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SEMINAR ON PLANTATION MANAGEMENT 

MOSS VALE - 1963 

History of Low Site Quality Plantations and Present Position 

The first forest nursery in N.S.W. was established in 1886 at Gosford 
under the administration of the Forest Branch which at that time was located 
in the Department of Mines. The nursery stock was distributed for park and 
street planting and f6rwindbreaks and woodlots in the country. As a matter 

\ 

of interest the Gos~ord Forest Nursery became the locale of the first forestry , 
cadetship scheme when the Narara school was established. The Gosford nursery 
was abandoned" in--'1940 in fa"\four of the nursery and Forest experiment station 
which had been established,at Pennant Hills in 1938. 

,,",-, " .J ; , \ 

rfrior to the constitution of the N.S.Vi. Forestry Commission in 1916 
pl~ta~ion projects in P. ra~iata in emulation of those in New Zealand were 
initiated in N.S.W. with the establishment of 95 acres of P. radiata on the 

f I 

c0astal sands of Tuncurry in 1914. In 1915 7,5 acres of Pines were planted 
\ 

,at Armidale of which 3.2 a.cres were P. radiata. f" •. \....,-.) 

\j After 1916, exotic pine planting beoame one of the ohief activities 
if not the major activity of £orestry in N.S.W. 

~ 
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The new Commission commenced by planting land as accessible as 

\ 

possible to future markets, 0f which Sydney was the most important. The 
only land available was recognfued as being of poor quality, conSisting 
chiefly of Hawkesbury sandstone, but efforts were made to select the best 
of it with a view to converting,.otherwise valueless land to a profitable use. 
Although of nec~ssity poor soil~ were chosen, barren wind swept areas were 
avoided and all plantation sites were carrying Eucalypts of at least 40 ft. 
in height growth. In this ma~er Olney, Nevv.nes, Castlereagh, the Moss Vale 
plantations and those on the So~th Coast were started from 1919-19210 

\, 

The apparently satisfactory growth of Pinus radiata on poor sandy 
soils for the first few years aft~r planting both at Tuncurry in N.S.W. 
and on extensive areas in South Australia proved to be definitely misleading. 
It soon became apparent that the Hawkesbury sandstone wastelands (comprising 
most of the land close to Sydney) hnd the coastal sands would not grow 
P. radiata successfully. The unsatisf:actory results obtained with both 
P. radiata and other species on available land in proximity to the City 
market or on coastal areas from whic:(cheap water transport was thought 
possible forced the CommiSSion to seek ~other planting sites for an extension 
of plantations. Areas were sought ther~fore which were considered suitable 
from a soil and climatic viewpoint, irrespective of location to the main 
Sydney market. In this way the 1926-31 group of plantations was located in 
the South East highlands and in the country west of the Blue Mountains. 
The 1927 annual report of the Forestry Qommission stated that the Southern 
Highlands was to be the future coniferou~ belt of N.S.W. 

\_.~ .. 
At the same time to make use of the ~astelands near Sydney experimental 

plantings of other species, chiefly P .. pinaster were made. 

In 1934 in submitting a report on Fohestry in N.S.W. Mr. S.L. Kessell 
commented as followsg (p.44) , 

/ 
'-. 

"The New South Wales Forestry Commis sion, has taken the lead in the 
intrbducti::m of softwood species from all. parts of the world into 

, , 
Australia, and the extensive trial of the--l?rincipal commercial species 
in local plantations. In 1920 an officer ~f the CommiSsion was sent 
around the world to collect information concerning species likely to 
prove satisfactory in the various planting iQ~es of this State, and to 
ascertain how seed of the most desirable strai~s might be obtained. 
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The N level has important effects in inducing the translocation of 
other elements. In the following table the ratios refer to high N trees/ 
low N trees. 

N P K Ma Drjl"JYeight - -
All leaves 5.82 1.20 1.78 2.24 2.60 
Bark 3.20 2.05 0,64 1.03 0.91 
Wood 3.97 1.93 0.83 1.08 1.04 
Whole Tree 5.18 1.58 1.26 L34 1.25 

Phosphorus 

Phosphorus is absorbed from readily available sources probably as the 
orthophosphate in the region 1-2 cm behind the root tip, In trees the less 
readily available sources such as Al - Phosphate are dravr.n upon by the 
mycorrhizae. As chief carrier of energy for metabolic processes, P is rapidly 
converted to organic forms. The chief compound concerned is the nitrogen 
bearing substance ATP mentioned earlier which largely serves to accept the 
energy derived from the breakdown of glucose. All parts of the plant in 
which growth occurs therefore have highly mobile P constantly in supply in 
both organic and inorganic forms. 

Without these organic phosphates the photosynthetic cycle would not 
function. Th~ cycle is basicallyg 

Lipids ( Pyruv10 acid ) Krebs cycle (Amino acids + 
proteins ) 

T • 

(H) ~ O
2 

1, ~. Triose (0
3

) 3. Phosphoglyceric Acid 
6 ATP 

I 
CO2 -) ~ ~sucrose 

Ribulose Di-Phosphate (C
5

) (C6) 

(°12) 

3~P\ 
~ Cellulose .~ (Cx) 

,~ 
.""1' 

Pentose· (C
5

) -if!~--
·4, 

Acetyl (active) 

J" 
LiPi~S 

H~ptose (C7) 

In the tree younger organs freely remobilise P from older , 
organs. Eucalypts have a very efficient mechanism for withdrawing p' 
just before the abcission layer cuts off supplies prior to leaf fall. 
The phloem sap is particularly efficient in all species in carrying P 
from aging leaves to maturing fruit. In the deciduous trees Platanus and 
Fagus sylvatica the level of P. falls from about 4000 ppm in mid-summer 
to about l500ppm by the time leaf-fall occurs. Fruits in forest trees 
do not account for a high % of the total P but in agricultural crops the 
figure is very high. Sunflower seed has been measured as oontaining 42% 
of the total P absorbed while in maize the amount has been measured at 
52% of the total. 
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By comparison the partition in P~ radiata isg 

Needles 
Branches 
Bark 
Wood 

Potassium 

Dry Matte~ t% of Total 

2.5 
5.5 

12.0 
80.0 

p% of Total K% of Total 

24 
8 

19 
49 

18 
10 
20 
52 

Potassium differs from other elements in being absorbed and transported 
almost entirely in water soluble ionic forms. It is not concentrated 
specifically in any growing part of trees but when deficient~ younger 
tissues can receive it at the expense of older structures. Because of its 
loosely held ionic status~ potassium is freely leached from the leaves by 
rain and dew and may be used several times in one season within the forest 
nutrient cycle. 

