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SYNOPSIS 
Tree-disease problems cannot be fully understood without a 

thorough appreciation of the part played by environmental factors, 
particularly climate, as precursors to fungal attack. The manifestation 
of many diseases often merely indicates unfavourable site factors, 
the presence of the pathogenic fungus being the result of an un
healthy condition rather than the primary cause of the tree's 
debility. 

In New Zealand some of the most important diseases of trees are 
due primarily to adverse climatic conditions. Injuries caused by 
frost, hail, drought, and saturated soil conditions are dealt with in 
this paper as predisposing causes of attack by various fungi, while 
warm humid atmospheric conditions are shown to be necessary 
for the development of several of the fungi causing leaf-cast or 
stem-canker diseases. 

The minimising of injuries due to such climatic conditions by 
means of improved silvicultural and management practices or by 
better site selection guided by a fuller understanding of a species' 
climatic tolerances is one of the major methods of disease control 
available to the forester. 

Introduction 
Forest mycology is a specialised branch of plant pathology dealing 

with the study of factors which bring about fungal diseases of trees. 
It differs somewhat from agricultural mycology by the very nature 
of the crop with which it is concerned. It can be said that many of 
the fungi which are associated with diseases are of a secondary 
nature, the primary cause of the diseased condition being some 
other factor of the environment. It is the purpose of this paper 
to enlarge on these two points and to emphasise the importance of 
climatic factors in the development of some of the diseases of 
trees, with particular reference to New Zealand experience. 

The Forest Crop 
The approach to the study of forest diseases is dictated partly 

by the type of crop with which we are dealing. Let us examine some 
of the characteristics of timber trees which are distinct from those 
of many agricultural crops. 

Scientific Officer, N.Z. Forest Service. 
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The immense size to which a tree crop grows - 50-200 ft in 
height - and the length of time it takes to reach a marketable size 
- from 20 to 100 years - are two important differences. These two 
features make a tree a very difficult subject for detailed study com
pared with agricultural crops, most of which are small in stature 
and mature at an early age, many in less than a year. The short 
life span of his crop gives the agriculturist an early opportunity 
of changing his species or provenance if a crop fails on any parti
cular site, such an opportunity is denied the forester, who is usually 
saddled with his missited species or unforeseen failures for many 
years once his trees are planted. 

Economically there is also a great difference, for the value of 
the forest crop per unit area is generally very low (£3-£6 per acre 
per annum) compared with the high value per unit area of many 
agricultural crops (potatoes £200, tomatoes £l,500-£4,200, lemons 
£400 per acre per annum). 

Control of forest diseases is one of the most difficult aspects of 
forest mycology. 

Direct control of a causal fungus by the application of pre
ventive sprays, as extensively practised in agriculture, is usually 
uneconomic owing to the low unit value of the crop, and practically 
impossible because of the size and longevity of the tree. For ex
ample, to protect a pine plantation from a leaf-cast disease caused 
by a leaf-invading fungus it might be necessary to cover thoroughly 
all the needles on each tree with a fungicide for at least two months 
each year, for 30 years or more, and this over an area of thousands 
of acres! Such an undertaking would not be impossible with modern 
equipment but would be highly unpractical and would certainly 
price the timber right out of the market. 

Breeding and selection for resistance to disease is another avenue 
of approach to disease control which has as yet a very limited 
value for the forester, owing to the longevity of his crop. For in 
order to be reasonably certain of an innate quality of disease re
sistance in a selected plant it is usually necessary to test it over a 
considerable period and through several generations. With the fastest 
growing trees this would take at least 50-100 years - a very long-
term programme. In fact, with breeding resistance to chestnut blight 
it has been postulated by Boyce (1957) that by the time a resistant 
hybrid of good timber quality is produced, the market for chestnut 
timber will be non-existent, since it will have been superseded by 
some other species or material. For native trees which may be 
quickly destroyed by an introduced pathogen Boyce (1957) says: 
"By the time resistant stock is developed, the tree may have so 
completely lost its place economically and silviculturally that it cannot 
be restored to its original position." However, in some instances 
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breeding and selection may be the only method of control of some 
forest-tree diseases and is possibly the best long-term method. 

Since the methods of protective spraying and breeding for re
sistance are not immediately applicable to forest disease control, 
the silviculturist has been forced to seek elsewhere for protective 
methods and this has led to the study of other contributing causes to 
disease, such as environmental conditions which predispose trees to 
fungal diseases. It is in this field of study that the forester some
times has a chance of preventing disease or at least minimising 
its effect. 

