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Abstract 

Promz'nmt European and American foresters and soil scien- 
tists have conduded that, conLrary to  popular beliel, succes- 
sive crops of conilers do' not in themselves cause serious and 
irreversible soil deterioration. Where deterioration has oc- 
currcd it  has been due lo man's ~ni~nzanagenzent in allowing 
such practices as litter removal to occur, and his failure to 
apply jertilisers to infertile sites. 

I n  New  Zealavld instances are reported tzllzere well-managed 
radiata pine forcsts have improved soil fertility. Where, on  
infertile sites, a decline in pozulh of the second crop has belen 
recorded, growth rates can be substantialZy increased1 by  the 
application of fertilisers. 

Recent statements that radiata pine causes serious soil 
deterioration havle received widespread publicity in New Zea- 
land. For example, in an editorial in the New Zealand Herald 
of 23 April 1976, it was claimed that pine folrests can exhaust 
the soil, eventually leaving an inert countryside. On 6 May 
1976, an article in the same paper based on a letter from 
W. R. McCregor said: "Many believe with very good reason 
that the growth oll pin'es in pure, even-aged stands is respon- 
sible for a serious permanent deterioration of the soil." The 
writer believed that any claim that soil coriditions could be 
improved by the grolwth of pines was a "manifest absurdity 
positively contradicted by an abundance olf world-wide ex- 
periencc". 

In view of the fact that New Zealand is at present planting 
some 50 000 ha of radiata p i ~ e  per year it seems boith timely 
and appropnate to consider the facts of the matter more 
carefully. This paper examines publishad and unpublishe~d 
data fmm New Zealand and overseas on the subje~ct of sail 
deterioration which, folr lack of a previous delfinitioa, is taken 
as: "any alteration in chemical or physical properties of a 
soil which reduces the productive potential of a site". 

NORTHERN HEMISPHERE EXPERIENCE 

Evidence for soil detlerioratioln under conifers comes almost 
solely from Europe, and goes back at least into the last cen- 
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tury. It is a fact that very severe soil deterioration occurred, 
resulting in tree growth being dacreased by as much as 73% 
(Wiedemann, 1950); hoiwever, what is nolt generally recognised 
is that the soil deteirioiration was not principally due to, the 
trees themselves but $01 the foirestry practices of the day. Many 
olf the soils planted in trees were very infertile to start with, 
and it was the remoival of litter folr me  as animal bedding that 
was the cause obf the further deterioration in sojil nutrient 
status. 

Baule and Fricker (1970) give a detaileid revlew of this sub 
ject, quolting many references to severe soil deterioration 
caused by repeated litter removals and giving instances of 
sites where the soil was so infertile to start with that only 
one removal caused appreciable and lasting declines in tree 
growth. These autho'rs als'ol report evidence of the productive 
capacity olf degraded sites being restored in a relatively sholrt 
time by the introduction o~f legumes under stands, or the 
application of mineral feriilisers - principally nitrogen. 

In 1946, Lutz and Chandler, examining the topic of "Soil 
Deteriolratioa resulting from Pure Stands", quoted from two 
of the foremost G m a n  authorities on iolrest soils. Wiede- 
mann (1925) in a second edition of his 1923 report indicated 
that the serious $deterioration of mineral soil had been welr- 
emphasised in his earlier publication. In his own words, the 
deeper he went into the question of soil deteriolratioln, the 
less justification he found for extreme pessimism. Krauss 
(1928) stated "that it was an exaggeration o~f the facts to 
say that the centuries olf spruce culture had resulted in clearly 
proven general deterioration of the forest soils in the Saxon 
state fo~rests". 

More recently Stone (1973) carried out anolther cornpre-e. 
hensive review of the subject. After considering (amongst 
o~ther human activities) burning, charcolaling, coppicing, litter 
gatheiring and various forms of cultivation, he states "The 
full extent of this exploitation is commonly unrecognised 
even by Eur~pean foresters . . .". The final sentemce in his re- 
part is: "One is driven to the conclusion that much of the 
famed European experience with rapid soil deterioration 
under conifars has little real meaning in modern Europe 
and still less in the Unitdd States." 

Page (1968, 1974) studied soils under conifers in Wales 
and Newfoundland and found little or no deteriolration during 
one roitation. Rollfe and Roggess (1973), after studying soil 
conditions un~dkr old field and foirest cover, found that "The 
introlduced pine sera1 stage has considerably ameliorated soil 
conditions since abandonment from agriculture". Fischer and 
Eastburn (1974), in evaluating the changes in a prairile soil 
20 years after afforestation, found that pine and larch had 
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caused no change in bulk density, exchangeable bases, pH 
ozr organic carbon in the top soil, but there had been a signifi- 
cant increase8 in nitrogen. 

Bonneau (1973) discussed evidence from research in Europe, 
Australia and New Zealand and concluded that conifer plant- 
ing results in reduced biological activity in the Ilumus, lower 
pHs and lower calcium levels in the soil but not a degrada- 
tion of the soil as such. 