Potassium is characteristically taken up in large amount and immobilised 
to some extent in the heartwood. The rapid re-cycling however needs to be 
considered in any appraisal of nutrient deficiency. 

Calcium 

Calcium appears to be transported only in the transpiration stream. 
The sulphate is probably the main form transported as it is not found 
precipitated except in the tree families .• Tamaricaceae and C!pEoridaceae; 
Redistribution of Calcium is insignifica~t so that defiQiency symptoms will 
occur in the newest formed tissues. These are forced to draW their Ca 
requirement directly from the calcium freshly supplied to the root. 
Bamber of the Division of Wood Technology has been able to note a re­
mobilisation of Ca from Eucalypt bark, a unique discovery which may account 
for the success of Eucalypts Dn totally deficient soils. Calcium is also 
unique among the major nutrients in its capacity to accuwulate in the 
heartwood of trees. It accumulates through the season in leaves, both 
deciduous and evergreen. Root growth is entirely dependent on the calcium 
supply of the surrounding medium. 

In P. radiata only 18% of the total Ca is contained in the needles and 
branches. 82% is contained in the wood and bark, 

Magnesium 

The element magnesium is contained in chlorophyll at the rate of one 
atom per molecule, which account~ for about 20% of the total Mg. The value 
;~ises in leaves as they age and also as they ago the Mg becomes more 
soluble in water and more susceptible to leaching by rain. 

Sulphur 

Sulphur is taken up as sulphate or if the concentration is low, from 
atmospheric S02' It is transported readily within the plant and after 
reduction to sulfide is found within the proteins CYstene? Cysteine, and 
Methionise. 

Other Elements 
~ 

Iron and boron are not particularly mobile but other trace elements 
are freely transported in the growing parts of most plant tissues. 
Excessively high levels of Fe supply can prevent the translocation of Mn 
from roots to shoots, although adequate supplies of K tend to overcome 
the Fe effect. 

Zinc has been of speCial interest in Australian;.plantations. It has 
been most characteristically a deficient element in tree CDOpS. In addition 
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to P. radiata, pecan~ ap~le~ pear~ stone fruit? almonds~ citr~s? tti~g and 
grapes have shown severe deficiency symptoms. It translocates freely put 
when the supply is deficient the production of the amino-acid tryptoph~ 
is curtailed and through this step the production of auxin is also curtailed. 

Aluminium , 

MUch of our work on phosphorus in P. radiata1 P. elliottii and P. taeda 
plantations has shown that Al levels exert a massive effect on P translocation. 
Although regarded as toxic many crops, Al in the case of these pines is 
freely translocated to the foliage and accumulates'in the bark although not 
in the wood. P. taeda accumulates very high lev.els in the foliage. 

) 

TranslocatiJn is probably by way of complexes, or chelates formed in the 
root sap. This complexing system appears to operate in competition with the 
phosphate translocation system, meaning that higher concentrations of P 
are required in the sap stream to overcome the effects of Al. The Eucalypts 
appear to have evolved a mechanism which separates the competing systems 
and so ~llows P to be used most effiCiently. . 

This account has been sketchy due to the dangers inherent in 
extrapolating the cases of crop plants too' far in considering the mineral 
picture in forest trees. A great deal of research is needed to remedy the 
situation? but in the meantime the knowledge available is most useful . 
as a background to'the management and fertilization of nutrient deficient forests • 
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SEMINAR ON MANAGEMENT OF PLANTATIONS 

MOSS VALE - MARCH 1963 

Nutrient Cyoles in Forest Stands - S.W. Gentle 

The nutrient oyole or mineral oyole takes into aocount the amount of 
nutrient absorbed by the forest oroP? its redistribution in plant organs and 
its return t09 or removal from, the oycle. The classical outlook on the 
cycle was that trees did not have a high demand 'for nutrients and that 
forest oover in some undefined way oonserved soil fertility. Increased 
production as the result of newer theories in silviculture? studies based on 
careful measurement rather than presumption, and on acoounting in absolute 
valuGs for the nutrients, has led to a reversal of this outlook. In highly 
productive forests on good sites the input of mineral usually Gounterbalances 
the drain9 but on poor sites under the same conditions drain may.not be 
balanced and production declines unless the nutrieht defioit is made good. 

The more important nutrient cycle oonsiderations are based·not only on 
the conoentratiJn of an element in a particular tissue, but on the gross 
produotion of the tissue itself. Where litter fall is involved, not only 
the litter produoed but the defoliation charaoteristics of the trde are 
important. Pines ~a~e1y retain needles more than three years, Douglas fir 
perhaps five'years at most, but some coniferous genera (Picea, Abies) 
often contain needles which are aged ten or more years. . 

As we shall see further in the next lecture two prooesses are vitally 
important in forest nutrient cycles. These are immobilisation of nutrients, 
either in litter or in wood and bark, and export of nutrients, a function 
dependent on the product being harvested. To assess the quantities of nutrients 
involved in each process it is necessary to have data showing how the gross 
nutrient uptake of the stand varies with age, site and speoies and also how 
the re-cycling process varies with the same factors~ The following table from 
a wide range of Russian forests shows the type of data used to assess the 
cycle. 

Consumpti0n of Nutrients in Different Forest Types by Age and 
Recycling in the Litter of these Nutrients. (after Remezov) 

(Figures in parentheSiS - recycled in Litter) 

'Forest Type Age N - .... ~------------------
~.tm!! 
vacciniosum 

tpf;1e) 

Picetum 
-----..", -==-=w ..... 

ffiytri~~ 
oxalidosum 
(Sprue;) 

Tilietun 
aeg0pod~ 

tioricosum 
(Linc1en) 

Quercotum 
aegOyodiOsum 

'. (Oak . 