In New Zealand exotic forestry we have so far been troubled by 
few diseases, but many of those which have occurred have shown 
us the need for a thorough knowledge of the predisposing causes 
before we can gain a true understanding of the importance of the 
various factors leading up to fungus attack. 

Amongst others, it has been found that climatic factors have 
been of prime importance in many of our disease problems. Frost 
injury, hail damage, drought conditions, saturated soil conditions, 
and unseasonable humid warm conditions are amongst the most 
important. 

IMPORTANT CLIMATIC FACTORS 
Frost 

In New Zealand frost injury has been one of the most important 
adverse climatic factors in the establishment and growth of pines. 

In the 1930s, owing to an over-optimistic planting programme, 
large areas of Pinus radiata D.Don were planted on sites beyond 
their temperature range. On many of these unfavourable areas the 
young trees suffered severely from frost injury, particularly after 
late frosts. The frosted tissues, mainly young growth, were invaded 
by one of two wound parasites, Phomopsis strobi Syd. or Diplodia 
pinea (Desm.) Kickx., which accentuated the damage. Many young 
trees were killed, while those that survived became badly malformed 
by injuries received over successive years (Birch 1935 and 1936). 
Planting of species which flush early in spring and are therefore prone 
to late frost injury should be limited to areas relatively free from 
spring frosts. 

Young Douglas fir, Pseudotsuga taxifolia Britt., and European 
larch, Larix decidua Mill., are two other species which are susceptible 
to late frost injury in New Zealand. In most cases secondary infec
tion of injured tissues of these two tree species by wound parasites 
does not occur, although frosted Douglas fir is sometimes attacked 
by a Diplodia sp. or a Phomopsis sp. This type of injury is similar 
to that observed in England on a number of tree species (Murray, 
1955). 

In some areas of natural regeneration in Kaingaroa State Forest 
frost injury to radiata pine followed by Diplodia pinea attack has 
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caused widespread mortality. The affected areas were borderline 
sites for this species, but the first plantings survived and have pro
duced a reasonable crop of timber. However, large-scale felling oper
ations which commenced in 1954 appear to have degraded some 
of these sites. The felling pattern has been that of roughly circular 
patches 80-120 ac. in extent. On these flat, low-quality sites, this 
practice creates artificial frost flats owing to the clear-felled areas 
being surrounded by a dense wall of trees, over 100 ft high. This 
high side shelter has presumably aggravated the frost hazard and 
also the summer heat by reducing the amount of air movement 
close to the ground. On these areas early frost and/or summer-heat 
injury, followed by Diplodia pinea attack, have caused nearly 100% 
mortality in young regenerated seedlings. This problem has been over
come by leaving an overstorey of as few as eight trees to the acre. 
This amount of shelter has been sufficient to prevent frost and 
heat injury, and the seedlings remained free from infection by 
D. pinea (Mitchell 1959). 

Severe winter frost also appears to be the primary cause of sap 
rot and sap staining of standing living trees of P. radiata at Naseby 
State Forest in the South Island. In this forest, winter temperatures 
often stay so low that the sap in standing tree trunks becomes frozen 
to ice. Under these conditions the encased portions of branches 
of this pine species do not appear to become sufficiently impregnated 
with resins to prevent fungal attack. In some of the 40-year-old trees 
apparently suffering from heart rot, Diplodia pinea sapstain and 
various sap-rot fungi, including Stereum sanguinolentum (A. and S.) 
Fr., seemed to have gained entry to the core through the branch 
stubs. Infection of the trunks had occurred before the onset of 
heartwood formation, when the trees were not more than 6 in. in 
diameter at breast height. This fungal infection of the core sapwood 
had apparently prevented the transformation of much of it into 
heartwood in later years, so that the core wood consisted of sapstained 
and decayed sapwood interspersed with areas of sound heartwood. 
This damaged core was surrounded by a band of sound heartwood 
2-3 in. wide and an outer zone of sound sapwood. These trees also 
possessed many annual "false rings," which are also considered to be 
primarily due to low winter temperatures. 

Hail 

Both P. radiata and P. ponderosa are very susceptible to Diplodia 
pinea infection following hail injury. In New Zealand Grayburn 
(1957) recorded severe die back and death of these two species 
damaged by a severe hailstorm in December, 1956. The damage 
was quickly followed by Diplodia pinea infection. Die back and death 
of many P. ponderosa in a 20-year-old stand ensued within one 
month of the storm. The subsequent effect on 25-year-old P. radiata 
in a nearby State forest was a gradual dying of terminals and branches 
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over a period of at least two years after the storm. Except in this 
Canterbury area, hail injury is generally not serious in New Zealand. 
However, in parts of Australia and South Africa where summer 
storms are frequent, P. radiata and P. ponderosa have been severely 
injured by hail and subsequently heavily infected with Diplodia pinea. 
The subsequent die back is so severe that the planting of such areas 
with P. radiata has been stopped (Young 1936, Dun 1954, Kotze 
1935, and Laughton 1937). 

