutrition trial at Three
Ways, and also because there has been a response to zinc in

terms of needle length and needle colour in this same trial.
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TABLE 8.12

Interactions between P, S and N in terms of total

dry weight (g/seedling) (averaged over all soils and

provenances) .

=l
NO . 0.53
N1 0.49
SO
PO 0.32
Pl . 0.70

POSO POS1
NO 0.32 0.31
N1 0.31 0.34

sl

L0051 L
0.62

0 = Minus application

1 = Plus application




PHOTOS 4 AND 5

Response of the Queensland provenance of

the

NPS treatment.
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Safaya (1976) reported the P x Zn interaction with maize
in terms of shoot dry weight. Edwards (1974) has also
observed this interaction with wheat in terms of top dry

weight on a Darling Downs black earth.

The P x S inperaction was significant at the 0.05
level (table 8.11). The larger response was to phosphorus,
but the addition of sulphur resulted in a Slight increase

in total dry~weight (Tabie 8.12).

Phosphorus application influenced branch nunber,
-since the eight treatments with the largest number of
‘branches all- included phosphorus .(figure 8.7). . This could .

be related to the large influence of phosphorus on growth.

Nitrogen also had an influence on branch number, since the

nitrogen treatments were at the higher end of the "minus o

phosphorus" and "plus phosphorus" treétments in terms of
branch numbers. Knight (1973) observed an increase in the
net number of branches with increase in nitrogen supply

for P. radiata.' ' | ...’.‘l“‘ e %

Fertilisers had a significant effect (0.001 lewvel)

~on the shoot/root ratio (table 8.1).  This ratio was the

dry weight ratios. The range of shoot/root ratios for

the sixteen fertiliser regimes (averaged over all soils and
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SHOOT/ROOT RATIO

FIGURES 8.7 AND 8.8

EFFECT OF FERTILISERS (AVERAGED OVER THREE SOILS AND
THREE PROVENANCES)i ON NUMBER OF BRANCHES AND THE

SHOOT/ROOT RATIO
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provenances) was from 2.1 to 2.9 (figure 8.8). DNitrogen
appeared to have the major influence on this ratio, since
at the low ratios from 2.1 to 2.4, nitrogen was not included

in any of these treatements.

Travers {(1965) found the shoot/root ratio in a
P.zud&wa'PNK‘trial varied between 2.62 and 6.25. He noted'
that the ratio increased with_increasihg phosphorus and
nitrbgen; but that nitrogen wes,the‘more impo?tant. =

Aldrich-Blake (1932) also repbrted the shoot/root ratio
increased with 1ncreas1ng nltrogen supply The results
found by both these authors are thus in agreement w1th the

" results found for P. caribaea in this trial.

The foliage/total dry weight ratio ranged from
' 0.47 to 0.54 for the sixteeﬁ fertilisef‘regimes (averaged
over all soils and provenances) (figufe'8.9). The most
influential factor on this ratlo appeared to be the nitrogen/
“sulphur ra;;o, - The follage/total dry welght ratlo was
low for treatments with nitrogen'and‘without sulphur. The
ratio increased when nitfogen and,sul?hur were édded without
phosphorus, end increased to a maXimﬁm with the PNS treatment.
- The above-ratios'are considerably higher-than-those“- ~~~~
-observed by Steinbeck 11971) with American sycamore ;HﬂatanuS’
oceidentalis). With increasing concentration of Hoagland's
solution from 0.1 strength to triple strength, this ratio

increased from 0.26 to 0.31.




FOLIAGE/TOTAL DRY WEIGHT RATIO

STEM/FOLIAGE RATIO

FIGURES 8.9 AND 8.10
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EFFECT OF FERTILISERS (AVERAGED OVER THREE SOILS AND
THREE PROVENANCES) ON DRY WEIGHT RATIOS
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The nitrogen/sulphur ratio éppeared to be also
influencing the stem/foliage ratio (figufe 8.10), which
ranged from 0.35 to 0.53. The ratio was high when
nitrogen was applied and sulphur was not. .This indicated
that nitrogen application results in the seedlings having
more dry weight'in the stems than the foliage relative to

other fertiliser treatments.

8.3.4 Concentration and Uptake of Phosphorus, Nitrogen

"and Cations Three Months After Fertilisation

~ Shoot phoSphoruSvgondentratioh ranged from 0.040
to 0.214% for the sixteen fertiliser treatments (averaged
over the PBQ—lQ cm and Three Ways soils and all provenances)
(tab1e78.13). Application of phosphorus considerably
increased this céncentration, Application of nitrogen,
suiphur and trace elements caused a reduction in the phosphorus

concentration.

‘Nitrogen concentrations ranged from 1.4% to 3.0% for
.the same treatments as abdve'for'phosphorus'concentration
(table 8.13). Phosphorus :aéplicatiOﬁ without nitrogen
caused a :éduction in the nitrogen éoncentration comparea
to the treatments without both:nitrogen and bhdsphgrus
| éppiidation (tablé.8.13);vv Phoé?horﬁs éppiicé£ioh with
nitrogén did not result in a marked decreaserinrhitfogén

concentrations compared to nitrogen application without




CTABLE 8.13. . o

Effect of fertiliser treatments on thrée phosphorus -

nitrogen variables (averaged over two soils and three

provenances)

Fortiliser Shoot P Shoot N Total P

Regime Concentration| Concentration Uptake
g (%) (%)  (mg/seedling)

0 0.083 2.0 0.28
T 0.086 2.0 0.27
S 0.067 1.8 0.19
ST 0.064 2.1 0.19
P - 0.214 1.7 1.37
PT- 0.149 1.4 1,21
PS 0.157 1.5 0.98
PST 0.144 1.6 1.16
N 0.068 2.8 0.17
NT 0.048 2.7 0.18

NS 0.048 3.0 ©0.15
NST 0.040 2.7 0.15
PN 0.122 3.0 0.61
PNT 0.122 2.6 1.02
PNS 0.113 2.6 1.18
PNST 0.105 2.5 0.91

,,,,,,,,,,,,,,,,
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phosphorus, but did result in a marked decrease in the

N/P ratios.

vThe N/P ratios ranged from 8 to 68 (Figure 8.11).
'Application of phosphorus caused a marked reduction in the
N/P ratios to between 8 and 11. Application of nitrogen
without phosphorus resﬁlted in ratios ranging from 42 to
68. Application of phosphorus and nitrogen resulted in
ratios ranging from 21 to 24. Increas1ng the nltrogen
supply was of beneflt to‘the seedlngs in terms of total

dry welght when phosphorus was also applied (flgure 8. 11),

without nitrogen (except for the PN treatment). There did
not appear to be a nitrogen deficiency for these later

treatments since the nitrogen concentration ranged from 1.4%

to 1.7%. The PNS treatment had the optimum dry weight
'production‘(averaged over all soils and provenances) . The
_N/P ratlo for thls treatment was 23 (flgure 8 11). This

is con51derably higherithan the authors below have noted.
However, it is probable that this ratio would have been
lower if the nitrogen  application had been lower.

Nitrogen application without phosphorus‘did not
appear to affect total dry weight production relative to the

seedlings without both nitrogen and phosphorus application
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(figure 8.11). However, nitrogen application resulted in
the N/P ratios increasing substantially over the seedlings
without nitrogen and phosphorus. This will be further

considered in the Ainslie-trial.

Clarke (1971) noted an N/P ratio of 10 as optimuﬁ
for E:muﬁata,_and that 6 and 16 were the limits for an
acceptable N/P balance.' Richards (1959) found the optimum :
yield occurred at an N/P ratio of 10.4 with.Z% ?aeda'inﬁagv
pot trial. Van Goor (1953) reported theIOptimnm ratio for
Japanese,Larch (Larﬁnieptohg@s) ranged from 9.2 to 11;5. 

had seed N/P ratios of 4.8, 5.2 and 5.4 respectively (table
6.2). However, the treatments without both nitrogen and
phosphorus had N/P ratios ranging from 23 to‘33 (figure 8.11).
Thls 1ndlcated that nitrogen was more avallable in the 5011

than phosphorus.