14 
30 
45 
70 
95 

24 
38 
50 
72 
93 

13 
25 
40 
75 

12 
25 
48 
93 

130 

37(18) 
41(21) 
57(31) 
25(18) 
13(11) 

16(2) 
62(20) 
40(20) 
33(20) 
28(19) 

59(36) 
85(48) 
73(46) 
87(12) 

50(36) 
154(56) 
75(40 ) 
49(36) 
68(41) 

Kg/La. Annually* 
Ca K 

22(15) 
. 43( 23l 
36(19 
22(17 
13(12) 

15(2) 
52(18) 
34(19) 
31(20 ) 
25(18) 

77(53) 
111(63) 
96(61) 

115(95) 

96(12) 
223(94) 
134(75) 
84(67 ) 

122(80) 

17(5) 
19(6) 
20(5) 
9(6) 
5(3) 

8°l 38(8 
19(8 

1~g~ 
30(17) 
50(25) 
42(25) 
46(36) 

30(20) 
68(26) 
41(19) 
20(17) 
26(19) 

* Kg/La = 1ba./aore very approximately, 

P 

4(2) 
6(3) 
5(2) 
2(2) 
1(1) 

3(1) 
13(4) 
6(3) 
4(2) 
4(3) 

6(4) 
9(6) 
8(6) 

11(10) 

15(13 ) 
18(13) 
18(12) 
12(11) 
11(8) 

Mg 

5(3) 
8(4) 
8(3) 
3(3 ). 
2(2) 

2( .3) 
10(3) 

6(3) 
5(2) 
3(2) 

10(6) 
15(9) 
13(9) 
17(15) 

16(11) 
26(13) 
17 (11) 
10(9) 
12(11) 

l 
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The trends are fairly obvi~us. The coniferous forests have 
put a smaller total amount of nutrient into circulation than have the hardwood 
forests but have also returned smaller amounts to the soil. This is partic­
ularly so for the bases Ca and K. 

This type of balance sheet was acoepted as a general proof that 
coniferous forests needed small nutrient qUQntities and that hardwood forests 
improved the soil by improving its base status until Rennie pointed out that 
the managed forest tied up more nutrient over a rotation than it recycled. 
His calculations~ based on all data capable of analysis published in the 
period 1876-19559 showed that thinnings in the managed conifer forest 
removed about 35% of all the Ca and K absorbed and 25% of the P while in 
hardwoods they removed 50% of the Ca absorbed? 46% of the K and almost 40% 
of the P. Stated in another way~ one cubic foot of thinnings removed 
nutrients as followsg 

Ibs./acre removed (Rennie) 
Ca K P 

Pine o.oB 0,04 0.01 
Hardwoods 0.39 0.11 0,02 

In P. radiata? Kaingaroa site II A the total figures are? in l'bs./ac8 

Dry ])latter N P Ca ---'-=--Slash lB~oOO (9%) B3 (42%) 9 (36%) 22 (19%) 59 (29%) 
Logs IBO?OOO (91%) 114 (5B%) 16 (64%) 94 (81%) 141 (71%) 

The fallacious basis of arguments advocating the use of mixed hardwood 
species as soil improvers can be readily seen. Alth0ugh more bases are put 
into circulation by hardwoods, relatively more ~e immobilised by the capacity 
of the woody organs to accumulate Cao A base-rich soil is likely to remain 
a good soil irrespective of species because nutrients are coming into the 
cycle at a high rate. An inherently p00r soil will remain so unless its 
base status is enriched by means other than a species change. Leguminous 
tree speoies may enrich the N supply but often these species need a soil of 
good base status to thrive. 

We have considered uptake and export of nutrients immobilised in the 
bark and wood of the forest crop. There remains the return of litter nutrients 
to the cycle to consider. Nutrients returning to the soil are added in two 
ways. The greater percentage comes from 'mineralisation of humus, but a 
significant portion of the Na and K is recycled by the leaching action of rain 
and dew. Hardwoods probably re-cycle more potassium in this way than do 
conifers. 

The breakdown of humus is not often a problem in the fertility of 
Australian commercial forests~ but in the cooler? high latitude regj0ns of the 
northern hemisphere the nutrients immobilised in humus often make the difference 
between efficient producti:·n of forest products and failure. The problem 
probably occurs also in the sapling stages of establishment in the tropics 
where high organic production rates by weeds are pos sible. In northe:r.;J 
Europe measures to release litter nutrients revolve around increasing the 
biological activity of soil microfauna chiefly by raising the pH anJ/or' 
caloium oontent of the raw humus layer. Where there is a climatic limit to 
the efficiency of this process nitrogen fertilizers are usually used at 
rates between 100 and 200 lbs./aore. 

Data from a P. sylvestris plantation growing in Britain show the 
relative size of the pools of immobile elements. 

Element % in Forest ECQsystem 
Litter + Mortality Boles of Tr~es 

K 42 22 
Ca 59 21 
Mg 39 29 
P 66 10 
N 82 5 
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Minexa-I4-s-ation of the humus proceeds at a variable rate but- in--a p.e:f..inite 
order. Remezor has determined this order as K.> P>- N = Mg). Ca.::>8 whi ch 
corresponds roughly to the degree of ionic involvement in organic compounds, 
as discussed in the lecture on translocation. The released elements move into 
the profile in a different order AI> Ca~Mg~N.;:Ij!o.K.>8i.>P. Leaching losses in 
the forest soil profile are reflectea by this order. Continuous forest cover 
is thus needed to conserve elements like Ca which tend to be concentrated in 
the upper profile by the activities of vegetation and tend to leach rapidly 
where denudation occurs in climates receiving above 2511 of rainfall annually. 
In low rainfall areas the opposite effect oocurs, namely concentration of 

• bases in the surface soil, mainly as the result of excessive evaporation. 

. ~ 

-i; 

~ 

To sum up, it can be seen that the losses of nutrient in intensively 
manag~d forest are far from negligible. It can also be seen that there are 
numerous opportunities in the nutrient cycle to conserve or control the 
direction of nutrient movements. These possibilities will be conSidered next. 
Whether the soil can make up the deficit in the oycle is the important measure 
of the importanoe of the value shown as defiCient for a particular element 
at the end of the rotati9n. Two elements are probably oritically balanced in 
the good sites in our forests4 These are N and Ca. On poor sites P can 
almost always be added to the list of factors limiting production • 
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SOME LIMITATIONS IN THE USE OF FOLIAGE 

AND SOIL ANALYSIS. 

There are at least three basic linitations to the use of soil 
and foliage analysis. 

1. There is the overall limitation which arises 
fron trying to estimate what is happening in 
a dynanic situation by means of a static procedure. 

2. There is the sampling difficulty, present in 
all heterogenous systens. 

3. There is the relevance of what is determined 
by chemical procedures to the plant situation 
and also the fact that eachiPlant has its own 
special relationship to the. soil. 

