
LONG-TERM ASPECTS OF NUTRIENT LOSS 
FROM FOREST SOILS AND ECOSYSTEMS 

Abstract 

Examination ?/ comnzon forest nzanagemrnt practices shows 
tkat all have some impact on roil and ecosystem resources, 
wi th  consequent implications for  long-ten77 site produciivity. 
Nutrient gains may occur in  the case of fertiliser additions, 
or nutrient losses as in  most logging and site prepavation 
practices. Nutrient losses aye Zike1.y to  be most significant In 
10.~1-nutrient ecosystems suck as are found an strongl:) 
weathered and leached soils. The routine adoption of maiw 
tenance fertiliser ~ rogrammes  in foresl stands is proposed to 
replace nutrients removed during logging. Such fertiliser ap- 
plications i.vottld help maintain long-term site producfivity and 
avoid an otherivise inevitable future decline in crop yield. 

INTRODUCTION 

The impact of forest management practiccs on soil and 
ecosystem res~ources has assumed considerable importance 
in recent years, with the increasing emphasis on minimising 
man's disturbance to the environment. Several overseas 
studies have investigated the environmental effects of man- 
agement practices such as clearfelling, burning and mad 
construction, but it is only recently that studies into similar 
aspects 0 1  forest management have been initiated in New 
Zealand. These studies are long term and in some cases re- 
sults cannot be expected for a number of years. In the meail- 
time, it is desirable to recognise the broad impact of common 
forest management practices on sojil and ecosystems re- 
sources. 

The following discussion is written 1rol-n the point of view 
of a soil scientist, and as such may differ in philosophy frolm 
that of a forester or a soil conservator. The attitudes to forest 
management of these three broad groups undoubtedly differ. 
They tend to operate on different times scales, with thc 
forester essentially being concerned only with the relatively 
short-term effects of management: the solil conservator and 
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soil scientist in contrast operate on a much longer time scale. 
While the forester is primarily concerned with aspects of sitc 
establishment and forest management which will lead to 
the maximum production of merchantable timber, the soil 
conservator is particularly concerned with thc possibility oi 
a sholrt-term practice creating an irreparable loss of or altera- 
tion to the soil resource. The soil scientist, in addition to this, 
is concerned with the chemical and physical aspects of any 
such change, and its impact on ecoaystein development (in- 
cluding pedogenesis) and hence long-term site prolductivity. 

This paper examines long-term aspects of nutrient loss from 
forest soils anid ecosystems under some current New Zealand 
forest management practices. The main pathways of nutrient 
loss are, in approximate order olf significance, erosion or  re- 
distribution of soil nutrients during the construction of log- 
ging roads and hauler tracks, clearfelling, burning of logging 
residues, and windrowing. Each of these pathways is dis- 
cussed, as is the possible adoption of maintenance fertiliser 
programmes in order to counteract nutrient losses. 

NATURAL ECOSYSTEMS 

In mature natural forest ecosystems, nutrients are cycled 
extremely efficiently and losses frolm the system are minimal. 
They do occur. however, for nearly all elements, as has been 
clearly shown in a number ojf papers from this department 
in recent years, many of which have bcen summarised by 
Walker and Syers (1976). A typical pattern of nutrient loss 
with increasing soil (and hence ecosystem) development is 
shown in Fig. 1 for total soil phoisphorus content in the 
Reelton chronosequence (Tan, 1971 ; Campbell, 1975). Bc- 
cause total biomass phosphorus is generally much lolwer 
than total soil phosphorus, it can be reasonably assumed that 
total ecosystem phosphorus contents follow a similar pattern 
of decline. T,wo points should be emphasised in Fig. 1, the 
long time scale being considercd, and the asymptotic nature 
of the curve. This asymptotic pattern of nutrient decline 
with advancing ecosystem development is observed also1 for 
other elements such as calcium, magnesium, and potassium. 
Nitrogen is perhaps the most important exception, showing 
an initial rapid, then much slower, accumulation, followed by 
a similar asymptotic decline to that observed for phosphorus. 