Total phosphorus uptake (follage, stems and roots)
_ ranged from 0.15 to 1.37 mg/seedllng for the 31xteen
fertiliser regimes (averagedvover all soils and provenances)

(table 8. 13) Nitrogen and sulphur (without phosphorus)

to the control. The trace element mixture appeared to be
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having little influence on. phosphorus uptake. The
phosphorus concentrations for the control, trace element,
~sulphur ahd hitrogen treatments were respectively 0.083%,
0.086%, 0.067% and 0.068% (table 8.13). The critical
value for phoSphqrus is in the range from 0.065% to 0.070%

(Anon., 1975). Thus, sulphur and nitrogen were possibly

This was due to the face that deficiencies were corrected,

with the result that phosphorus was utilised more efficiently.

A correlation analyéis was conducted using SPSS
sub-programme REGRESSION. Nitrogen and phosphorus variables

were correlated with total dry weight for two soils and all

(foliage and stem) was most highly correlated with total dry
weight production (r = 0.92, table 8.14). Shoo£ nitrogen
uptake had a correlation coefficient with total dry weight 
‘of 0.85. However, the reason for this Qas'that'phosphoruS,
due to its substantial influence on growth, caused an

increase in nitrogen uptake. Indeed shoot phosphorus uptake
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TABLE 8.14

Correlation coefficients between plant chemical and total

dry weight variables.

PCS NCS PCR NCR UPS | UNS |TOT
PCS B IR ‘ ' - - _ ‘7 - o 1
NCS | -0.50 A - - - - -
PCR | 0.83 | -0.44 | -} - - -
NCR | -0.32 | 0.84 |-0.20 | - . - -
UPS 0.78 | -0.41 0.75 -0.22 - o -
ws | o0.2a | 0.20 0.40 | 0.32 | o0.68 - -
CtoT ] 0.52° | -o0.28 | 0.59 | -0.11 | o0.92 | 0.85 | - |

PCS = shootnphosphorus»cdncentration
NCS = shoot nitrogen concentration
PCR = root phosphorus concentration_
NCR = root'nitrogen;éoncentrétiohf-
UPS = shoot phosphorus uptake

UNS = shoot nitrogen uptake

TOT = Total dry weight
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had a correlation coefficient 0.68'with shoot nitrogen
uptake. Shoot phosphorus concentration was less correléted‘
with total dry Weight (r = 0.52), since ﬁitrogen
concentration relative to phosphorus conceniration had

an important influence on total dry weight'production

(Figure 8.11).

The distribution_of phosphorus and nitrogen between

rbthe foliage,'stemé and roots was also studied on the PBO-10
cm and Three Ways soils for phosphorus treatmenfs.oﬁiy.v
(aVeraged over all provenances). The phosphorus concentration
Wés highestvin fhéifbiiége in fourteen of sixteen cases

" (Table 8.15). The mean value for foliagé phosphorus
concentration over the eight fertiliser regimes on each soil
was 0.15%. There was no’ciear relationship between‘the
stems and rodts, but the meéh»phosphprus concehtration over

5 the‘éight.treatments was slightly higher in the stems (0.11%)

than the roots (0.10%) for béth soils.

The foliage had the greatest ﬁitfogen.concentration
for all treatments (averagéd over the three provenances)
on both soils (Table 8.15). The roots had a higher nitrogen

~ concentration than»thefstemsvinvthirteén of ‘the sixteen
cases.  The foliage, stem and root nitrogen ééncentrations o
over the eight fertiliser regimes were 2.4%, l.l%»and'l.2%

respectively on the PBO-10 cm soil and 2.6%, 1.2%
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Effect of fertilisers (averaged over three provenances)
on the phosphorus and nitrogen concentration of the

fbliage, stems and roots. : |

P CONCENTRATION (%) N CONCENTRATION (%)
Soil and Treatment Foiiage Stems Roots Foliagé Stems Roots
PBO-10 P | 0.24 0.20 0.13 2.2 0.9 1.0
- PT 0.18  0.11 0.10 1.7 . 0.6 0.9
PN | 0.13  0.08 0.09 3.0 1.6 1.6
PNT 0.12  0.10 0.09 2.9 1.4 1.5
PS 0.16  0.14 0.14 2.0 1.0 " 1.0
PST 0.16 0.10 0.09 1.9 0.6 0.8
'PNS 0,13 0.08  0.10° c2.8 0 1.37 1.7
PNST 0.11  0.06 0.08 2.6 1.1 1.4
MEAN 0.15  0.11 0.10 2.4 1.1 1.2
W P 0.200  0.20 0.11 1.9 0.7 - 0.8
o ~PT | 0.16 0.12 0.10 1.8 0.6 0.9
PN 0.15  0.10 0.06 3.7 2.7 2.1
PNT 0.13  0.08  0.09 3.2 1.6 1.7
PS 0.17  0.13  0.11 1.6 0.6 0.8
_ PST 0.16 0.11 0.11 | 1.8 0.6 0.9
PNS 0.12  0.08 0.10 3.3 1.5 1.8
PNST 0.10  0.08 0.10 3.7 1.6 1.8
MEAN A | 0.15  0.11 0.10 2.6 1.2 1.4 |
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and 1.4% respectively on the Three Ways soil. There was
a larger difference between the:foliage and the roots or
stems in terms of nitrogen concentration than phosphorus
concentration.f This was possibly due to the fact that
phosphorus was the most important nutrient for plant growtht-

and was thus rapidly utilised once it entered the foliage.

A correlation analysis was conducted on the P/Ca,
P/Mg, P/K P/Zn and P/Mn concentratlon ratios with total dry o
-welght .for the PBO 10 and Three Ways SOllS, the three
provenances and all treatments including phosphorus. This
was done using SPSS subprogramme REGRESSION. All the
‘ratiOS‘had‘negatiVe'correlation'coefficientS‘with total dry
weight except for the P/Mg ratio on the Three Ways soil
(tabie 8.16). This indicated the importance of thesev

cations for plant growth.

All the ratios wereblarger ~on the Three Ways soil
than the PBO~-10 cm 5011 except for the P/Zn ratlo (table
/8 16) The ?/Zh ratio was also most hlghly correlated with
total dry welght on the PBO-10 cm soil (-0.28) and second
most highly correlated with total dry weight on the Three
.Ways soil.(f0.25). Because of these factors.it.was.decidedr.
. to investigate the influence of fertiliser:regimes ontthis

ratio (phosphorus was included in all the regimes) on the

above two soils. On the Three Ways soil the range of
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TABLE 8.16

Phosphorus/cation concentration ratios (averaged over
three provenances and eight phosphorus fertiliser
treatments) and correlation coefficients of these ratios

with total dry weight.

..... 7. ‘ R Correlétioh" Correlation .

Ratio | 3W PBO-10 Coefficients | Coefficients
3w PBO-10

P/Ca 0.48 0.38" - 0,37 - - 0.19 - - -
P/Mg 0.73 0.65 + 0.12 - 0.06
P/K 0.13 0.09 - 0.11 - 0.04

. P/%n 36 77 - 0.25 - 0.28
P/Mn 5.8 3.7 - 0.13 - 0.14




P/Zn ratioélfor the eight phosphorus treatments (over all
provenances) was from 22 to 48, but on the PB0-10 cm soil

it was from 33 to 153 (Figure 8.12). Thé highest ratios
occurred for the P and PS treatments on both soils. 1Indeed,
the P treatment on the PBO—lO soil had the P/Zn ratio of

153. Dwivedi;'Randhawa and Bansal (1975) reported the
optimum P/Zn ratio for maize was 50. It was thus quite
probablevthat tﬁe P. caribaea seedlings tréated with phoéphOrus

only werevzinc‘deficient:dn the PBO—lO soil.

The ratio averaged 36 on the Three Ways soil and 77

on the PBO-10 cm soil (table 8.16). The larger ratio on the

?BOQIO.éoii Wéé probébly'due'td a 1ar§ér'phoéphorus
uptake and a smaller zinc uptake on this soil compared to

the Three Ways soil (Tables 8.8 and 8.9).

8.4 Interactions Between Soil, Fertiliser and Provenance

GENSTAT was used to determiné_the interactions between

- soils, fertilisers and provenahdes for growth factors only.