Each of these can be overcome to a considerable degree once 
their extent and the way they interfere in the prediction process is 
understood. For example~ we are fortunate in being interested mainly in 
one species. Its special relationship to the various elements can be 
studied at the laboratory level thoroughly -- given time and facilities. 
As we accumulate knowledge at this level the relevance of the vari'ous 
chemical results to the plant situation becomes clearer and mpre specific. 
For example, using laboratory methods we have found that p. radiata is 
very tolerant indeed to A13+ provided ample P is available but that under 
these circumstances more P than normal is taken up by the plant for the 
same growth. These facts can be used in evaluating foliage P results 
where high A13+ availability in the soil is found. 

Again when we understand the extent of the spread of various 
nutrients in, say, Hawkesbury sandstone derived soils (or which is 
associated with certain Eucalypts) we can estimate the number of soil 
samples we require to achieve a certain result .. 

Returning to point (1)~ the difficulty of trying to estimate 
what is happening to a dynamic system by a static procedure is particularly 
germane to the foliage, bark or wood analysis., It also exists in soil 
work, however. At Lidsdale, for example, for certain nutrients it appears 
that the older the stand th9 less there is in the soil. It WOUld, 
therefore, be unwise to assume that the present analysis is the same as 
would have been obtained when the pine was first planted. This effect 
could be neglected, however, on a good site such as Green Hills. Soil 
dynamics are much slower, however, than the fluctuations and variations 
which are found in the foliage. When a tree is actively growing the ratio 
of various elements such as P, Ca, K, Mg, to the total weight of organic 
material present (expressed as the dry weight) is in a constant state of 
flux. For this reason, not a great deal of information can be obtained 
from the analysis of foliage during these periods. To overcome this, 
foliage .samples are·taken when the tree is in its period of least· activity -
winter.., It ap:pears that· the. encL..o.f :May or beginning· of '";June is the best- '. 
time. The ... furthe.r north we go the mora insoluble this problem ,b,econes-. - . 
Neverthe.less,.· we have be.en· able.:to obtain fairly satisfacto.ry results, ,on ... , - , 
the North Coast in July • 

. . ~ ..... 
Another factor in foliage analYSis is the sampling position on 

the tree. Different procedures will be used aqcording to what is requ~~~~ 
If, for example, we were engaged in nutrient cycle studies we would have to 
sample the whole tree in a representative way to arrive at an estimate of 
its total nutrient content. But if we want to find what 'the nutrient 
status of a tree is for the purpose of 'relating this to site quality, 'it is' 

.,.necessary to sanple ~rom a consistent place on the drown~ preferab~ using, 
dormant foliage less than one year old. Work which we have done with 
P. elliottii at Barcoonger~ shows that no systenatic difference can be-found 
between foliage' collected in winter of the previous spring's growth from 
anywhere in the crown. Nevertheless, it has appeared to us that it is a 
prudent precaution to always sample from the top whorl where this is 
possible'and to take sufficient samples to allow for a fortuitous spread of 
about 200 ppm·P·between sampleso 
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At this stage it may be as well to interpose that9 compared with 
sampling and other sources of error, the methods used for estimating the 
various elements~ P1 AI? Ca? etc. are very accurate and can be neglected 
as sources of uncertainty or limitation for ~he purposes of this 
discussion • 

Using the sampling procedures as outlined we have been able to 
show that very good relationships exist between foliage P and tree height 
for both P. radiata and p. elliottii after age has been duly taken into 
aocount. As these figures represent all stages of development from 
5 years old to 40 years old? it appears ~hat we can predict at a very early 
age what the site quality of a planting will be and whether any fertilizer 
amendment will be required to bring production up to any desired level. 

But it would be clearly ouoh better if, instead of waiting until 
establishment costs have been Det, we uould predict with greater accuracy 
than at present, the prospective productivity of a proposed planting site 
and what additional fertilizer amendment is likely to be required to 
bring it up to the desired production level. 

Only three 'ways of doing this appear to be open to USg 

(1) Soil analysis~ 

(2) The existence of a native stand known 
to be associated with various levels of 
productivity; 

(3) Foliage analysis of the native stand. 

All three are important. From the work we have done to date it 
is fairly olear that we will be able to make a very close estimate of the 
overall productivity of a site. We still have a long way to go with (2) 
and particularly (3). But the soil analysis aspeot looks, at the Doment, 
very hopeful. 

However, the limitations C'.~ soil analysis for prediotion of 
plant production are certainly very great -- so great in faot that some 
leading authorities are quite pessimistio about it. It should not be 
forgotten~ however, that in forestry we have considerable advantages in 
this regard. We have a single crop whose relationship ~o a particular 
soil can be assessed after a long period of what amounts to complete 
ocoupancy of the site~ Climatic factors are ironed out over the period 
and need not be the source of variation found in agricultural crops, It 
is not a nutrient demanding crop in the sense that agricultural crops are, 
and it oan use sources of nutrients which agriculturally are almost 
useless. It also uses soil which has been undistu~bed by cultivation. 
Where agrioulture has had to deal with a single crop such as wheat, in the 
one olimatic zone, it has been found possible to develop techniques which 
can prediot, from soil analysis, the yield of wheat and the fertilizer 
required. Something similar should be possible in the central tablelands 
pine plantation area. 

One source of variation in soil analysis is the sampling. How 
many levels should be taken? How deep should the sampling go? What weight 
should be attached to each level sampled? We started our work at Lidsdale 
sampling the A1, A21 B11 B29 C horizons in the conventional way, using the 
various profiles as a guide. However, it has become fairly clear from the 
Lidsdale, 1fullion Range and partioularly the Penrose results that P. radiata 
is basically a top soil feeder as far as nutrient elements are concerned. 
The soil below 15" contri~utes very little to the total supply. We have 
now standarclized on 0-3" and 12-15" samples. The 0-311 appears the Dore 
important of these with the 12-15" telling us more about the possible root 
development of the trees - if9 for exat1ple~ the 12-15" sample has no Ca2+ 
then the root developoent will be severely limited whioh will probably have 
ioportant general forestry consequences. 
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The soil is not homogeneous laterally although nearly so, 
except for the occasional sample which, unknown to the sampler, has had 
an atypical history. An animals unnoticed remains could make the Ca and 
F results quite high in an otherwise lower set of results. An example 
of this occurred in the Sunny Corner S.F. burnt windrow investigation. 
One sample contained 431 ppm P compared with 11 others which ranged from 
153 to 319 ppm Po The site was resampled a few feet away and was found to 
be well within the range of the others (212 ppm p). ,Another cause of lack 
of lateral homogeneity is change in soil type. At Wingello, for example, 
on the large experimental plot there are three distinct soil types, 
geologically and chemically. These are not particularly obvious to the 
observer, particularly on a piece of ground covered by native vegetation. 
One is Hawkesbury sandstone soil, another is a red soil and the third is 
a Nowra soil - similar to Hawkesbur,y sandstone soil in appearance. The 
Hawkesbur,y sandstone is low in all nutrients, the red soil is low in P but 
not in Ca while the Nowra grit is low in Ca but not in P. The experiment 
is one which tests the effec~ of Ca and P amendments in various ways. It 
is well laid out with plenty of replication. The results will~ however, 
be ver,y difficult to analyse because while one is responding to both Ca 
and P the others are responding to P and Ca only. 