Drought 
Drought conditions, particularly abnormal drought conditions, have 

been shown to be the cause of various disorders of trees with or 
without an associated fungus pathogen. In New Zealand Curtis (1930) 
recorded Diplodia pinea associated with the die back of pines suffering 
from drought conditions in Marlborough. More recently, in 1954, this 
fungus was also found to be active in a small plantation of 15-year-old 
P. radiata suffering from drought on a stony soil near Masterton. 
During the 1955-56 drought in Canterbury many farm shelter belts 
and ornamental trees suffered wilting and die back. In most cases the 
die back was the direct result of lack of water, without any associated 
fungus pathogen, although in Douglas fir infection by a Diplodia 
species possibly accentuated the damage done. 

The "autumn brown top" disease of P. radiata in Australia was 
shown by Boomsma (1949) and Millikan and Anderson (1957) to be 
primarily due to severe soil-moisture stress brought about by over
stocking on shallow soils during periods of little rainfall and high 
summer temperatures. Severe die back occurred with or without 
secondary attack by Diplodia pinea. 

Birch (1936) describes a similar diseased condition of P. radiata 
in the pumice country in New Zealand, attributable to the same 
causes, which he called "stag head" and "red top" diseases. In 
Kenya, where apparently Diplodia pinea does not occur, Gibson 
(1958) again describes a similar diseased condition of P. radiata 
which is manifested in low-rainfall areas in unthinned stands at the 
time of crown closure. No pathogenic fungus has so far been 
associated with this disease in Kenya. In South Africa van der 
Westhuizen found that die back of P. radiata due primarily to Soil
moisture stress followed by Diplodia pinea attack could be kept to a 
minimum by good site selection followed up by a regular thinning 
programme. 

In New Zealand Rawlings (1957) postulated that drought was 
one of the main factors predisposing P. radiata to severe attack by the 
fungus symbiont of Sirex noctilio. 

Saturated-soil Conditions 
Saturation of the soil may be brought about by prolonged heavy 

rainfall, moderate rainfall on poorly drained soil, or river flooding. 
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Saturated soil has been found to cause disorders in many plants; the 
injury appears to be brought about by the changes which excessive 
moisture induces in the soil. 

The excessive mortality of Pinus radiata in farm shelter belts on a 
variety of sites throughout New Zealand after periods of abnormally 
high rainfall or flooding is possibly one of the best examples of the 
effect of saturated soil on the health of trees. In these cases the effect 
of excessive soil moisture was probably twofold - to predispose the 
trees to attack by a fungus and to favour the development of the 
fungus in the soil. 

Newhook (1959) investigated this mortality in the Auckland 
district following the excessively wet periods in 1953, 1954, and 1956. 
He found from sampling soil fungi that Phytophthora species, mainly 
P. cinnamomi Rands, were usually more abundant in the soil about the 
roots of dying trees than about the roots of apparently healthy trees. 

The following points, which are pertinent to this discussion, are 
implicit in Newhook's papers although he does not necessarily express 
them in this form. 

(1) The poorer the soil drainage, the higher the percentage of 
shelter belts showing mortality; on well drained soils 15% suffered 
some mortality, while on very poorly drained soils 49% suffered some 
mortality (Sutherland, Newhook, and Levy 1959). 

(2) Rootlets subjected to saturated soil conditions were particularly 
susceptible to infection by Phytophthora cinnamomi. 

(3) In potting experiments, heavily infected plants recovered within 
a relatively short time of the return of soil moisture conditions more 
favourable to the growth of the tree seedlings. Similarly in the field, 
the disease declined when the soil/moisture relationship improved. 

From these and other results Newhook concluded that the main 
effect of saturated soil conditions was to favour fungal infection by 
stimulating the production of the infecting zoospores. But one of his 
experiments showed that saturated soil conditions caused severe 
deterioration of rootlets within a three-month period of total 
immersion. He appears to have overlooked the possibility that such 
injury to rootlets, occurring naturally in the field, may be an important 
factor in predisposing the rootlets to attack by the fungus. 