NEW ZEALAND AND AUSTRALIAN EVIDENCE 

To turn specifically to radiata pine in New Zlealand, its pos- 
sible detrimental effects on the soil were being discussed over 
60 years ago - long before large-scale plantings began. Cock- 
ayne (1914) wrote "There is a widespread belie[ that Pinus 
radiata is a great soil exhauster and that ground olnce occu- 
pied by this tree becomes very infertile". Holwever, he studied 
a soil that had carried a 35-year-old plantation and concluded: 
"It is evident that the growing of Pinus radiata, instead of 
weakening the soil fertility has the very opposite effect." 

Since that time large areas 06 radiata pine plantations have 
been established on a wide range olf soils in Australia and 
New Zealand. Soil deterioration under pines on pumice soils 
in New Zealand was suspected when, in the 1940s, bleached 
zones and layejrs low in organic matter, similar in appearance 
to the A2 horizon of a poldkol, were found. I t  is n~ow evident 
that the bleached areas ave not a result of podzollisation but 
are centres of fungal growth, prlobably indicating intense 
mycorrhizal 'o~ol activity and ellicient transfer of nutrilents to 
the trees (Will, 1968a). Complete rehumification of the soil 
occurs later in the life of the trlee crop or  atter clearfelling. 

On infertile soils developed from Moutere gravels (Chitten- 
den et al., 1966) near Nelson, Whyte (1973) found evidence 
of a drop in production of some second-rotation stands. Simi- 
lar second-rotation decline has been observed on infertile 
sanldls in South Australia (Keevcs. 1966). This drop in pro!- 
ductivity has been attributed to less favourable physical, 
chemical or  biological soil conditions and has stimulated a 
number of lines ojf research. The latest results available from 
both New Zealand (Mead, 1974, 1976) and Australia (R. V. 
Woods, pers. comm.) indicate that any lolss in productivity 
can be more than offset by applying fertilisers. 

I t  must always be remembered that, Iike other productive 
forms of land use (e.g., agriculture), the removal of forest 
pro~duce frolm the land includes a removal olf nutrients. Just 
as it is the accepted practice to apply fertilisers to1 replace 
nutrients removed by food crops and animals, so the use of 
fertilisers in forestry must be regarded as an essential part 



EFFECT OF RADSATA PINE ON SOIL 25 1 

1 TABLE 1: QUANTITIES OF IJU'TR!ENTS REMO17ED BY 
HARVESTED PLANT CROPS (kg/ha/yr) 

I 

N P K Ca 

Pinus radiata" (average over life of 
one rotation) . . . . . . . . . . . .  4.4 0.06 5.4 3.6 

Grain crops? . . . . . . . . . . . .  60-70 10-1 5 60-70 6-21 
Potatoes? . . . . . . . . . . . . . . . .  80 5 100 3 
Lucerne? . . . . . . . . . . . . . . . .  155 16 110 120 

"Will (196813) 
?Fried and Broeshart (1967) 

of sound folrest management. Removal of nutrients in trce 
c r o p  is small in comparison with other crops (see Table I ) ,  
and in some soils nutrient reserves are high enough to supply 
several tree crops before fertilisers are needeid. However, fast- 
growing tree crops like radiata pine will eventually require 
some fertiliser additions to' maintain maximum growth on 
most soils. 

Hamilton (3965) found that on dry sclerophyll forest sites 
comersioa from Eucalyptus spp. to radiata pine resulted in 
less favourable organic mattcr content, bulk density, and 
chemical propertks; ho~weve~; on wet sclerophyll sites there 
was substantially less (or no) reduction in "fertility". Most 
New Zealand pine plantations are cn  the equivalent of the 
latter type olf site and the evidence to date is olf soiil improve- 
ment in many cases. On an eroded clay soil in North Auckland 
Ballard (1972) showed that the application of superphosphate 
to radiata pine had not only improved the soil chemical pro- 
perties but, by stimulating tree root activity, had lowered the 
water table and improved the physical condition of the soil. 
On coastal sands the planting of pines, after an initial phase 
of marram grass and tree lupins, has resulted in the very pro- 
ductive use of what is as yet hardly a soil. I11 thinned and 
clearfelled areas on these sands, the vigorous growth of weed 
spi3cies, previously absent from the area, gives evidence of the 
incre~ased "soil" fertility (Gadgil, 1971). 

CONCLUSIONS 

Overseas and New Zealand research and experience provide 
no evidence to support the popular misconception that pure 
coniferous forests cause slerious and irreversible soil deteriolra- 
tion. Where deterio'ration has been olbserved it has largely bteen 
caused by man's mismanagement and explolitation. Even where 
this has occurneidl the introduction of sound managcment sys- 
tems, particularly th'e use of fertilisers, has rectified the posi- 
tion. 
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