This example could be repeated for each of the forests we have 
saBpled so far and it is quite clear that sampling must take due regard of 
the geology of the area. 

Another oa tter concerning sampling is the importance of ensuring 
that a good estimate can be made of the % stones in the soil. We have 
found that this is a very important factor in assessing the productivity 
of a site. At Lidsdale we found that the correlation of total P to site 
quality was 0.29 in other words the two were apparently unconnected. 
This could be put down to Bany things, but it nevertheless appeared 
unlikely. By taking the percentage stones into account the correlation 
coefficient came up to 0.71 which for the large number of samples we have 
is highly Significant. Even more important, it made the figures at 
Lidsdale more comparable to those found at Mullions Range where the stone 
percentage was generally very low. It appears that we ~re dealing with 
the probability of the root contacting or coming close to a particle and 
also the total root development possible. 

Another limitation of technique arises out of the analytical 
nethods. These are in themselves very accurate, but they are all 
empirical procedures which are difficult to associate with any plant 
requirement in an absolute way_ They are very useful when comparing one 
soil with another when we have been able to establish some relationship 
between the chemical results and the plant to be grown. We can tell quite 
accurately, for example, just how ouch Ca2+ is available on the soil 
exchange sites. After some experience with the requirements of P. radiata 
we are now in a position to relate this figure to the plants needs. But 
we still cannot say how easily the plant will get the Ca2+. We have been 
able to establish the danger levels for Ca2+ by these procedures and this 
is a very important contribution to central tableland pine plantation 
nutrition. Before we leave exchangeable ions, it should be mentioned 
that soils that are derived from limestone or which have been heavil~ 
limed cannot be readily coopared with acid soils for exchangeable Ca +. 
This is not serious, however, because these soils are adequately supplied 
with this element. The aoount of free lime can be estimated fairly 
readily. Another matter that 'should be mentioned is that soils with a 
pH above about 5.5 (1/5 KCI) will not have any exchangeable AI3+. 

The estimation of N gives us an absolute and total N figure. 
This is quite accurate but is time consuoing and should only be done when 
absolutely necessary. At Lidsdale all the saoples were examined for N. 
The rosult of this large expenditure of time and effort was nothing of value. 
This does not Dean that it never will be advisable to look at forest soils 
for N or that N is unimportant. It merely means that until more is known 
about the role of N in forests and how it CODes to be there in such large 
quantities despite the fact that it appears to be easily removed and only 
replaceable with difficulty~ it will be as well to not spend much valuable 
laboratory time on its estimation. 
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pH is a neasure of the divergence of the soil froD neutrality. 
The pH scale goos fron 0 - 14, a pH of 7 neaning that the soil is neither 
acid (less than 7) nor alkaline (nore than 7). With the inportant 
exception of our linestone derivod soils the soils we deal with are acid _ 
their pH is below 7? sooe being as low as 4. The DeasureDent of pH in 
the laboratory is extreoely accurate, a very delicate instruoent being 
used for the' purpose. Unfortunat,l:y, the pH nust be estinated in the 
presonce of nore water than nornally occurs in the soil and after the soil 
has been Dade into a slurry with the water. These are not the sane as 
the field conditions where intinate oixing of water and soil is rare 
(certainly in forestry) and where the soil to water ratio can be aloost 
anything. The pH of soil is different when various SOil/water ratios 
are used. Another cause of variation is the presence or absence of the 
soil particles in the liquid being oeasured. To illustrate this a soil 
froD Wingello State Forest (0-3 horizon) has been nixed with various 
anounts of water and the pH estioated. 
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You can see that it is quite iDportant just how ouch water is 
present for a given aoount of soil. To overcooe this we always use the 
saDe SOil/water ratio 1/1. Sone laboratories use a soil paste while 
others use 1 sOil/5 water; generally the latter laboratories centrifuge 
and estinate on the clear layer. 

Another cause of va~iation in pH values as reported is the 
presence of dissolved electrolytes in the water used. For this reason 
sone workers prefer to use a strong electrolyte solution. We always do 
a pH this way as well as with pure water. We also report a 1/5 sOil/NKCl 
clear solution pH. These are done because, for the soall aoount of 
extra work involved, the extra data Day prove useful at sooe future date 
as physico-chenical researches on soil develop. 

The value of pH in diagnosing soil troubles is not great in our 
case. We concluded froo our Penrose work that pH in itself was of little 
ioportance and that it could not be relied upon to point to any particular 
soil defioiency. On one oocasion pH values found on sooe nursery soils 
at Woolgoolga gave a olear indioation that these had been grossly inter­
fered with. Unknown to the present staff very large quantities of lioe 
had been placed on the soil in the past and this was the cause of the poor 
growth experienced. 

Phosphorus is the oost ioportani of all the nutrients as far as 
we are concerned. It has been shown to be the basic deficienoy wherever 
there has boen deficiency and this DUSt be rectified before any other 
deficiency can be dealt with successfully. Froo the oheoist's viewpoint 
there are a large nuober of ways of ostioattng P in soil. These have been 
developed and found suitable for a certain set of conditions and situations 
insofar as they are useful for predicting how ouch superphosphate is needed 
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to bring a crop up to a certain yield in average weather conditions. 
They have been the work of people in the agricultural field where the 
probleos are very different froo ours in oany ways. Agricultural 
crops will not survive or at least not grow successfully on land which 
we have been able to use. Trees clearly can either use P sources 
unavailable to oany plants or alternatively they do not require as ouch 
for a vastly greater growth rate? or a coobination of both. To our 
knowledge no forestry soil investigations have revealed a good P vs site 
quality correlation using any of the so-called available P oethods. 