8.4.1 Soil x Fertiliser Interaction

With the sixteen fertilisers pooled in an analysis

of variance, the so0il x fertiliser interaction was significant

for all variables except for the shoot/root and foliage/total
dry weight ratios and number of branches (Table 8.1). With

the sixteen fertiliser regimes not pooled (total dry weight
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as the variable), the only significant interaction was

the soil x phosphorus interaction, which was'sighificant

at the 0.001 level (table 8.11). Seealings on the PBO—lOe
cm soll were most reséonsive to phosphorus, with an
increase in total dry weight over the treatments without
phosphorus of 194%, and seedlings on the PB10-25 cm soil
were'least responsive with an increase of 84% (table 8.17).
The reasonsrfer the differences in response have been
discussed in sections 8.2.1 and'8.2.2. It is of interest
.to_nbte.the'respdnseewithOut phesphorﬁs, , The‘seedlings.on
the PBO-10 cm soil were most responsive, and on the Three
 Ways soil least responsive (table 8.17).  This trend

'three soils (table 6.3). }}}}}}
The soil x fertiliser interaction_was eignificant
| at the 0.05 level for needle—tip_heighﬁ twe months after
fertilisation, whereas it was significant at the 0.001 level
for needle-tip height three months after fertilisation
e (table 8.1). - This indicated that the‘difference in response .
of the three soils to phosphofus was increasing'with time.
Indeed, the three provenances.were'alliresponding to
phosphorus (in terms of height growth) at a greater rate on
| the PBO-10 cm soil than the Three Ways soil (Figures 8.5

and.8.6).

,,,,,,,,,,,,
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TABLE 8.17

Effect of phosphorus addition on total dry weight

production (averaged over all provenances)

(g/seedling)
Soil - Po ' 'Pl ’ % Response

- PBO-10 | 0.34 | ~1l.00 | 194 . |
PB10-25 0.32 | 0.59 84
3W 0.30 0.68 127
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8.4.2 ©Soil x Provenance Interaction

The soil x provenance interaction was significant
at the 0.05 level for foliage, root and total dry weight and
needle~tip height (two months after fertilisation), and not
signficant for all other grthh variables:(Table 8.1). The
main conclusion, in terms of total dry weight,fwas that‘
the Queensland pfovenance responded best on all the'soiIS:

and the Alamicamban provenance least (Table 8.2).

Bevege and Simpson (1973) and NikleS‘(pefs. comm. )
‘have both obtained provenaﬁce'x_site interactions, in
te;ms ofvheight ihcrement, on a grey sandy clay swamp soil
and a brown clay loam ridge soil with different provenances
of P. caribaea . Bevege and Simpéon (1973) obtained their
interaction in a pot trial whereas Nikles (pefs. comm. ) ‘

obtained his interaction in the field.

8.4.3 Provenance x Fertiliser Interaction

' This interaction was significant for all variables
except for stem height (cotyledoﬁs upwards to where stem
ends), root dry weight, the stem/foliagé dry weight ratio
indicated that the three provenances exhibited differential

deficiencies and sensitivities.

The provenance X S interaction was highly significant

(0.001 level) for total dry weight (fertilisers not pooled)



S0 s1
Qu 1 0.57 0.70
M.P.R. 0.50 0.57
ALA 0.47 0.43
o o o P0 Pl $ Increase |
ou 0.38 0.89 | 134
 M.P.R. 0,34 0.72 S 112
aALA 0.24 0.65 171

TABLE 8.18
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Effect of phosphorus and sulphur addition on total dry
weight production of three provenances (averaged over all
soils) (g/seedling). |

POSO POS1 P1sO P1S1

QU - 0.35 0.40  0.78  1.01
M.P.R. 0.35 0.34 0.66  0.79

ALA - 0.26 0.23 0.68 0.62

]

Minus application

I_J
]

plus application




(table 8.11). This interaction was significant since the
Alamicamban provenance responded negatively to sulphur
addition (averaged‘over all soils), while the M.P.R. and
=Queensland provenances responded positively (table 8.18).
The negative response of the Alamicamban provenance to
sulphur is also shown, in terms Qf‘height response, in
figures 8.5 and 8.6;l, Bevege and Siﬁpson {1973) have also
shown that the Alamicamban provenance was more sulphuf
sensitive than the M.P.R. provenance on ridge and swamp
soils, usiﬁg height increment from four to six months as
an indéx.v'Thus;_it iskpossible.thét’this provenéncé is .

truly sulphur sensitive.:

The provenance x P interaction was significant at
the 0.01 levelvin terms of total dry weight (table 8.11).
The Alamicamban proVenanée wés most responsive when averaged
over all soils, since there was a.l71%‘increase in total
dry weight of the phoé?ﬁoius‘ﬁfeéﬁméﬁﬁs over the treatments
without phosphorus (table»8;18); The M.P.R. was least'
 responsive with an increase bf'liZ%;"This:prOVenance also
had higher phosphorus concentrations on.the.PBO—lO cm and
Three Ways soil (table 8.8), indicating less efficient
utilisation_quphosphorus.v Bevege-énd Simpsén (1973) have
alsq shown that the M.P.R. provenance was ﬁ&fe‘éehéitiﬁe‘.
to phosphorus application than the Alamicamban bfoQénaﬁce\

on ridge and swamp soils.

,,,,,,,,,,,,,,
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The provenance x P x S interaction was significant
at the 0.05 level for total dry weight (table 8.11). The
Queensland provenance responded to sulphur with and withouf
phosphorus. (table 8.18). The M.P.R. provenance dia not
respond to sulphur without phosphorus and‘ehe Alamicamban
provenance responded negatively to sulphur with and without

phosphorus.
.The provenance x N x T x S interaction was also
‘significant (table 8.11). All othervprovenenoeix fertiliser

interactions were not significant.

8.4.4. S0oil x Provenance X Fertiliser Interaction

This was not significaht in this trial for any of
the variables sfudied (table 8.1). 1Indeed, this interaction
- was slightly less significant in terms of needleetip height
‘threeomonths after fertilisation than two months after

fertilisation.

8.5 Mycorrhizae

8.5.1 Influence on Growth'

The pots were inoculated with Suzlhu; aff gnmuﬂatus.
‘and Rhuumogmervsaﬂus one month after fertlllsatlon, allow1§§
a perlod of two months for mycorrhlzal development It was
realised from the time of collection of the soil that the

Three Ways soil could have had mycorrhizae present since

,,,,,,,,,,,,,,,,,,
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the collection site was beside a P. caribaea International

Provenance trial and a_local nutrition trial.

An analysis of wariance, using ANOVA, showed that
the mycorrhizal effect was significant for all growth
‘variables. 'ktable 8,19). The mycorrhizae x fertiliser,
soil and provenance interactions were not significant for
height or total dry weight, but the mycorrhizae x soil

interaction was significant for the shoot/root ratio.

All‘provénéncés were responding to mycorrhizal
'inoculatiOn;'inftérms of dry Weight,‘at‘both‘levelS‘of'
nutrition, except for three cases (figures 8.13 and 8.14). .
With the PNST treatment the response to mycorrhizal
inoculation was larger than the response at the nil
fertiliser level in four ou£ of the nine cases (table 8.20).
This:was odd singe Dumbroff (1968) reported an inverse
relationship between supply of n;trogen_and ?hosphofus and
intensity of mycorrhizal dévelopment with Pinus elliottii
and Richatds‘éna'Wiisoh (lééjjvﬂdtéd tﬁié‘Saméftfénd‘wiﬁh.'
P. caribaea. Anthony (1971) did not find'an inverse
~relationship between nitrogen content and mycorrhizal growth

for P. caribaea. ,

The N/P ratio for the PNST treatment averaged over
all soils and provenances was 24 (figure 8.11). As

previously noted this ratio is high compared to ratios found
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FIGURE 8.13

EFFECT OF MYCORRHIZAL INOCULATION ON SEEDLING VARIABLES
WITHOUT FERTILISERS.