Whether infection is due solely to the effect of soil saturation on 
the development of the fungus, whether it is entirely secondary to the 
effect of soil saturation on the roots, or whether the truth lies some
where between, it must still be concluded that the presence of excess 
soil moisture over prolonged periods is a major factor in the develop
ment of this disease. 

A similar type of mortality of radiata pine shelter belts occurred in 
the Wairarapa and Manawatu areas in 1953, in Dunedin and 
Palmerston South areas in 1957, and in the Oamaru area in 1958 after 
periods of very heavy rain and/or flooding. 
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Phytophthora cinnamomi is also associated with littleleaf disease 
of shortleaf pines in the south-east of the United States, but again it 
is secondary to a number of adverse soil conditions, of which excess 
soil moisture is an important one. As Zak (1957) reports: 
"Phytophthora cinnamomi occurs widely in the south-east, and the 
fungus is known to inhabit the soil in healthy as well as diseased 
stands, causing some mortality of new root tips. Littleleaf is absent 
on some such areas, however, because the vigour of the trees quickly 
overcomes this relatively minor damage. It is only when site conditions 
lead to low vigour of the tree that the root system deteriorates faster 
than it can recuperate, this deterioration resulting in the condition 
known as littleleaf." 

Through an understanding of the adverse soil conditions which are 
primarily responsible for littleleaf disease, the forester can estimate 
the littleleaf hazard of any site by simply ascertaining the internal-
drainage and erosion characteristics of the soil (Zak 1957). 

Excess soil moisture also favours attack of young seedlings by 
Pythium species, causing damping off and seedling root rot (Roth and 
Riker 1943). 

Chlorosis of Douglas fir, which has occurred in New Zealand, is 
another disease which has been shown to be primarily due to excessive 
soil moisture (Gilmour 1958). Establishment of Douglas fir in the 
heavy clay soils near Dunedin in recent years was hampered by the 
fact that in some years up to 80% of the transplants became chlorotic 
and moribund within the first year after planting out. A lack of 
mycorrhizal development was apparent on the seedlings in the nursery 
and on the chlorotic transplants in the field. It was considered that 
this mycorrhizal deficiency was primarily due to the effect on the 
young plants of the saturated soil, a condition which invariably 
occurred in the nursery over the late autumn and winter and also on 
the planting site over the late winter and early spring. The saturation 
of the soil was due to a moderate rainfall (30 in. per annum) on 
a heavy, poor-draining clay soil over periods of low evaporation. 

Zak (1954) has found by experiment that high carbon dioxide and 
low oxygen concentration in the soil atmosphere markedly reduced 
mycorrhizal development and produced chlorosis in southern pines. 
This condition of the soil atmosphere is caused by excessive moisture. 

It was found by field trials that Douglas fir could be established 
in these heavy clay soils during most years provided healthy 
mycorrhizal seedlings were used and provided the following growing 
season was not excessively wet. 

Warm Humid Atmospheric Conditions 
Warm humid atmospheric conditions generally favour, and are 

very often necessary for, the development of and infection by patho
genic fungi. Under such conditions leaf-cast and stem-canker fungi 
become increasingly important as primary parasites. 
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Pinus radiata is prone to attack by various leaf-inhabiting fungi 
such as Lophodermium pinastri (Schrader ex Fries) Chevalier 
(Rawlings 1955), and Naemacyclus niveus Sacc, after periods of 
warm humid weather. Excessive needle cast of radiata pine was 
widespread in State forests and private plantations in the central North 
Island in 1953 after two warm wet winters (Rawlings 1955). 

Meria laricis Vuill., a leaf-cast fungus of larch, also becomes 
damaging during warm wet summers in various parts of New Zealand. 
It has been recorded as causing, stunting of European larch in the 
Ashley nursery in the South Island in 1956 following flooding and 
wet summer conditions. During the wet summer of 1959, heavy attack 
by this needle-cast fungus severely retarded the growth of the 
European larch in the Forest Research Institute nursery, while the 
lapanese larch appeared to be resistant and grew exceedingly well. 
Outbreaks of this leaf cast have been recorded in Whakarewarewa 
State Forest, Golden Downs State Forest and Ashley State Forest, 
where, although the killing and casting of needles was fairly severe, 
little damage was done since the attack occurred in the summer, sub
sequent to the period of maximum growth. 

Initiation of cypress canker, caused by Monochaetia unicornis (Cke. 
& Ell.) Sacc, also appears to be favoured by warm wet conditions 
and in New Zealand is prevalent on Cupressus macrocarpa Hartw. and 
Chamaecyparis lawsoniana (A. Murray) Parlatore wherever such con
ditions occur. 