In general it can be said that most of the available methods 
were developed before the complexity of the soil P was realised and were 
all aimed at estimating easily extractable p. One method uses water as 
the extractant. The soil is shaken with water and the P estimated. Our 
attempts to use this method have yielded? as might be expected? nil 
results. Another method which has proved most successful with wheat 
farming is to extract the soil with NaH C03 solution while others use 
dilute acid extractants such as Citric? sulphuric and lactic acids. In 
our soils we find with these extractants such low results that differences 
are often oeaning1ess. This is not always the case with citric acid but 
we have not pursued this because there seems little theoretical or 
practical justification for it in our case. Dilute H2S04 estinates the 
amount of calcium phosphate in the soil. In acid soils this is very low 
indeed and is not necessarily the controlling factor for trees. 
Aluminium phosphate appears to be much more important. During the last 
five years a method has been available which will allow the estioation of 
the A1-P? Fe-P and Ca-P in the soil. There are also methods for 
estimating the organic P in the soil. It appears to us that the best 
approach for us is to determine the proportion of each of the "active" 
forms of P in the soil and ascertain whether this Can be correlated with 
pine growth. A correlation of this nature may be obtainable in soils 
with a low P absorptive capacity such as some sandy soils as at Whiporie. 
But in most cases the absorption capaCity of the soil is considerable and 
it seems likely that this is a measure of the difficulty the pines have in 
obtaining what P is in the soil. The measurem~nt of 'absorptivity' of the 
soil is not technically difficult but is time consuming. There is also 
no agreement amongst the workers in this field on the exact tochnique to 
be used. ITone of the "availablell P procedures tells us anything about 
this aspect of the matter. Neither do any of them tell us anything 
useful about the P "capital" available which is very inportant information 
for forestry practice. 

Because of these factors we have settled on the following 
pI'ocedures~ 

. In the first instance we extract the soil for some hours with 
boiling concentrated hydrochloric acid and estimate the P. This is an 
accepted technique for finding "total'l P in the soil - that is? total as 
far as plants are concerned. P locked up in silicious minerals or 
present in some oore mineral forms is not estimated but these types of P 
do not even interest a long tern occupier of the site such as the forester. 
From this estioation then we obtain an overall picture of the P "capital" 
in the soil. More important still we have an estioate of the frequency 
with which P is likely to be oet in the soil by the roots as they grow. 
What we have not got is any idea of the form of the p. We can make 
certain assumptions? however, which are valid in our case. Firstly, 
there will be little? if any, calcium phosphate present in our acid soils. 
Secondly, the organic P content will be fairly low. Thirdly, soils 
developed froo sioilar geological formations and in sioilar climates will 
have a fairly close A1 - P to Fe - P ratio and somewhat the saoe proportion 
of P occu1uded by Alumini~o and iron oxides. 

Wo still need a oeasure of the soil's capacity to hold P compared 
with the plants roots ability to obtain it. We can obtain some idea of 
this by oeasu~ing the exchangeable Al. This we carry out on every sample. 
Further, P does not appear to be absorbed as readily in low Ca soils as 
in those with a reasonable level of this element and so we take this into 
account. 
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Having obtained these three analyses we then nake an estimate 
at the probable site quality for p. radiata using the following equation 
derived froo regression analysis of Lidsdale and Mullion Range soil samples. 

* SoQ. (dominant height at 20 years) 

= 5.8 + 35.24 log P - 4.8 Al + 2.2 log 100 Ca 

Where further work requires it such as in the examination of the 
experioental plots at Penrose, Barcoongere~ Wingello and Woodburn

1 
the 

P is fractionated into its najor components and the absorbtivity of the 
soil found by more elegant oethods. 

* P, Al and Ca figures are ppm, neq % respectively. 
Each is modified by the amount of stone present. 
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SEMINAR ON MANAGEMENT OF PLANTATIONS 

~OSS VALE MARCH 1263 

Management Consideration in Nutrient Defioient Fores~ 

The silvioultural treatment afforded a nutrient-defioient forest in Australian latitudes will often be at varianoe with muoh of the olassioal dootrine evolved for northern hemisphere forests. The reasons lie in the relative values of light and root oompetition in the two environments. Light is rarely a limiting faotor where produotion rates are oonsidered in our part of Australia. In areas receiving 35" or more of rainfall annually~ soil could be said to constitute at least 60% of the onvironmental influence on production rates and climate 40%. In latitudes above 450 the oPPosite relationship probably prevails. 

The silviculturalist controls three factors in his management of the forest. These are the degree of oanopy closure? the species composition and nutrieht additions and subtractions from the stand. On nutrient-deficient sites three processes are uppermost in his considerations. Thee;) are r~:utrient immobilisation~ nutrient export and nutrient addition. 

Canopy closure is controlled by thinning the desired species and/or eliminating weed species. Where the nutrient supply is deficient both operations act to increaso the speed at which nutrients are cycled. Thinning adds slash to the forest floor as does clearing, and at appreciable rates. Twelve pounds of P per acre in the litter is equivalent to the addition of 1 cwt. per acre of superphosphate, and as Remezor's table shows is achieved without adding thinning to the litter-fall. A heavy thinning could easily add nutrients s:urilias P at rates up to 3 cwt./acre applied as superphosphate. Pruning would have a similar effect, and would improve matters by speeding up the reiurn of nutrients from small branch material which would otherwise take years to return its nutrients to the cycle. 

Thinning further speeds up the cycle by preventing undue immobilisation of nutrients in the litter layer. The opening of the canopy allows more favourable decomposition conditions to prevail. Radiation reaching the floor of the forest increases as does rainfall. Logging assists further by stirring up the humus layer. Aeration improves, and the result' of all factors resulting from the thinning is to prevent the locking of criti8~1 amounts of nutrients, as often happens in cold northern forests. 

Burning, whether controlled or of a broadcast nature? dramatical1y unlocks all nutrients. P becomes more available, Ca and K are immediately available and N is volatilised and lost from the cycle. Provided rests8king of the site occurs immediately little damage is done by burning? unless N is critical. This may be true of second rotations in some poor sites. Mr. Waring's work at Belanglo SoF. certainly shows that N losses by the time of the second rotation need careful accounting.,. In Eucalypt forest bUYJ.ling might well play a part in maintaining fertility by keeping bark nutrionts in mobile forms. 