FIGURE 8.14

EFFECT OF MYCORRHIZAL INOCULATION ON THREE SEEDLING
VARIABLES WITH THE PNST TREATMENT ‘

LEGEND

QNM = Queensland non-mycorrhizal'seédlings
. .QM = Queensland mycorrhizal seedlings . . . .. .. .
'MNM = M.P.R. non—mYcorrhizai'seédlings
MM = M.P.R. mycorrhizal seedlings
iANM = Alamicamban non-mycorrhizal.seedlings
AM : = Alamicamban mydorrhizal seedlings
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FIGURE 8.13
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FIGURE 8.14
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TABLE 8.20

Percentage increase (total dry weight) of mycorrhizal

seedlings over the non-mycorrhizal seedlings

Pigi2n2§2e |- - mil Fertiliser PNST
PBO-10
QU - 2 43
- M.P.R. + 8 7
ALA + 11 10
PBO10-25
QU : . + 5 s
M.P.R. | 425 + 88
ALA R T + 14
CO3W
QU + 10 + 16
M.P.R. + 15 + 42
ALA + 35 0
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to be optimum for other pine species. It is‘fhus possible
that mycorrhizal development was occufring with the PNSTV
treatment due to unbalanced nutrition, since Hatch (1937)
suggested that nutrient imbalance favoured mycorrhizal.
development; -Hoﬁever this does not explain the'considerable
variation in res?onse of the three provenances on the

three soils to mycorrhizél inoculation with the PNST

treatment.

‘Théfe.thé n6 ciéar>tréhdsiambhg the.pfoVénéhdeévfor
response to mycorrhizal ihocplation, exceptifor'the
Queénsland'proVenanCé,:which responded least to inoculation
at-the nil level of nutrition on all three soils, possibly:
due to this provenance having a larger amount of nutrients

in the seed (table 8.20).

Co Mycorrhizal inoculation had a significant effect
‘(0.001 level) on the shoot/root ratio (table 8.19).
Inoculation increased thé ratio (figures'B.iB'and 8.14).
.Thié.wéé_éééeéiaiiy eﬁidéﬁi'én £He'?Bb;iO-ém'édii‘at‘both
levels of nutrition, except in the case of the Alamicamban
provenance with the PNST treatment. '.Inocdlation had a
~smaller influence on this ?atio on the Three Ways soil.
This could have been due to the fact tﬁatrmchrrhizae‘were
already present wheﬁ the soil was collected. Inoculation

had little influence on the shoot/root ratio of the M.P.R.

and Alamicamban provenances on the PB10-25 cm soil, but
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increased the ratio of the Queensland provenance at both
levels of,nutrition. The large influence of inoculation
on the shoot/rodt ratio on PBO-10 cm soil and the smaller -
influence on the other two soils, explained why the
mycorrhizae X soil interaction was significant for this

variable (0.01 level) (table 8.19).

Richards (1959) also noted the influence of
mycorrhizae on the shoot/root ratio with Pinus taeda.
With ldw‘phosphérﬁs'application'the ShOOt/£OOt ratio Waé '
1.54, and Qithvhigh phosphorus the ratio wéé only incféased
"to 1.58. < However, when mycorrhizae were applied the ratios

were respectively 1.63 and. 2.04.

8.5.2 Mycorrhizae Influence on Concentration and Uptake

of Nutrients

Inoculation'had a signifiéént-effecﬁion,shoot
phosphorus concentration (0.05.level); .The mYcorrhizae-
x fertiliser interaction and mycorrhizae x soil interactioné
were significant at the 0.01 level‘andvﬁhé my§or£hizae #: o
perenance.interaction was significant at the 0.05 level
. for shoot phosphorus concentration (table 8.19). ‘Inoculation
~had a significant.effect.(0_05.level).on shoot phosphorus
uptake. .However, no interactions between mycorrhizae and
fertilisers, soil and provenance were significant for this
variable. Mycorrhizae increased phosphorus uptake in most

cases (Figures 8.13 and 8.14).
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Inoculation had a significant effect,(0.0l level)
on shoof nitrogen concentration (table 8.19). Inoculation
resulted in a decrease in nitrogen concentratioﬁ with -
all provenahces at the nil fertiliser level on all three
soils (Table 8.21). However, at‘the high fertiliser level,
inoculation resulted in a decrease in shoot nitrogen
concentration in only four caseé out of ﬁine (table 8.21).
Inoculation resulted in a decrease in nitrogen concentratioh
with the Queensland and M.P.R. provenances on @he two
‘Point Blaze soils, but hoﬁ‘On the Three Ways'SOil;
-Inoculation did not result in a decrease in the nitrogen
"concentration with the Alamicamban provenance on any of

the three: soils (at high level of nutrition)..




 TABLE 8.21
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Effect of mycorrhizal inoculation on shoot nitrogen

concentration of seedlings with and without fertilisation.

Inoculated Shoot N. Shoot N
or Provenance Soil Concent?a§1on‘(%) Concentration (%)
Uninoculated No Fertilisation PNST Treatment

NM Qu " PBO-10 2.2 2.8
MYC QU ’ 1.9 1.9
NM M.P.R. 2.3 3.2
Myc  M.P.R. 1.9 2.2

NM ALA 2.4 . 2.3
MYC ALA 2.0 2.5
NM - QU - PBLO-25 1.8 2.5
MYC Qu ' 1.6 1.2

N M.P.R. 1.9 2.7
MYC M.P.R. 1.8 2.2
.NM ALA 2.2 2.7
MYC ' ALA 1.8 2.8
NM QU 3W 2.6 2.7
MYC QU 2.1 - 3.0
N M.P.R. 2.5 2.5
Myc . M.P.R. L9 3.2
NM ALA : 2.6 3.0
MYC . ALA 2.0 3.1

"NM =" seedlings not inoculated with mycorrhizae
MYC = seedlings,inoculatéd‘with mycorrhizae
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CHAPTER 9.

INTRODUCTION

. The trial was a 5 x 5 factorial with five
replications testing for the interaction between phosphorus
and nitrdgen. This trial was not considered in the same

detail as the Darwin trial.

9.1 Provenance and Site Details
The Poptun provenance from Guatemala was used in
this trial. This provenance is one of the most widely

known inland provenances of P. caribaea var. hondurensis and

'together'with'the'Mount'Pine Ridge stand, these stands are’

the most important commercial seed source of this variety

(Lamb, 1973). The Poptun provenance occurs to the south of

“the Mount Pine Ridge provenance (map 1). The Poptun

provenance grows at a similar altitude (500 metres), has a

similar rainfall (1700 mm), and a simiiar length of dry

~ season (three months), compared to the Mount Pine Ridge

provenance (400 metres, 1600 mm, and two months respectively)

" (tables 9.1 and 6.1).

The Poptun provenance grows on soils with a loam.
texture in Guatemala (tablé 9.1). The Mount Ainslie_red
earth has a sandy loam texture (table 9.2). The pH of the
Ainslie soil is slightly less acid (pH 6.2) than the soil

in the native range (pH S.O, table 9.2). This provenance
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TABLE 9.1

Site details from which the Poptun proVenance originated

Country of Origin Guatemala
Latituae o 16.5°N
Longitude - 89.5%
Altifude | ' : 500 méﬁréé
Precip. | 1709 mm.
Dry Season ‘ | 3 months
Parent Material Alluvi\;‘tm.
Soil Texture , : o Loam
Drainage ’ e  Gon“

pH> A .,‘.,  5;0
Collector of Seed : _ Timmeré and Leyer
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would probably grow better if this soil had a lower pH,
since Humphreys (1972) has noted that soils with a pH

greater than 6.0 could be unsuitable for the growth of

P. caribaea.

9.2  Sofl

This trial,.like the Darwin trial, was conducted
on a red earth. However, the Ainélie red earth had a much
higherkféttiiitYistétus in every important nutfient_measuréd‘_‘
{Table 9.2); The total phosphorus concentration was three
times thatvofvthe PBO—lQ cm soil. _However, a response to
‘phosphorus was still expected since the iron concentration
present in the soil would be fixed. Also, the total soil
phosphorus was low in thisisoil according to Humphreys"
(1972)'classification. The total nitrogen concentration
Qas‘four times that of the PBO-10 cm soil;‘ Tﬁé'totai‘cations
and exchangeable cations were both-markedly‘higher on the
,Ainslie_sbil...The organic,mattér.and moistufe.retention.
were all higher on the Ainslielsoil (Table 9.2). This soil
- fixed less phosphorus at the éame initial concentrations

of phosphorus than the three Darwin soils (Figure 8.4).
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'CHAPTER 10.

MATERIALS AND METHODS.

10.1 Design

The design was a 5 x 5 factorial with five
replications testing'for‘the interaction between phosphorus
and nitrogen. One replicate of each treatment was included

in one of five blocks.