In East Africa, Rudd Jones (1953) reports that this disease is most 
common on C. macrocarpa in areas where ground mists are prevalent. 

Damping-off disease in nurseries, particularly that caused by 
Rhizoctonia solani Kuhn, is favoured by warm humid conditions. If 
control of these conditions can be obtained or where such conditions 
do not occur at the critical time of seed germination, damping-off 
losses are usually negligible in coniferous nurseries in New Zealand. 

Many workers overseas have also found high soil moisture and high 
air humidities to be the critical factors in damping-off diseases in 
conifer seed beds (Roth and Riker, 1943), 

SUMMARY 
The approach to the study of forest diseases is partially dictated by 

the nature of the crop. Direct control of a fungus by the application of 
fungicidal sprays, extensively used in agriculture, is usually both 
uneconomic, because of the low unit value of the forest crop, and 
practically impossible owing to the size and longevity of the tree. 
Breeding and selection for resistance to disease is one method of 
attempting to prevent diseases, but one of its main limitations is that 
it is a long-term project when dealing with trees. 

The effect of climatic factors on the development of a number 
of important tree diseases has been emphasised. In New Zealand 
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Pinus radiata, P. muricata, and Douglas fir are often injured by frost 
with or without secondary infection by Diplodia or Phomopsis species. 
Larch also suffers from late frost. Where this hazard to young trees 
could be reduced by leaving a light overstorey of mature trees or by 
correct siting, damage could be reduced to a minimum. Low winter 
temperatures also appeared to predispose Pinus radiata to core rot and 
core sapstain, and also were the cause of annual "false rings" in 
one forest in New Zealand. 

Hail damage to P. radiata and P. ponderosa provides suitable infec
tion courts for Diplodia pinea, which has accentuated the damage. 
These two factors have caused severe die back and sometimes death 
of considerable areas of trees in South Africa, northern New South 
Wales, Queensland, and one area in New Zealand. Where hail damage 
is of common occurrence the planting of these species has been 
discontinued. 

Drought conditions have been shown by a number of workers 
to cause die back of P. radiata with or without infection by Diplodia 
pinea. This is the common cause of "red top" or "stag head" diseases 
in New Zealand, "autumn brown top" in Australia, "dead top" in 
Kenya, and die back and mortality in South Africa, and possibly 
predisposes P. radiata to successful attack by the fungal symbiont of 
the steel-blue sawfly, Sirex noctilio, in New Zealand. Such damage 
can be minimised by good site selection and by regular thinning to 
prevent overstocking. 

Saturated soil conditions over prolonged periods appear to be a 
major factor in the development of diseases of pines associated with 
Phytophthora species and Pythium species in nurseries as well as in 
older trees. Littleleaf disease of shortleaf pine in the south-eastern 
States of the United States has been partially attributed to this soil 
factor. Mortality of radiata pine in shelter belts in many parts of 
New Zealand, which is associated with Phytophthora species has 
occurred only after prolonged periods of soil saturation. Chlorosis of 
Douglas fir in New Zealand in heavy clay soils is also a disease which 
is primarily due to excessive moisture in the soil. Good site selection 
for plantations and nurseries, or artificial drainage where practicable, 
would reduce the effect of this factor. 

Warm humid atmospheric conditions favour attack of Pinus radiata 
by needle-inhabiting fungi Lophodermium pinastri and Naemacyclus 
niveus in New Zealand, Mena laricis leaf cast of European larch 
in New Zealand, cypress canker caused by Monochaetia unicornis in 
New Zealand and Kenya, and damping-off disease of seedlings due to 
Rhizoctonia solani in nurseries in many parts of the world. 

Again, good site selection and, in the nursery, prevention of over
crowding will tend to reduce losses brought about by pathogenic fungi 
favoured by warm humid atmospheric conditions. 
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CONCLUSIONS 
Climatic factors play an important role in the development of a 

number of tree diseases and in many cases the effect of climate 
is the major causal agent predisposing trees to attack by fungal 
pathogens. 

Practical silvicultural methods of preventing fungal attack have in 
some cases been developed through an understanding of the pre
disposing climatic factors, but such an understanding serves mainly to 
demonstrate the limitations of the site for a particular tree species. 
and the secondary role played by many pathogenic fungi. This 
usually leads to the replacement of the susceptible species by one 
more suited to the site conditions. It also emphasises the futility of 
attempting to control forest diseases by the use of fungicides. 

Use of such knowledge in forest management does lead to the 
establishment of stands less vulnerable to disease. 
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