Thinning also makes available to each tree a greater volume of svil from which its roots draw nutrient. For an element such as calcium, for whloh roots make physioal contact in order to absorb the result is the transformat~.cn of a sub-optimal nutrition evidenced by dead-top etc. to a nutritional st~tus ~ which is more nearly adequate. Needle weight per tree is increased while each tree increases production so that the stand rarely loses total production as compared with total growth in the unthinned state. Wood production per unit ~ of nutrient capital employed is thus more efficient. Within the capabilities of the tree's root spread? the poorer tho site, the more nearly the capabilities of the site will be realised in wood production if this spacing is kept wide. 

S]ecies composition as already mentioned is altered with the elimination of weed species. It is also altered if the major species is tailored to the site capabilities. Hardwoods accumulate high percentages of certain elements in their wood and bark, while relatively speaking softwoods re-cycle a greater percentage. Unit for unit of wood therefore 9 or hardwood will need more nutrients in circulation than a conifer. The classical 'nurse' or 'soil imp Tovil1g 1 
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hardwood species therefore need a critical appraisal on poor sites. It is 
true that useful symbioses do occur but well proved cases are rare. 

Eucalypts are a special group of hardwoods whose nutrient cycling 
capabilities are unknown. It is true that Eucalyptus bark is much richer in 
nutrients than that of P. radiata but it is also a genus able to utilise 
very low grade sources of P and Ca. Total vegetative production in organs 
other than the bole constituents is probably low by comparison with deciduous 
hardwoods and litter deposition is likowise very low by comparison. In their 
management however it is unlikely that the basic tendencies of deciduous 
hardwoods in nutrient cycling will need much alteration to conform with 
Eucalyptus,if it is remembered that Eucalyptus is adapted to sites inherently 
worse than those utilised by deciduous hardwoods. 

Export of nutrients is a case in point. 
of P. laricio areg (lbs./acre). 

Figures for a mature stand 

Dry Matter N P K Ca 

Bark 19,000 41.5 5.8 27.5 28.0 
Wood 66,000 46,0 3.8 33.5 43.0 

It can be seen that a big saving in nutrient export would be effected 
by leaving the bark in the forest. In hardwoods the percentage of elements 
in the bark is even higher and correspondingly greater economics in nutrient 
export are possible by dobarking in the bush. 

Finally the silviculturalist can seek to make good the deficiencies 
in the nutrient cycle by placing fresh nutrient capital into it. A poor 
choice of the artificial addition can result in immobilisation within the 
soil. Simple substitution at Penrose state Forest for instance of rock 
phosphate for superphosphate would ensure a steady supply of Ca - P for species 
unable to use Al - P, (the soil reversion form)~ produced by the soil -
superphosphate reaction. 

In making good the nutrient deficiencies it is necessary finally to 
consider the placement of the addition. Under closed canopy? broadcasting 
has many advantages from the economic angle. Little of the nutrient will 
go to any except the forest production cycle, and little will be lost by 
leaohing, even including soluble nitrates. However, in young stages under 
competing conditions, it seems better to avoid adding nutrients to weed cycles 
if it is economically possible to avoid doing so. Placing the fertilizer in 
clcse proximity to the plant not only favours the plant, but limits the 
soil/fertilizer reaction. By contrast broadcasting allows soil and fertilizer 
to react at maximum rates and gives the manager a further opportunity to 
gain more mileage from the applied nutrients. 





~. 

.,..~ ~) 

'" 

.... 

l,.. 

7'-

,i 

~ 

~ 

!: 

SEMINAR ON MANAGEMENT OF POOR SITE gUALITY 
- PLANTATIONS . 

MOSS VALE.- 1963 

!2rtilizer Teohnoloe[ - (S.W. Gentle~ 

Costs de~e exolusively what fe~tilizers can be applied to forests. 
The clljaotive in thi-g le()t~ is to review the foo-tOJ:'s influencing oosts 
as well as to point out the oapabilities of some of the more commonly used 
fertilizers. For forestry the only praotioable fertilizers are of ohemical 
orlgln. Certain orsanic materials such as blood and bone may have limited 
use in nurseries but the major fertilizers for forest use are all inorganio, 

The fertilizer industry divides its fertilizers into two groups, 
Itpure" or "straight", and IImixed". Superphosphate would be an example of' 
a straight fertilizer and 'Banana Speoia1' of a mixed fertilizer. There is 
usually some oonfusion over fertilizers and as ammonium phosphate whioh 
is not mixed but by its ohemioal nature supplies both Nand P as nutrients. 

Fertilizers are sold by 'grade', a term denoting the relative peroentages 
of the elements, N-P-K, known as the primary nutrients. For forestry, Ca is 
also a primary nutrient but it is not oonventional to reoord it ~~ 
rating. For reasons oonneoted with 19th Century cl;temistrY,·-the·-figures for -, "'--~-
P, K and Ca are quaintly expressed as the oxides P20 , K20 and CaO. Ratios 
are also used in fertilizer 'terminology to express tRe propo~tionality of 
the elements. A fertilizer graded 10-10-10 is said to belong to the ratio 
18181. Ratios are ohiefl¥ of interest where it is desired to apply two or 
more elements at onoe. By working these baok as a ratio it is Simple to 
seleot a fertilizer which will supply them ready mixed or to select a fertilizer 
which is easily amenable to alteration to the desired ratio. Applications are 
easily obtained by dividing the applioation rate per aore by the peroentage 
indicated in the grade. 

From the eoonomio side muoh depends on the oonoentration of the element 
in the fertilizer relative to its prioe. The more conoentrated souroes will 
require least handling, but this may be offset by their greater oost in' 
the first plaoe. It is therefore necessary to look at the oost per unit 
of nutrient supplied. 

Costs vary oonsiderably. A unit of N as blood and bone oosts £4. o. 0, 
while as urea it oosts £1. 8. 0, as sulphate of ammonia £l~ 9. 4, or as 
nitrate of soda £2. 7. 4. Citrio acid soluble super P oosts 18/6 per unit 
while in blood and bone the oorresponding oost is £2. 5. 8. Potash supplied 
as the ohloride oosts 11/1 per unit~ while as the sulphate the oost is 16/1 
per unit of K. 

