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Review of Douglas-fir (Pseudotsuga menziesii)
nutrition in New Zealand.

T.W. Payn and J.A.C. Hunter-Smith
Soils and Site Productivity Group,
N.Z. Forest Research Institute
Private Bag 3020
Rotorua.

INTRODUCTION.

A review of the state of knowledge of the nutritional characteristics of Douglas-fir in New Zealand was
requested by the newly established Industry/NZ FRI Research Cooperative in 1993. This report contains
that summary. Douglas-fir makes up approximately 5% of New Zealand's plantation resource (NZFOA,
1993), but has received little research emphasis compared to that of radiata pine in recent years. Given the
increasing interest in the species, and value of the timber, a shift in emphasis has been seen. This review
covers nutritional information available in New Zealand, a summary of past research carried cut and a
synthesis and recommendations for Douglas-fir nutritional research in the future,

EXISTING FOLIAGE DATA

The foliage database kept at the NZ FRI Forest Nutrition laboratory was searched for all data on Douglas-
fir. There were only 157 records on the database, and the majority of these were associated with three
fertiliser trials, the remainder were diagnostic samples submitted for fertiliser prescription. Although the
analytical results are likely to have been affected by fertiliser treatments, summary statistics for each
element are shown in Table 1.

Table 1. Summarised foliage data for Douglas-fir samples available on the NZ FRI Forest Nutrition
Database.
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Published 'critical levels'

A series of critical levels for Douglas-fir were obtained by the NZ FRI from Canada (reference unknown),
and others were extracted from published literature, these are summarised in Table 2. These critical levels
refer to the foliar nutrient concentration below which growth is likely to be reduced due to a deficiency of
that particular element. Compared lo P. radiata critical levels for New Zealand the levels seem relatively
high, especially the Canadian values and those of Turner ef af. (1988). Generally P, K and Ca levels are
high compared to radiata while published Mg levels are very variable. Given that Douglas-fir is slower
growing than radiata this may indicate that the critical levels in New Zealand may be lower than those
from overseas.
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Table 2. Critical levels for Douglas-fir from literature.

%

- 20 11
- 10.0 3.5
- 5.0 1.0
- 2.0 0.7
- - 8

Fertiliser experiments in New Zealand.

Two fertiliser trials are on record in the Nclson region, In the first trial (NN468) nitrogen was applied 10 a
15 year old stand at 100, 200 and 300 kg. ha"l. Three years after fertilisation there had been no
improvement in either foliar nutrient concentrations or tree growth in the treated plots. Foliage
concentrations are shown in Table 3.

Table 3. Foliar nuirient concentrations in NN468 three years afler trial establishment.

14.6 1.3 8.0 4.5 1.5 30
13.0 11 74 57 14 30

The second trial in Nelson (NN412) was in 2 45 year old stand of Douglas-fir that had recently been
thinned. Nitrogen was applied at the rate of 200 kg, ha"! but did not improve either tree growth or foliar
concentrations of N, P or B (Table 4).

A trial in Southland (S§D622/1) where foliar P concentrations were 0.6 g. kg showed a strong response lo
a mixtore of N and P fertiliser. Treatment consisted of 500 kg ha"! DAP in 1980, followed by 400 kg. ha'
Urea in 1981 and a follow up of 500 kg.ha"! in 1984. Foliar P concentration was raised from 0.6 g. kg‘ to
1.6 g kg'l two years afier fertiliser application and diameter increment doubled. Belton and Davis (1986)
reported successful treatment of a phosphorus deficiency in 18 year old Douglas-fir Frowmg on a yellow
brown earth in the Canterbury high country. Foliar P concentrations were 0.8 gkg™" in the arca showing
poor health, while adjacent healthy looking stands had foliar P concentrations of 1.0 g, kg .An
application of 100 kg.ha™ 1 P more than doubled basal area growth and shoot growth increased by 38%
two growing seasons after trial establishment, No response to N, (foliar concentration 9.0 g.kg" ~1), was
recorded.



A fourth trial, RO2015/2, was established in 1985 plantings in Whakarewarewa forest. Foliage analysis
was conducted on this trial, and it appeared that the fertiliser treatment had had no effect on foliar
nutrient concentrations. The trial has not yet been written up and no growth response data is readily
available.

Three studics into the biomass production of Douglas-fir have been done, two are published (Kay 1978,
Madgwick 1982) and the third is presently being undertaken by Nordmeyer and co-woikers at three South
Island high country sites. This third study will yield considerable nutritional information relating to the
growth patterns and nutrient uptake rates of the species. The other two studies did not investigate nutrient
contents in NZ Douglas-fir stands.

The resuits presented here suggest that critical foliar concentrations for N and P are likely to be lower
than some of the published overscas figures. Growth responses to N were not recorded where foliar
concentrations were of the order of 13 to 14 gkg™1 , so critical levels are likely to be below this. For
phosphorus, a growth response at 0.8 g.kg‘1 was reported by Belton and Davis (1986) where healthy
stands had a concentration of 1.0 g.kg™l. A response was obtained at 0.6 g.kg"! in the trial in Southland.
This would suggest that critical levels may be around 1.0 g.kg'l.

NZ FRI Forest Health Database.