10.2 Germination and Maintenance

~ Seeds were‘élaéed oni moist filter paper underlain
by sand in Petri,dishés, placed in the germination cabinet
at 25°C until germination occurred (7-8 days), and then
transferred to coarse sand containers. When the hypocotyls
were three cms 1ong,.the seedlings were pricked out over

- a four day period, with three seedlings per pot.

Field»capacity (1L/3 bar).was‘measured at the start
of this trial. The seedlings were ﬁétéféd‘daiiy with -
'Vfdistilled water. The pots @ere'wéighed occasionélly and
the weight adjusted precisely to field‘capacity.‘ As the
phosphorus treatments progressed they received more water

" relative to the controls.

Temperature throughout the trial was maintained at

18 to 25°C with artificial heating. Artificial lighting

was applied to the trial and the seedlings received sixtéen

hours of light per day.




10.3 Location and Duration

The trial was conducted in the glasshouses at the
Forestry Department, A.N.U. over 202 days, 167 of these

days with fertiliser.

10.4 " Treatments

10.4.1  Soil

A red earth (sandy loam texture) was collected
from near the top of Mt. Ainslie in the A.C. T. The site
, ‘consist_s_ of low, open forest with E'ucalyptus bridgesiana

domlnant ~The 0 to 10 cm layer was collected with an 0.4

cm SLeve, homogenlsed and dried, and then 1400 gms of this
air dry 8011 (equivalentto 1000 gm air dry, stone-free soil)

was put into each pot.

'10.4.2 Fertilisers

Fertilisers were appliéd to the pots 35 days after

lfprlcklng out. The levels of nltrogen ‘and phosphorus applied

are given below:

Nltrogen (mllllgrams/pot) Phosphorus (mllllgrams/pot) o

0 : : 0
20 20
40 40
80 80

Nitrogen was applied as analytical grade NH4NO3

and phosphorus as NaH2P04.2H20, both being applied in liquid
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form evenly over the pot surface. A basal application
of elements other than nitrogen or phosphorus was intended
but due to circumstances beyond the control of the author

this could not be done.

10.4.3 Provenance

 P. caribaea var. hondurensis was used. The provenance

was from Poptun in Guatemala (C.S.I.R.O. Code 811686).

10.5  Measurements

During tﬁe trial height was measured every three
to.four weeks. The height'was measured from stem base to
the top of the seedling.  On termination of the trial, branch-
number and deficiency symptoms were observed. Dry weight |

was measured at the end of the trial.

~10.6°  Harvest Procedure

The thrée seedlings pér‘pot"werelbulked and then
~divided into fcliage.,Stem and.roo£s-..Tﬁé,roots‘were
.separated from the soil with a jet of tapwatef. This
‘material was then placed in paper bags and dried for between
24 and 48 hours at 85°C. for dry weight analysis. All the
"foliage samples and some of the stem and root material was

then ground.
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10.7 Chemical Analysis

The same methods for soil and chemical analysis

were used as discussed for the Darwin trial.

10.8  Statistical Analysis

(i) ANOVA (SPSS)

ANOVA was used to analyse the main effects of
nitrogen and phosphorus and their interactions on eleven

different plant growth variables.

(ii) REGRESSION (SPSS)

Correlation cocefficients between eleven different

variables using SPSS subprogramme REGRESSION were generated.
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CHAPTER 11.

RESULTS AND DISCUSSION

11.1 Fertiliser Effect

Since there was little response to increasing
nitrogen supply in terms,of totel dry weight (figﬁre ll,Za),
only the height response to phesphorus, over time, was
ekemined.v The height of the seedlings at theAfive phosphorue

" levels (nil nitrbgen appliCatien) did not markedly'divefge
twehtyrfi#e days after phospﬁorus application (figure li.l).

This,foliowed the same pattern as the Mount Pine Ridge - - !

(figures 8.5 and 8.6}, since this provenance had not
responded to phosphorus application one month after phosphorus
applicetion, After twenty-five days, the heights of the
seedlings at five different phosphorus levels diverged, and
this pattern eontihﬁed to the>terminatien of the tfiai.

At thlS stage, it was apparent that the seedlings were

treatments, but there was only a sllght response to the P80
treatment over the P40 treatment (figure-ll;l), It was

probable that a deficiency other than phosphorus was

11.1.1 Growth 5 1/2 Months after Fertilisation

Nitrogen supply did not have a significant effect on

total dry weight (table 11.1), since the total soil nitrogen



FIGURE 11.1

INFLUENCE OF PHOSPHORUS APPLICATION (NIL NITROGEN

APPLICATION) ON HEIGHT GROWTH OVER TIME
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FIGURE 11.2

RESPONSE SURFACES SHOWING THE EFFECT OF INCREASING
PHOSPHORUS AND NITROGEN ON FOUR PLANT VARIABLES.
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was adequate evsn before nitrogen application. There
appeared to be little response to nitrogen at the three
lowest levels of phosphorus spplication in terms of total
dry weight (figure ll.2a).‘} Little response was expected
since in general the N/P ratios were high (greaﬁer than 20)
at these lower lévels‘of phosphorus application (figure
11.24). Thsre was a slight fesponse to increasing nitrogen
at the two,highést levels of phosphorus applicatioﬁ

(figure'llv2a) _This'wasyprobably due to the factvthat

probability level) on total dry weight, height and branch
number (table 11.1). The response to phosphorus wasvobvious
ih terms of total dry weight (figure 11.2a). This response
‘in terms of shoot dry weight and root dry Weight is shown

ln photos 6 and 7. However with increasing phosphorus

supply, response to phosphorus 1n terms of total dry weight

was probably due to a deflclency of an element other than
phosphorus. The response to phosphorus, in'terms of height,

was not as 51gn1flcant as for total dry weight response

(table 11.1). This was due to the}fact thatrhelght”was
measured froﬁ}the stem base and nof from the cotyledons.
Height had a correlation coefficient of 0.71 with total
dry weight (table 11.2). Thus, height can be used to

estimate response to fertilisers.




PHOTOS 6 AND 7

Response of P. caribaeca seedlings to phosphorus (in terms

of shoot and root growth).
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INFLUENCE OF PHOSPHORUS SUPPLY ON TOTAL DRY WEIGHT
(AVERAGED OVERFIVE NITROGEN LEVELS) (STANDARD

DEVIATIONS INCLUDED)
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As phosphorusvsupply increased from 0 to 80
mg per pot, the mean branch number increased from 1.1
to 7.9 branches per pot (Figuré 11.4). Increasing
phosphorus supply aléo resulted in increased branch numbers
in the Darwin trial (Figure 8.7). It was noﬁed in the
Darwin trial that nitrogen had an effect on branch number
(figure 8.75. This did not appear to be the case on the
Ainslie soil (Figure 11.4).  This was due to the fact thaf‘
increasing hitrogen supply had liftle effect on nitrogen
uptake (figure li;5b). _‘However,'nitrogeﬁ could still have

" beéen influencing branch number in this trial, since

uptake could have been used in the formation of branches.

Nitrogen applicétion had a significant effect
-(0.05 1eVel) on the shoot/root ratioc on the Ainslie soil
" (table 11.1). Nitrogen also had an influence on this
‘rétio in the Darwin trial. However,'phosphorﬁs had a
‘larger‘effectvdn this ratio-in'this'trial} sinée.it was. - ..
significant at the 0,01 level (fable 11.1). The
shoot/root ratio increased from the PO to the P20 treatment

and then declined. ‘The ratio'increaséd“from NO. to N40

restricting dry weight production.