The following table shows the interaotion of fertilizer oonoentration, 
applioation oost, fertilizer applioation rate and stumpage. It is drawn 
from a study on Douglas fir in Westepn Washington. 
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Fertilizer N Stumpage Cost-Return Ratios for 3 
lbs./acre mbf Application Cost Rates per lb. 

dollars -
•025& 0.035& .050& UREA 46% N 50 5 1.39 1.24 1,06 @ 5.75 ~ per· lb. 7 1.094 1.73 1,49 

190 5 2.60 2t 33 2.00 
7 3.64 3,25 2.80 

200 5 1.76 1,57 1.35 
7 2.46 2.19 1.89 

AMMONIUM 50 5 1.21 1,05 ..<':1 NITRATE 33%N 7 1.68 1.47 1.24 4.5 P per lb. 
100 5 2.26 1.97 1.66 

7 3,16 2.76 2.33 
(4.22 P based on 200 5 1.52 1.33 1.08 urea price + %) 7 2.,13 1.86 1.52 

AWONIUM 
SULPHATE 20foN 50 5 <1 ,1 <."1 

7 1.24 1.05 «1 
3.25 P per lb. 100 5 1.66 1.41 1.16 

7 2.32 1.98 1.62 
(2.56~ based on 200 5 1.,12 (1 ~l urea price + %) 7 1..57 1.33 1.09 

The most interesting aspect is that tho least concentrated fertilizer 
has produced the worst return on the investment. At the higher unit 
spreading cost it is virtually impossible to secure an adequate return. 

Fertilizers are now available in a wide range of grades and a 
fairly wide range of chemical combinations o Particular situations will 
determine which source of a particular nutrient is most suitable~ Climatic 
factors play a big part in deciding which way a soluble nutrient combination 
should be applied. Etperience is the most valuable prerequisite to testing 
fertilizers and should always be sought out~ whether it is gained personally 
or is available from industrial sources. A very general roview of the 
major sources vdll now be given, remembering that specific cases may not 
conform to the general pattern. 
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Nitrogen 

Although not yet used in plantation forestry in Australia to any great extent, 'it is probable that nitrogen will play a part in second rotations~ as it has in the Northern Hemisphere. Whether this part will be of widespread importance remains to be seen. Jenny's approach to climate in soil formation would lead to a genexal conclusion that nitrogen in our N.S.W. latitudes may not be a major problem. 

Supplying nitrogen to the forest cycle, particularly in temperate latitudes seems to be without the problems of supplying it to agricultural oycles in the same conditions, for the reasons discussed in the lecture on forest nutrient cycles. Sources of importance are urea (46%) ammonium phosphate (11% or 21%), oaloium ammonium nitrate, (20%), or ammonium sulphate (20%). Urea is a good source because of its concentration and slow breakdown in the general run of forest soil types~ Slight impurities (biuret) can induce injuries as oan exoessive co~ntrations of this rich material. The main handling disadvantage is a slight tendency to become sticky on contact with the air. C.A.N. is valuable because it combines N in the readily available NO form with N in the slower releasing NH form. Hardwoods and Douglas fir ~espond to it exceptionally well. The m~jor disadvantage with ammonium sulphate is its tendency to acidify the soil, especially when applic­ation rates are heavy, 

Phosphorus 

Superphosphate is a valuable source of P for forestry. Its main disadvantage compared with rock phosphate or ammonium phosphates is its relative bulkiness. This is offset for some areas by its capacity to supply Ca in the soluble form from its gypsum component. Lime superphosphate a 50g50 mixture of superphosphate and oalcium carbonate is even better for forestry where a high analysis P fertilizer is not so important. There is considerable evidence in the Moss Vale sub-district that P becomes more easily available to P. radiata from the mixture than from the pure superphosphate source. 

On aoid forest soils such as the Hawkesbury sandstone, rock phosphate, (about 38% P20~, is as good a source of P as superph:;:,sphate', unit for unit. On higher ralnfall areas its relative insolubility may give it an advantage over superphosphate, Its high analysis is its greatest advantage for forest~y. 

The ammonium phosphates are N-P fertiiizers whioh in their straight form are either the monosalt, NH4H2P04, on 11-48-0, oompound or the di-sali (NH )2 HPO ,21-53-0. A low percentage of Ca is usually present as an impdrlty. 4These compounds are of exceptional potential for forestry where N x P interaotion is important and for oases where P needs to be supplied in difficult situations. The weight advantage in such situations may counter­balance the added expense. These fertilisers are pelleted and are therefore very easy to handle in spot application's, as compared with non 13elleted sources. At prese'nt the di-sal t suffers from the disadvantage of lJeing hygroscopic but the fertilizer industry believes this will be overcome in future by better pelleting teohniques. 

Ammonium phosphate complexes freely with the transition elements to form relatively insoluble oompounds. The complexes with Fe? Ca, Zn, are now being tested at Wingello state Forest. Another complex? ammonium phospho­sulphate, made by reacting ammonium phosphate with ammonium sulphate and pelleting, has now been launohed on the Australian market. Its grade is 16-20-0. Nitro-phos,phates, made by reacting rook phosphate with nitric acid in the presence of ammonia, have become popular in horticulture. A wide range of grades is available. 

Potash 

In Australia, potash is not often needed, espeoially in forestry. Two simple sJuroes are available. Potassium chloride, known in the industry as muriate of potash is tile cheaper souroe and of high analysis (0 - 0 - 60). Its main disadvantage is that it supplies chloride to which some plants are particularly sensitive. 
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The other source is potassium sulphate (40 - 0 - 50) which is mJre 
expensive, safer to use and provides 24% sulphur as a bonusQ In mixed 
fertilizers the source of K shJuld always be stated and for forestry 
practice should always be requested as the sulphate. 

Caloium 

The two usual sources of oalcium are gypsum and limestone. Gypsum 
is cheaper per unit of weight but contains 23% CaO as against limestone with 
about 50%. Per unit of element both are cheap fertilizers. Caloium sulphate 
(gypsum) is readily soluble and for most forestry uses Ilas the advantage of 
not raising the pH. Ground limestone gradually raises the pH and is not so 
soluble, and therefore not so fast acting as GYPsum. If magnesium is ever 
needed it can be added by using ground dolomite limestone whioh will supply 
nbout 20% MgO. 

Fertilizer technology is a rapidly expanding field. Products are 
highly competitive in price, and as tariff barriers fall will become even 
more competitive. In time fertilizers specifically priced and formulated for 
forestry use will appear. The expensive processing to fit raw nutrient 
sources for agricultural use is mostly not needed in forestry. Those who use 
fertilizers in forestry should therefore keep clearly in mind what they 
require in a fertilizer, because their need can often be filled with very 
little change in plant design or raw material input. 
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