This database contains summaries of forest health surveys carried out in New Zealand since the 1960s, A
search for record associated with Douglas-fir produced the listing shown in Appendix 1. Records are
based on visual observations and comments are included. Of interest is the common reference to early
problems with poor myccorhizal infections, This species does very poorly in the absence of mycorrhizae,
or the presence of an unsuitable type. This problem was eliminated once all nurseries were infected with
suitable mycorrrhizal species which ensured a good crop of mycorrhizae of planted seedlings. Given the
interest in increased D. fir planting and the establishment of new nurseries to serve the forestry industry
this aspect should not be overlooked. General chlorosis has been reported from a number of forests around
the country, but this has rarely been followed up with foliage analysis except in the Nelson region where a
number of diagnostic foliage tests have been performed confirming low N and P concentrations in some
instances.

Nutritional experience internationally.

Nutrient deficiencies in Douglas-fir reported internationally have included nitrogen, phosphorus,
potassium, magnesium, boron, copper, iron and manganese. The majority of research has been on
nitrogen nutrition. Growth responses to fertiliser have been reported for most elements. A good general
summary is the booklet produced by Walker and Gessel (1991). The importance of foliar and soil N:P
ratios and soil C:N ratios in predicting responses to N and P was indicated in a number of references
(Radwan ef al. 1991, Gessel et al. 1990, Mohren et al. 1986, Edmonds and Hsiang 1987, Peterson ef al.
1984)

Future direction of Douglas-fir Nutritional Research in New Zealand.

In summary the information related to the nutrition of Douglas-fir in New Zealand is extremely limited.
We have no tested foliar critical levels to allow us to evaluaie nutrient limitations to growth in plantation
stands. There is litile information on fertiliser responses with only four documented fertiliser trials. The
Toliage database for the species is very limited. The requirements for developing tools to manage Douglas-
fir nutrition are therefore extensive as it is a case of almost starting from scratch. The sort of questions
that will need to be answered when managing Douglas-fir stands will include: is stand productivity
limited by a shortage of one or more nutrients; how would growth be improved in a autrient deficient



stand by the addition of fertiliser; what types and rates of fertiliser are appropriate; and how do the
pervious three points relate to the genetics of the species?

Areas that will need to be addressed are:

¢ Determination of foliage critical levels

e Development of detailed picture of foliar nutrition of the species within NZ
¢ Identification of limiting nutrients and appropriate treatments

Determination of foliage critical levels

These can be developed in two ways. As part of a field trial programme where the effects of various
application rates of an element upon foliar nutrient concentration can be measured. This is then related fo
tree growth and the critical level determined. This is generally defined as the foliar nutrient concentration
at which the tree is growing at 10% below its maximum expected productivity. The vehicle for this
approach is therefore a number of ficld trials with varied rates on applied nutrients. The critical levels
can also be developed in a glasshouse environment where seedlings are used to quickly determine
optimum concentrations for growth in the foliage, This is how Will (1961) first set critical levels for P.
radiata, It has the advantage of speed and economy, all nutrients can be evaluated in pot experiments in a
short time and in combination with other elements. This is difficult with field experiments as only certain
combinations of nutrient treatments can be used at certain sites. We would suggest that this approach has
a high priority. Critical levels would be refined as field experiments were installed and began to yield
results,

Development of a detailed picture of foliar mutrition of the species within NZ

A limited picture of foliar nutrition of Douglas-fir exists for New Zealand, this should be augmented by a
systematic foliage sampling strategy for the species. Foliage samples should be taken as a routine stand
management operation similarly to the P. radiata foliage sampling programs. Possibly when stands reach
the age of 4 in the case of recent plantings. Sampling methodology is the same as for P. radiata. Take
samples from the current year's mature needles on secondary branches in the top third of the crown.
Sample 15 to 20 separate trees per sample unit and bulk into one composite sample. Samples should be
taken in February to March, Samples should be stored in plastic bags and dispatched to the NZ FRI
laboratory immediately. If this is not possible samples should be refrigerated until sent. This sampling
strategy is not based on as extensive rescarch as went into setting the methods for P. radiata but the same
processes should apply for this species and it is probably best to keep foliage sampling to one period of the
year for all species. Foresters can take these samples, and if all details of the stands are recorded and NZ
map grid co-ordinates are included, the results will contribute 10 the national database. As an incentive to
Co-operative members to increase their knowledge of Douglas-fir the NZ FRI Forest Nutrition Laboratory
will offer a two for the price of one special offer for the 1995 sampling season on this species. Send in two
samples for the basic plant test of N, P, K, Ca, Mg, B, Mn, Zn, Fe and Cu and pay for one!.

Identification of limiting rnutrients and appropriate treatments

At the NZ FRI we are aware of Douglas Fr plantings where foliar concentrations of N, P, Mg and B are
likely to be low. Given our knowledge of New Zealand soils and the distribution of Douglas-fir plantings
these are the elements most likely to need further investigation. Field experiments will be necessary to
investigate field response 1o fertilisers over a range of sites represeatative of Douglas-fir plantings.
Initially one trial is planned for the 1994/95 year to investigate N, P, Mg and B responses on a site where

! To a maximum number of samples per company, please contact the Laboratory Manager Jean Prince on
07 3475 899.



it is already exhibiting visual deficiency symptoms of these elements. Further work will need to be
planned as the picture of nutritional status is built up around the country by the foliage sampling program.
As there will be a strong genetic component within the Cooperative programme for the next few years it is
suggested that there is strong collaboration between the genetics work and the nutritional work planned to
ensure that nutritional management is linked to future breeding populations as well as current genotypes.
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Appendix 1. Output of search of NZ FRI Forest Health Database: Occurrence
of health problems in Douglas-fir in New Zealand.
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