NUMBER OF BRANCHES/POT
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FIGURE 11.4

EFFECT OF INCREASING PHOSPHORUS (AVERAGED OVER FIVE
NITROGEN LEVELS) AND INCREASING NITROGEN (AVERAGED
OVER FIVEPHOSPHORUS LEVELS) ON NUMBER OF BRANCHES.
(STANDARD DEVIATIONS INCLUDED) a -
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1 FIGURE 11.5

EFFECT OF INCREASING PHOSPHORUS (AVERAGED OVER FIVE
NITROGEN LEVELS) AND INCREASING NITROGEN (AVERAGED

" OVERFIVE PHOSPHORUS LEVELS) ON PHOSPHORUS CONCENTRATION
AND NITROGEN UPTAKE. (STANDARD DEVIATIONS INCLUDED) |
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The seedlings on the Ainslie soil had a larger
range of shoot/root ratios (2.4 to 3.7) and a larger grahd' 
mean (2.9) for the twenty five fertiliser treatments than
the Darwin trial with a range'bf shoot/root ratios for the
sixﬁeen fertiliser treatments from 2.l_to 2.9 and a mean of
2;5 (averaged over three.soils and three provenances) |
(figures 11.2c and 8.8 respectively). The larger shoot/root.
ratio on the Ainslie sqil could be due to the higher nitrogen
status of.this-soil, since itihas alfeadyfbeen‘shown in'vv~
lﬁhe?Dérwihvtria1 that nitr@geh applicatibh feéulted‘invén
increase in the shoot/root ratio'(figure 8.8). Time factors
could have influenced this result since the Ainslie trial was
conducted for -an -extra 2 1/2 months (with-fertilisers). -
There was no mycorrhizal inoculation of the Ainslie soil,
and since it has been showﬁ that mycorrhizae have a
: significant influence on the shoot/root ratio (table 8.l9),v
;his only emphasises that othér factors_are important in

determining the high ratio on the Ainslie soil.

The stem/foliage and foliage/total dry weight
ratios were not significantly influenced by nitrogen or
phosphorus supply (table ll;l).. However, in the Darwin
.trial.fertilisers.had[a,significant.éffect_(OsOOl.level)_
on‘thege two ratios; This was possibiyrdue_tp‘the_fact;
that sulphur was included in the Darwin trial. This
nutrient appeared to exert a considerable influence on the

above two ratios through the nitrogen/sulphur ratio.
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11.1.2 Concentration and Uptake of Phosphorus and

Nitrogeh

Applied nitrogen did not have avsignificant effect
on phosphorus concentration, phosphorus uptake, nitrogen
concentration or nitrogen uptake (table 11.1). This was
so since nitrogen . supply did not have a significant effect
on growth (table 11.1). The lack of influence of increasing
nitrogen supply on phosphorus uptake, phosphorus
concentration and nitrogen uptake is shown in flgures ll 2b

ll 5a, b respectlvely
" Applied phosphorus had a'signifioant'effect'(O;OOl

uptake, and noveffect on nitrogen COncentration {table 11.1).
Increasing the phosphorus supply resulted in increased
phosphorus uptake (figure 11.2b). Phosphorus uptake had a
‘correlationlcoefficient of 0.91 with total dry weight (table
11.2, figure 11.6). This demonstrates the importance of

' thlS nutrient for the growth of.P capdmea The phosphorus

concentratlon (over all five nltrogen levels of application)
increased with 1ncreased phosphorus supply, but at a

decreasing rate (Fig. 11.5a). Increasing the phosphorus

Increased nitrogen supply had no influence on nitrogen uptake.
(figure ‘11.5.b). It is thus apparent that phosphorus only
was influencing nitrogen uptake} Indeed phosphorus uptake

had a correlation coefficient of 0.92 with nitrogen uptake
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(table 11.2). Phosphorus and.nitrogen supply did not

have a significant effect on nitrogen'concentration (Table

ll;l). - This indicated that the increased nitrogen uptake,

with increased phosphorus supply, had been utilised.

Anthony'(l97l) also noted with P. caribaea in a pot trial
~in Malaysia that at all levels of phosphorus application;

the nitrogen concentration of the shoot remained relatively

constant.

The N/P concentration ratio was significantly j,"_]“_'3£
influenced by nitrogen (0.05 level) and phosphorus application

(0.001 ievel)‘(tablevll,l), Increasing the supply of

phosphorus markedly reduced this ratio (figure 11. 2d) The

correlation coeff1c1ent between the N/P ratioc and total

dry weight was - 0.66 (table 11.2). With increasing
~phosphorus application the total dry weight production did
- not increase substantially,down to an N/P ratio in the

‘region of 18 (figure 11.7). This was possibly due either

‘to the fact that nitrogen was'toxic to the,seedlings or to ' E
- a decrease in: the rate of proteln synthesis due to a. . . . . .
phosphorus def1c1ency,. When more phosphorus was added, the
total dry weight production. increased at a greater rate.

The optimum N/P ratio in,this trial was approximately 10.

'HdwéVer, the ratio did not fall below 10 in thls trial,
so it is possible that if the level of phosphorus supply
had been greater than P80, this optimum ratio would have

been lower.
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11.2 Distribution of Phosphorus and Nitrogen after

Fertilisation

-

The distribution of phosphorus and nitrogen in
the plant and in the soil was determined 5 1/2 months

after fertilisation using seven.of the twenty-five treatments.

11.2.1 In the Plaht"

(1) -Uptake
Phosphorus and nltrogen concentratlon‘and uptake' o
were determined in the follage, stems and roots of seven

treatments using. three replicates, Seed~phosphorus and

nitrogen were measured and subtracted from total uptake.

The. treatments with 80 mg/pot had the highest
phosphorus amounts, with the NCP80 and N80P80 treatments
hav1ng amounts of 7.37 and 7.95 mg/pot. respectlvely (table

11.3). The treatments w1thout phosphorus appllcatlon

P, <ynnbaea seedlings were obtalnlng some phosphorus from
the soil (Table 11.3). 1In the fertilised pots the amount

of phosphorus taken up ranged from 6.3 to 11. 4 of the

only a small portlon of the applled phosphorus (Table 11. 3)
Undoubtedly, some of this applied phosphorus would have
been fixed since the soil has a high phosphorus soprtion

capacity (Figure 8.4).




,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

TABLE 11.3

Plant phosphorus uptake 5 1/2 months after fertilisation
(mean of three pots)

Amount of P Total P Uptake as a
Treatment Applied | Uptake Percentage }
(mg/pot) (mg/pot) of Applied P .
0 0 0.15 -
iNopzo:. Y o126 1 e
NOP80 80 , 7.37 9.2
N20PO 0 - 0.12 -
N20P20 20 2.28 11.4
N ﬁédev R d I 0.35 -
N8OP80 80 7.05 8.8
NOTE

()

(2)

Seed phosphorus per pot equals 0.49 mg (three

replicates).

in the foliage, stems -and roots minus- the seed

phosphorus
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The treatments with the highest phosphorus applications
had the largest nitrogen amounts. The uptake @f nitrogen
as a percentage of applied nitrégén ranged'from 31% for
the N20P6 treatment to 237% for the N20P20 treatment (tablé
11.4). The later percentage indicated that more nitfogen
was obtained from the soil nitrdgenrthan from the applied

nitrogen for that treatment.

(i.i) Concentration

The phosphorus and nitrogen concentration of thev
foliage; stems and roots was also e#amined,_qsing‘the_éamev
ihfee‘rééiiéates for the seven ffeatments. .The phosphorus
_concentration Wasuhighér'in.the‘foiiégévfhéﬁ iﬁvthé fdoﬁéa
and stems (figure 11.8). The P20 and P80 treatements
showed this trend more clearly than the treatments without
phoSphorus, where the foliage and roots had similar
phosphorus concentrationsiand_the'steﬁs slightly‘iess. This
could indicate that the phosphorus is rapidly utilised
: once it enters the.foliage’when,phosphoius,deficiency.is

present.

In the Darwin trial, phosphorus cdncentration,
averaged over all provenances, was highest in the foliage
on both the Three Ways and PBO-10cm soils (table 8.15).
This is in agreement with the Ainslie ﬁrial. However, for:
phosphorus concentration in the stems and roots there was
no cleér pattern. This is in contradiction with the

Ainslie trial, where there was a clear trend of decreasing
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TABLE 11.4

Plant nitrogen uptake 5 1/2 months after fertilisation

(mean of three pots).

- Amount of N Total N Uptake as a
Treatment Applied Uptake Percentage
(mg/pot) (mg/pot) of Applied P
o 0 | 1 25,1 -
NOPZO ' C 36.5 ‘ -
 NOP8O .:: o | se.a | Q
N20PO 20 ] 21.2 106
 N20P20 20 1 oans | 2w
N8OPO 80 24.4 3
légbﬁgolli ,,,,, gd o ,,93;i ........ lié ,,,,,,,,,,,

replicates).