The time scale over which a given ecosystem nutrient loss 
occurs decreases with increasing rainfall and hence leaching 
rate, but it is always very long colmpared with the usual time 
scales being considered in forest management. Net nutrient 
losses on an annual basis 'we therefore virtually zero. This 



N.Z.  JOURNAL O F  FORESTRY 

HOKTIKA SERIES k 

L 
2b 40 $0 L 160 I& 

TIME (YEARS x103) 

F I G .  1 :  Changes in total soil phosphorus with increasing soil development 
in the Reelton chronnsequence (Campbell, 1975). Chnngcs in ecosystem 
phosphorus are assumed to follow a similar trend. The approximate posi- 
tion of t > ~ - o  Westland ~oilr -- Hokitika series (high nutrient ecosystem) 

and Blackball hill soils (low nutrient ecosystem) - are shown. 

may explain the sometimes coinflicting results obtained from 
short-term catchment olr lysimeter studies investigating the 
relationship between nutrient inputs to, and outputs from, 
forest ecosystems. 

I t  is important to recognise that the impact of nutrient re- 
moval is most significant in forest ecosystems in an advanced 
stage of development - that is, in low nutrient ecosystems. 
This fact was pointed out by Renizie (19.55), but in recent years 
has been rather* overlooked. 

Excellent examples of low nutrient ecosystems arc pro- 
vided by the podocarp-hardwood and beech-padocarp forests 
of the West Coast hill country. Virtually all West Coast h;ll 
soils are very low in most essential plant nutrients (particu- 
larly pholsphorus), being comparable with the high terrace 
soils oE the Okarito series which are well known for their 
infertility (Adams and Mew, 1976). Consequently, the organic 
cycle dominates ecosystem nutrient dynamics on West Coast 
hill soils, with probably only a very minor contribution from 
the mineral soil. 

The approximate position of the majority oC West Coast 
hill soils in terns  of soil, and hence ecosystem development. 
is shown by the Blackball hill soil in Fig. 1 .  
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FOREST MANAGEMENT PRACTlCES 

Forest management practices may be divided into logging, 
together with roading and skid or hauler track construction; 
site preparation practices such as burning and windrowing; 
and practices such as fertiliser applications which are dc- 
signed to improve site production. 

Logging Practices 

(a )  Cleavfelling 

The major impact of clearfelling on soil and ccosystem re- 
sources is in the loss of nutrients removed from a site cs 
logs. Clearfelling thus accelerates the natural rate of em- 
system deterioration. 

A number oC studies have suggested that nutriznt removal 
through logging is of little silvicultural significant-c, particu- 
larly where stemwood only is removed (Malkonen, 1976). How- 
ever, most of these studies appear to have been conductcd 
in forests on long rotations on relatively weakly weathcrcd 
soils, that is, in high nutrient ecosystems. It is important to 
rccognise that the same may not be true of low nutrient eco- 
systems. 

Adams and Mew (1975) have calculated the approxiinate 
potential nutrient removals from a beech forest ecosystem 
after removal of the standing beech and three crops (100 
years) 0 1  radiata pine with intercrop burning. Although scveral 
assumptions were necessary in this calculation. it neverthe- 
less serves to illustrate the differing significance of nutrient 
removals from high and low nutrient ecosystems. 

Figure 1 shows that, for the Blackball hill soil, app~uximate 
removals of phosphoms (200 kg/ha) over this 100 year inan- 
ageinent period :-epresent approximately 15% of the total 
soil phosphorus. A removal of this magnitudc in 1!)O years by 
man represents a loss of phosphorus from the ecosystem 
approximately equivalent to that occurring in 20 001) ycars 
in a comparable undisturbed ecosystem. The comparative 
effect olf logging low and high nutrient ecosystems is shown 
by a similar management regime on Hokitika soil3 (Fig. i ) .  
Hokitika soils occur on floodplains in Westland and repre- 
sent a high nutrient ecosystem, still accumulating nillogen 
and with a plentiful supply o'f plant-available phosphate. In 
that case, 100-year removals of phospholrus account for ap- 
proximately 3% only oE the total soil phosphorus, and rcpre- 
sent a loss approximately equivalent to that ocurring in 1000 
years in a comparable undisturbed ecosystem. In  comparison 
with a low nutrient ecosystem, the effects of such losses on 
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long-term forest prolductivity are unlikely to be significanl. 
Obviously the co~mparison between high and low nutrient 
ecosystems would be enhanced if more intensive management 
(such as whole-tree harvesting) was introlduced, with in- 
creased amounts of nutrient removal. 