(3) Total nitrogen uptake is the uptake of nitrogen in




FIGURE 11.8
:::::: ‘EFFECT 'OF ' SEVEN' NITROGEN-~PHOSPHORUS FERTILISER -REGIMES
ON NITROGEN AND PHOSPHORUS CONCENTRATION IN THE FOLIAGE,
STEMS AND ROOTS (STANDARD DEVIATIONS INCLUDED). .
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phosphorus concentration from the foliage to the root to

the stem.

Iyambo (1973) noted with P. caribaea trees in Miango
(Nigeria) that phosphorus concentration was highest in the
foliage (0.41%), followed by the roots (0.30%) and lowest
in the stems (0.28%). ThlS is in agreement with the Alnslle
trial. However, both the results from the Darwin and 77777
Alnslle trlals are in contrast to the results reported for
. Pinus ellunizz.  McGee (1963) reported that the phosphorus
concentration was higher in the roots than in the shoots for

seedlings in sand culture, and Ryan (1973) noted that the

concentratlon was least in the follage and greatest in the

stems.

In all cases, except the control, nitrogen
concentration was highest in the foliage, with no clear
relationship between the stems'and‘the roots (figure 11.8).
The three above authors also reported‘higher nitrogen
concentrations in the foliage than the stems and roots. °
Indeed, the difference between the foliage and stems or roots
in terms of concentration was greater than with phosphorus.
With the Ainslie trial there was only a slight aifference
ih'nitrogen‘oohoentration betweeh.the.foirage,-stems and
‘rootsk(fignrebll;B);‘dﬁe to thebhigh initial total nitrogen

concentration.
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11.2.2 In the Soil

The total soil phosphorus and nitrogen values were
also determined using two replicates of the top one cm
and bottom one cm of two of the three pots used to

estimate plant uptake.

The NOPO,YNZOPO and N80P0-treétmen£s had,Valués‘
less than or equal to the total spil phosphorus concentration
before fe?tilisation in both ohe cm layers (350 p.p.m.,
Table 11.5). The NOP80 and N8OP8O treatments had a

considerably higher total phosphorus concentration in the

treatments was only 380 p.p.m. (table 11.5). This suggested
that some of the applied phosphorus wasvgetting to the lower
soil depths. The higher concentration of phosphorus in

the upper one cm suggested that the seedlings were either.
taking up large quantities of phbsphorus from the lower

soil depths or that the phosphorus‘Was‘beipg fixed.at‘the

top of the pots.
In this trial the seedlings had the largest root
 density (mainly lateral roots) in the top portion of the = -
‘pot. Photo 7 shows this but not very clearly. : Williams

(1974) found that root density of potted P. caribaea

seedlings decreased with depth. Anthony and Freezaillah



TABLE 11.5

Distribution of phosphorus and nitrogen in the soil

5 1/2 months after fértilisation {mean of two pots)

P CONC. (p.p.m.) N CONC. (p.p.m.)

Treatment TOp'lcm ‘Bottom Top lcm| Bottom

: lcem . lcm

0 340 350 -3900 3400
NOP20 390 340 4000 3300
NOP80 460 380 3900 3800
N20PO 340 330 3900 3800

‘vNédéZOV:'VV '460" .{346 vvvvv 3966 | '3406 vvvvvvvvvvvv

N80OPO | : 330 :320 ' 3900 3500
N80PSO. 490 380 4000 3400
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(1969) observed that P. caribaea seedlings with fertiliser
application had fibrous root systems with laterals
cbncentrated superficially. Since the.phosphorus
concentration was highest in the top portion of the pots;'
where the seedlings had thé largest root density, this zone

was probably an important zone for phosphorus uptake.

The total nitrogen was also highest in the top
portion of the pot in all seven cases (table 11.5). It is
" apparent that the seedlings were obtaining most of their
nitrogen from the lower one cm of the pot, and only a
~small portion from the top of the pot, since the treatments
‘without nitrogen application had markedly lower nitrogen . . .
concentrations in the lower one cm than in the top one cm
(except for the NOP80 treatment with only a slightly lower

concentration).

Ndne of the pots had nitrogen concentrations
greater than 4000 p.p.m. The maximum nitrogén application
was onlyb80bmg/po£; which'waé'eQQél‘to'Sd p.p.m. in the
soil (since 1000 grams air dry stone~free soil per pot) .
This was very small compared with 4000 p.p.m.- Thus, sincé
the seedlings need considerable nitrogen for grovth, it
wqqld‘notibeiexpected ﬁhat any‘oﬁ the ppts would haye had

a total nitrogen concentration greater than 4000 p.p.m.
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Two deficiencies were observed in this trial,

one being phosphorus and the other unidentified.

11.3.1 Phosphorus Deficiency

This symptom was obvious in browning of the
cotyledons and in seﬁefe cases death of the lower needles
(phqto 8). Thevdeficiency was most severe in the PO
and P10 ﬁreatments. '~ The concentrations of phosphorus at =
thesé twovlowef levels (each phosphorus level avéraééd éver S
five nitrogen 1eVels) were 0.039% and 0.0643% (figure 11.5a).

Indeed, it has been reported that the critical phosphorus

'sites (Anon,, 1975). The three highest levels of phosphoius

application had concentrations of 0.092%, 0.096%, and

0.147%. (figure 11.5a). These levels appeared adequate ' f
for P. caribaea since phosphorus deficiency symptoms did

not appear to be occurring at these‘levels.‘ _ E

Phosphorus application resulted in the correction

of phosphorus deficiency, but resulted in an increase in

The deficiency resulted in the appareance of bright

vellow needles in the upper foliage, and in extreme cases



PHOTOS 8 AND 9

Deficiency symptoms present in the Aimslie trial.

PHOSPHORUS

UNIDENTIFIED
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over the whole foliage (photo 9). -However, the lower
foliage was usually green. This suggests the deficiency '
was caused by an immobile ntitrient. Indeed, Dykshoorn
and Van Wyk.(1967) nored that because of the low rate of
translocation'of sulphate, the upper leaves turn yellow
first. Thus-sulphur-concentrations in the seedlings

were measured..

deficiency symptoms ‘with Ptcazabzes when the sulphur
- concentration was less than,O.lB% and with Pinus sylvestris

.when the concentration was less than 0.15%. In the

Ainslie trial, the total sulphur concenktration ranged from

0.16% to 0.21% over five phosphorus levels of application
- {nil nitrogen application) (table 11.6). The total

:nltrogen/total sulphur ratio (N/S) rang@d from 7.3 to

10.2 over the same phosphorus treatments (table 11. 6)

Stewart and Porter (1969) reported a N/S ratio of greater

than 20 1ndlcated a sulphur deflclency w1th maize (Zea
mays) and beans (Phaseolus vngarzs)_. Terman, A_llen, and
Giordano (1973), also with maize, considered a ratio of

16 to 1nd1cate a proper balance. Thus, sulphur

application, were higher than Ingestad (1960/62)suggested for
sulphur deficiency, and the N/S ratios were similar with

increasing phosphorus. Thus, the deficiency was probably
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TABLE 11.6

Total sulphur and total nitrogen/sulphur ratios

with increasing phosphorus supply (two replicates)

P Applied

ed (%) Total N/Total S _i o
(mg/pot) |

Total S Ratio

0 vva 1 07 I 10.0
R - 0.16. .. 1o0.2
20 0.2 o 7.3
40 0.17 8.1 -

80 0.20 8.3




................

not due to sulphur.

Other possibilities are manganese

and molybdenum. However, the total soil manganese

concentration appeared to be adequate (818 p.p.m.,

table 9.2).
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CHAPTER ‘12,

(CONCLUSION FOR DARWIN AND AINSLIE TRIALS

The Ainslie and Darwin pot trials will be considered
‘together in this chépter. Pot trials have the advantages

over field trials shown below:
(i) allow complicated designs
(ii) less variable soil and climatic conditions

(iii)  results are obtainable in a shorter time

(Mead and Pritchett, 1971).
~Thus, pot trials are the ideal way to measure
differences in seédling response on different soils and

to different fertilisers with a short term project.

',12.1. Provenénce Effect

Variation in thé seed nutrient COnient‘and seed
weight exerfed a,considerableninfluencé[oh‘the.results
obtained in this Darwin trial, since proVeﬁance differences
in shoot and root development were evident at thé time of
fertilisation. This resulted in variaﬁions between the
prdvénancés}'in'hUtriént upﬁaké'ability:and:éfficiénCY‘of'f
utilisation of nutrients at the time of fertiliSétiOn.
However, there is little that can be done to solve this

problem.
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The Queensland provenance wés the most productive
in terms of total dry weight (averaged over all soil and
fertiliser regimes) and the Alamicamban provenance was léast
productive. This'foilowed thevsame trends as seed sizev
and nutrient content 6f the seed of the three provenances;
The Queensland and the M.P.R. provenances (both derived
from-MountrPine Ridge) had similar seed nutrient contents, -
yet the Queensland provenance.was more productive. This
points to the fact that either the original selection-of"
the Quéenéiénd‘pfévenance aﬁ-Mount Pine Ridgé; or‘thé natural .
and artificial selection under Queeﬁsland conditions,~hés
'prbducéd évprovehéﬁcé.more productiﬁe'bh red earths under

‘Northern Territory conditions.’

12.2 Soil Effect

.Foﬁr red earths were studied in these trials. As
has been discussed in the red’éarth.reviéw;:P.éapﬁmea
appéars to‘grow well>on thesé SOils; probably beéause they
are deep, well drained and havewphysiéal properties suitable
for the growth of species. All four soils appeared to be
deficient in phosphorﬁs, with lesser deficiencies of other

nutrients.

In the Darwin trial, seedlings on the PBO-10 cm
soil produced a larger dry weight than the seedlings on

the two other soils in that trial. This was probably due
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to the higher total soil concentration of phosphorus,
nitrogen and cations and the lower phosphorus adsorption

capacity of this soil.

The greater dry weight production of the seedlings
on the PBO-10 cm soil than on the PB10-25 cm scil 1is of

interest, since it indicates the importance of the topsoil

for the growth of P.canﬁmaz,'on red earths, in the field.

All four red earths had high phosphorus fixing -
capacities, with the Three Ways soil having the highest

fixing‘capacity.t Thus; it could be adv1sable to check

to find at what age the trees become deficient in phosphorus.
Ways of overcoming the prOblem would be to apply an initial
high application of phosphorus, to apply a slowly soluble
.source of phosphorus such as rock phosphete, or to apply
phosphorus regularly (it has hot been established if
.iphosphoruc fixation is a problem in the fleld at thlS stage).

12.3 Fertiliser Effect

The results obtained from both trials indicate that
" phosphorus is the moSt'impertant’ﬁutrieht'fOr the growth of
P, qnnbaazon all four soils, since it was the only nutrient

that had a significant effect at the 0.001 level on total

dry weight production in both trials. Nitrogen did not
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have a‘significaﬁt influence on total dry weight in

either trial when an analysis of variance was conducted;
However, in Ehe Darwinrtrial nitrogen did result in an
increaée in tbtal dry weight production when phosphorus;
and either sulphur or the trace element mixtﬁre,were

added. Also, Richards (1961) and Richards and From (1965)
have reported that nitrogen'application had a negative |
influence on growth in the early stages of pétrtrial, but
that the_reversé'Qccurred_at later_stages_of the trials.
‘Sulphur and trace~elements'both7had a significant influence

on total dry weight production in the Darwin trial.

'iFertiiiSer-ihtéréétidhs‘dcéﬁrféd in the Darwin

trial but not in the Ainslie trial. It is possible»that
‘interaction(s) would have occurred in the Ainslie trial

if the'déficient'nutfient other than phosphorus had been
- applied. In the . Darwin trial, the significant interactions
were S x N, PxNxS, PxT, TxS, NxTxS, PxS§,
.‘P4x T x S. The P x N,interacticn‘was.not.significant_inA
terms of total dry weight,'in bqth:tfiéls. ‘This indicates
;that the P x N inieractionvcan nof be expected to occur

unless other deficiencies are corrected at the same time.

12.4 Genotype X Environment Interaction

The Darwin trial evaluated interaction between soils,

fertilisers and provenances. The information obtained

,,,,,,,,,,,,,,,,,,




from this trial and trials of this nature, éan be taken
into account when provenances are selected for different

edaphic and fertiliser regimes.

The soil x phosphorus interaction was the only
significant interaction(when the fertilisers were not pooled)
forrtotai.dfp Weight prodﬁction. The PBO—iO cm‘soil‘was'
most responsive to phosphorus application and the PB10-25
cm. soil least.responsive. Thé soil x provenaﬁce‘interaCtion
was also significant for total dry weight'prOductibn.

‘This inﬁeractionvwas_due to the fact that the Queensland
provenance responded best on all soils and the Alamicamban

provenance least.

The provenance x fertiliser interaction indicated
that the three provenances éxhibited differential deficiencies
and sensitivities. The proVenancé'x S, propénance ple P,.
~and provenance x PS interactions were the significant
interactions of most-intereét;'ipTHe Alamicamban provenance
was most responsive to phosphorus in terms pf total dry
weight. - This provenance was sensitive to sulphur, both
‘with and without phosphorus. Although this trial was
ICOhdﬁcted‘with seedliﬁgs;'itvwbuld'be iﬁtérésting‘to'study
this provenance under field conditions and see if it is
sensitive to sulphur. Money could be saved by not applying

this nutrient, and growth increased. Since phosphorus is
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the most important nutrient for plant growth on the
four soils, selection of provenances responsive to this
nutrient, such as the Alamicamban provenance, would

increase the economic efficiency of fertilisation.

12.5 Mycorrhizae

The main'mycorrhizél effect was significant for
total dry weight. ‘The provenances all responded td
'mycorrhizalvinoculation at both levels of nutrition under
- study, except for threeicéses. There appeared'to be good,
if variable, fesponses to mycorrhizae with the PSNT |
'tréafmént.v Thié couldvhave béén dué‘fovﬁnbéiahéeav
" nutrition. There needs to be more research into
mycorrhizal relationships with pine since P. caribaeca is
oftén‘planted onvinfertile soils without fertilisers.
Inoculation with mycorrhizae could hélp reduce the

increment lost without fértiliéér'éppiidation.

12.6 Implications and Recommendations

Fertilisers were undoubtedly of benefit to
P. caribaea seedlings, in both trials. Indeed, the minimum
increase in total dry weight production of the best
treatment over thé control of the three provenances on

90%.

Since seedlings on the PBO-10 cm soil were more

responsive to fertilisers than seedlings on the Three Ways




s0il, and since P. caribaea trees are doing well on the
Three Ways site (in the Internatioﬁal Provenance trial),
the Point Blaze site éhbuld be planted with a trial plot.

A field trial is plahned for this site in the next few
yearé. Ehosphorus and nitrogen have beeh shown to be

the mos£ important nutrients for P. caribaea in field trials

on red earths. Taking this into account, the fertiliser

regimes to be used in the trial should be PN, PNT, PNS and.

PNST;‘even.thbugh-Sulphur application has not given a

response in field trials to date.

A minimum of foﬁr seed sources should be included

‘ih'thé'fiéld'triél.>‘Théée.éhbdid.bevﬁﬁe.Alamicamban

provenance, routine collected seed from Queensland

plantations (which is relatively easy to obtain), the Brus

- Lagoon provenance (which is growing best in the Three Ways
-International Provenance‘trial);'ahd the Poptun'provenancé
thich is growing best on the better drained, coastal plain

~ site at Humpty Doo). . The field fertiliser trial could be

applied to only one of these provenances i1f area or time -

are limiting.

12.7 = Further Research

a nutrieht>omi55ion pot trial should be started
to try and solve the nutritional problem at Three Ways.

One suggestion is to design a pot trial similar to Bevege

,,,,,,,,
,,,,,,,,,,,,,
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and Simpson (1973), since this design includes an omission
trial as well as studying genotype x environmental

interactions.

There appears to be little knowlédge of the
nutrition of the provenances in the field. One line of
research could be to conduct foliar analyses of the

provenances in International Provenance trials.

Lastly,_it wQuid_be of‘iﬁteiesﬁ to fihd the
provenances that are most responsive to phosphorus (the'
‘most important nutrient for P. caribaea on Australian édils).
'vIt-WOuld-beldesirabie-to-includeva basal applicatioﬁvof
all nutrients other than phosphorus, and to apply the

phosphorus at different rates.
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ABBREVIATIONS

QU : = Queensland Provenance

M.P.R.

Mount Pine Ridge Provenance
ALA = Alamicamban Provenance

P. caribaea = Pinus caribaea var. hondurensis.