(b )  Roading 
The possibility of accelerated mass-wasting resulting iroln 

poor design an& construction practices during forest roading 
has been discussed in detail by O'Loughlin ( 1974). Miss-wast- 
ing has also resulted from the conversion of native forests 
to radiata pine plantations on hill country underlain b y  u11- 
stable parent rocks (O'Loughlin, 1977). 

The deleterious impact of mass-wasting on \oil resources 
is obvious. Removal of topsoil, and oitten subsoil as well, re- 
moves coasiderablc quantities of nutrients from the cco- 
system. As discussed in the previous section, this is particu- 
larly important in low nutrient ecosystems where the organic 
cycle is the dominant factor governing site fertility. Thus, 
analysis of data Erolm West Coast forcst soils shows that 
typically about 70% of the total nitrogen in the tree rooting 
zone would be lost following erosion of the forest floor plus 
A horizon. About 60% of the acid-soluble phosphate (normally 
considered plant-available) would also bc lost. On less strong- 
ly weathered and leached soils, these proportions would Le 
lower but still significant. Nutrient losses of this magni- 
tude would probably never be replaced naturally. Even 
with the addition of artificial Certilisers, the lack of organic 
matter would undoubtedly hinder a Pull return to thc original 
site productivity. 

( c )  Skiddev  and Hati1c.r Logging 
The extent of nutrient loss or  redistribution during skicitlcr 

or hauler logging is proportional to the degree oE ground dis- 
turbance that occurs. I t  is therefore necessary to distinguish 
between logging on relatively flat land and on hill country. 

Data on the extent olf ground disturbance on f!a? or nrar 
flat sites are limited, but a recent New Zealand study (Herbert 
and Beveridge, 1977) found that more than 25% of the total 
ground area had been disturbed by machine (skidder) move- 
ment during a selective logging trial in dense podocarp forest 
in the Taupol area. On a moderately sloping (6-11°6~ site in 
Oregon, Dyrness (1965) found that 35% of the area had some 
soil disturbance under tractor (skidder) logging. A further 
27% of the area sholwed colmpaction of the mineral s d .  

The impact of hauler logging is significantly less than ?hat 
from skidder logging. A recent study oE soil disturbance in 
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relation to logging practice in hill country of British Co1umt;ia 
(Bockheim et  al., 1975) showed that high-lead (hauler) kg-  
ging disturbed' 59% of the total slope area compared with 
87% focr skidder logging. That study also showed a marked 
difference in the nature olf the soil disturbance. Thus slcidder 
logging caused a much greater prloprtion ( 5 8 % )  of subsoil 
exposure than did hauler logging. (1 1 %) where the main dis- 
turbance was to the forest floior. Observations in several hicw 
Zealand forests suggest that a similar situation probably 
obtains. 

Soil disturbance invoilves a redistribution rather than a 
loss of nutrients within the ecosystem. However, the nutrients 
may be effectively lost if seedling establishment is hindered. 
Again the situation is most significant in loiw nutrient eco- 
systems. 

Pr e-planting Practices 

Replanting management is considered here to represent 
those management practices which are used p i o r  LO re- 
planting, either during the conversion of indigenous forest 
or scrub to exotic forests, or between exoltic forest rotations. 
The impact of two practices will be considered: burning, and 
windrowing. 

( a )  Burning 

The use of burning. to improve site accessibility and in- 
crease soil nutrient availability (due to the ash-bed effect) 
is a common feature olf foirest management in many parts 
of New Zealand. 

There are disadvantages to burning, however, which until 
recently were often overlooked: it causes a significant loss 
of nutrients from the ecosystem, and a major disruption of 
the ecosystem's biology. The main nutrients lost are probably 
nitrogen and sulphur, but losses olf phosphorus, calcium, niag- 
nesium, and potassium, and possibly solme trace elements, 
also occur. These losses occur through volatilisation (c.g., 
nitrogen and sulphur as olxides), in particulate matter ( smoke 
and ash), and by leaching olf the ash layer following burning. 
The magnitude of leaching losses probably depends largely 
on the timing and intensity of rainfall following burning and 
is less than amounts lost by the other two pathways (Gricr, 
1972). 

The magnitude of volatilisation and particulate losses may 
be quite large. In Douglas fir and Polnderosa pine stands, in 
Washington State, Grier (1972) reported losses frolm volatilisa- 
tion and convection of up to 90% af the nitrogen, 60% of the 
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phosphorus, and 20% of the calcium, magnesium, and ruLas- 
sium in the slash material which fuelled the fire. Thou@ other 
overseas studies have reported losses lower than those of 
Grier for some elements, they are still significant in terms 
of their potential impact on ecosystem dynamics. 

As with nutrient removals with logging, the significance 
of such losses depends on the nature of the ecosystem being 
considered, with the impact being greatest in low nutrient 
ecosystelms. Application oif Grier's data to a low nutrlent West 
Coast ecosystem shows that burning losses 01 nitrogen over 
100 years during the management regime discussed earlier 
may reach approximately 1000 kg/ha (Adams and Mew, '975). 
This represents about 12% of the total ecosystem nitrogen. 
Although this represents an annual loss rate which is prob- 
ably within the potential replacement capacity of free-living 
nitrogen fixers, it is currently unknown whether such crgan- 
isms are active in West Coast forest soils. In view or the 
typically declining nitrogen content of natural ecosqstcms at 
the stage of development common to West Coast hill soils 
(Campbell, 1975), it would seem to be rather doubtful. One 
would expect, however, that additions of phosphate Certilisers 
would increase the possibility of non-symbiotic nitrogen fiua- 
tion. One hundred year losses oC about 70 kg/ha of phosphorus 
might also occur (Adams and Mew, 1975), representing about 
35% of the available soil phosphorus, and about 5") of the 
total ecosystem phosphorus. Although this total loss is lower 
than that for nitrogen, it must still represent an importanl 
decline in a low nutrient ecosystem (Fig. 1). 

The New Zealand Forest Service and Lincoln College are 
currently conducting studies of the magnitude and extent 
of burning losses under New Zealand conditions, at Kainga 
roa and near Reefton. Results have not yet been published, 
but, from the overseas literature on the subject, there seems 
little doubt that significant losses of a number of nutrients 
will be observed. 

(b  ) Windrowing 

Windrowing is a common feature of Corest niar~agement. 
While used primarily to improve site accessibility, it may also 
have a beneficial effect on site nutrition where the windrow 
is burnt, giving an ash-bed effect (Humphreys and Lamberl, 
1965). 

However, windrowing also appears to have a potentially 
detrimental effect on lolng-term soil resources and site nutri- 
tion, recognised only recently ( Webber, 1977). Generally. sig- 
nificant quantities of topsoil are bulldozed into the windrows, 
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which are then burnt or left to rot down. The result is a site 
microrelief of small ridges across the area, the ridges con- 
sisting of topsoil from the s u r r w d i n g  area, with a relatively 
high organic matter content resulting from the decomposi- 
tion oif the windrowed material. 

This microrelief would be expected to havc some eiEect 
on the water relations of the site, anld on physical soil pro- 
perties. Whether these site microrelief changes are likely to 
be beneficial or detrimental to tree growth is difficult to pre- 
dict without research. However, prediction is more certain 
regarding the impact olf topsoil removal. For example, on 
Lismore soils in Canterbury, inefficient windrowing causing 
removal of the top 7.5 cm of topsoil would redistribute 
2360 kg/ha of nitrogen, representing approximately 25% of 
the total soil nitrogen, from the inter-windrow areas to1 the 
windrow itself. This degree of topsoil removal also represents 
15% of the potential soil volume available for tree rooting 
(N.Z. Soil Bureau, 1968a, b).  This disruption to the natural 
soil patiern must lead to a marked decline in site ~:racluc- 
tivity in the inter-windrow areas or, many of the lypically 
shallolw, forested Canterbury soils. Such a decline coluld pos- 
sibly be overcome in part by respreading the windrows back 
across the site, once decompolsition of the slash was ~omplcte, 
but this is not current practice. 

Fertiliser Application 

Fertiliser application to forests has a positive impact on soil 
resources, except where it is carelessly applied to waterways 
rather than the land. This positive impact is particularly 
marked for phosphate fertilisers which appear to be rapidly 
incorporated into' the nutrient cycle. Losses of phosphorus by 
surface run-off or  leaching are unlikely to be significant in 
most New Zealand forests (Neary and Leonard, 1977), which 
are commonly planted on soils with a high capacity for phos- 
phate fixation. The increasing use of nitrogenous fertilisers, 
however, may lead to significant losses of nitrogen, particu- 
larly by leaching. Information on nitrogen leaching losses in 
agricultural systems is accumulating rapidly, and similar 
losses possibly occur in fo'rest systems. However, the 
losses could well be less than expected if nitrogen is accunm- 
lated rapidly into the nutrient cycle in a forest ecosystem. 
More research over a range of New Zealand soils is required 
to investigate this factor. In  absolute terms, leaching losses 
of fertilisers under fosrests will usually be considerably less 
than in agricultural systems, because of the lower flequency 
of fertiliser application. 
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Production forest managers have a rather different attitudc 
to fertiliser use than many other crop manager's. While pro- 
duction forestry is as much a cropping system as agriculture 
or horticulture (the only difference being jn the time span 
between lxrvests), fojrestry managers have tended to use 
fertilisers only under deficiency situations, in contrast to 
larmers and horticulturalists who recognise the necessity of 
annual fertiliser applications to prevent fertility decline. While 
successful attempts are now being made to improve produc- 
tivity in apparently nutritionally adequate forest stands (e.g., 
Wodlolns and Will. 1975), such situations have, until recently, 
been the exception. 

The regular use oC maintenance fertiliser applications in 
production forestry should be seriously considered. There is 
already sufficient information to estimate approximate nutrient 
removals from sites in both exotic and in~digenous timber 
(Will, 1968; Miller, 1963), and in burning. While this informa- 
tion is certainly approximate, it is undoubtedly of the right 
order of magnitude, and more data relating to  different vegc- 
tation types are appearing regularly. Rather than waiting 
for site productivity to decline, our solil resources should be 
conserved by adoptiong as a rolutine measure maintenance 
fertiliser additions to replace nutrients lost or ldemoved cur- 
ing forest harvesting. Such fertiliser additioins would of cciurse 
be required only once per rotation, rather than annually as 
in most agricultural or horticultural systems, but research 
would be needed to identify optimum timing and methods of 
application. 

The need for maintenance fertiliser applications is grealcst 
in low nutrient ecosystems but it should be considered for 
all production forest areas. The major benefit would be in 
preventing the otherwise inevitable (albeit long-term) ap- 
pearance of nutrient deficiencies and hence reduccd produc- 
tivity. 

Moist forest management practices appear to be based on 
their utility and practicality, with little attention given to their 
impact on the soil. They virtually all affect in some way the 
soil and ecosystem nutrient pods. There may be a gain of 
nutrients as in fertiliser additions, or a loss of nutrients as 
in logging, and many site preparatio~n practices. The extent 
of nutrient lo~ss depends on the manner in which a particular 
management practice is carrie~d out. Thus roading may cause 
only limited nutrient depletion if carried our with regard for 
soil and ecosystem resources, but losses may be very signifi- 
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cant if these resources are ignored. Correspo~idingly, wnole- 
tree harvesting would remove far greater amounts of all 
cutrients than conventional logging. The importmce of con- 
serving the soil resource in forest management needs particu- 
lar emphasis in low nutrient ecosystems, and foresters should 
be aware of the increased significance of poor inanagement 
practices on such soils. 

I t  is desirable also that folresters re-examine their approach 
to fertiliser additions. A tendency to1 use fertilisers ~ n l y  where 
an obvious nutrient deficiency or pro~ductivity dccline esists 
contrasts markedly with the widespread sdoption in this 
country of maintenance fertiliser programmes in agriculture 
and horticulture. When considered from a long-term view- 
point, the argument supprting maintenance fertiliser applica- 
tions to replace nutrients removed as logs or lost by other 
management practices is a strong one. 

More recognition of the potential impact of forest manage- 
ment practices on soil and ecosystem resources, wid a better 
understanding of the characteristics of the soils and eco- 
systems being managed, is required in olrder to maintain and 
if possible improve the long-term site prolductivity of many 
of our forest soils. 
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