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SYNOPSIS 
A disease of Pinus radiata in New Zealand in which trees die or 

become severely defoliated following infection with Phytophthora 
spp. in wet seasons is compared with similar diseases of other hosts 
overseas. As is the case with these other diseases, it is concluded 
that the role of soil saturation is to provide conditions necessary 
for production and spread of free-swimming spores of the pathogen. 

It has been stated recently that climatic conditions are the "major 
cause" of this disease, the fungi being "secondary''. Present findings, 
however, emphasise that host, pathogen, and environment are 
mutually interdependent; no one factor can rightly be singled out as 
"more important" than another. 

Phytophthora spp. appear to be indigenous in New Zealand soils 
and it is not surprising therefore to find them present in many forest 
areas, where they must be regarded as one of the factors limiting 
production. 

Earlier-published accounts (Newhook 1959; and Sutherland, New
hook, and Levy 1959t) of investigations into deaths of conifers 
during the spring and summer seasons of 1953, 1954, and 1956 
in the Auckland and North Auckland districts have shown that 
rootlets of diseased trees were killed by fungi belonging to the genus 
Phytophthora. 

It is most unlikely that the very numerous patches of affected 
trees seen in the epidemic outbreaks of this disease represented newly 
established centres of infection. The available evidence (Newhook 
1959) suggests that the fungi were present for some time, possibly 
since the trees were planted. In most years rootlet replacement 
would balance rootlet death and trees would show no symptoms. 
However, in seasons with exceptionally heavy and continual rainfall 
throughout both autumn and winter, trees would be left with very 
few healthy rootlets and would virtually suffer from drought in 
spring and early summer when transpiration and growth demands 
increased. 

Overseas, Phytophthora species have been shown to be associated 
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with root rot of citrus in New South Wales and California (Fraser 
1942, 1949; Klotz, De Wolfe, and Wong 1958). Avocado root 
rot in California has been shown (Wager 1942; Zentmyer and 
Richards 1952, 1957) to be associated with P. cinnamomi Rands, 
while this same fungus has been recognised for some time as the 
cause of littleleaf disease of Pinus echinata Mill, in south-eastern 
United States (Campbell and Copeland 1954). In all these examples 
deterioration and death of trees is the result of infection of feeding 
rootlets under wet soil conditions. 

Peace (1957), in reviewing the development of forest pathology 
up to the present day, states that "the influence of environment 
on the tree is too generally regarded as of greater importance than 
the actual pathogen attacking it". It would seem, from recent pub
lications in this country, that the trend which he deplores is in 
danger bf becoming established here. Rawlings (1957), in dis
cussing the pathology of Pinus radiata in New Zealand, refers to 
certain pathogens, including Phytophthora, as "scapegoats" and 
emphasises the need to study the physiology of the tree. Gilmour 
(1960) discusses several diseases in which he suggests that patho
gens play a "secondary" role, the "primary or major cause" of the 
disease being a climatic factor. 

Both these authors overlook one of the basic principles of plant 
pathology: in any disease, host, pathogen, and environment con
stitute a complex in which the three factors are mutually inter
dependent; no one factor can rightly be singled out as "more im
portant" than another. To relegate the pathogen to a minor role 
is to bide the issue and delay progress in understanding the disease 
complex. 

All pathogenic organisms are exacting in their host-environment 
relationships. The potato-blight fungus Phytophthora infestans 
(Mont.) de Bary, for example, can attack potatoes and tomatoes 
only when certain strictly limited climatic conditions prevail. Trie 
disease can be controlled, too, by an adequate spray cover. It 
would be ludicrous to suggest that P. infestans is merely secondary 
and that climatic factors are the "major cause" of potato blight. 
The same reasoning can logically be applied to diseases caused by 
other Phytophthora species. These fungi are semi-aquatic; while 
they can exist in a vegetative or resting stage in moist or even fairly 
dry substrates, they require free moisture for the production, libera
tion, and dispersal of their free-swimming zoospores. Root diseases 
caused by Phytophthora species are therefore characteristically asso
ciated with soils saturated for sufficiently prolonged periods for a 
serious degree of infection to occur. Although the critical phase 
of their life cycle depends on abundant moisture it does not lessen 
their importance in plant pathology. The genus Phytophthora, in 
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fact, is regarded as one of the most destructive groups of pathogenic 
fungi (Hickman 1958). 

Regarding deaths of P. radiata in New Zealand, Rawlings (1957) 
and Gilmour (1960) refer to soil saturation as "predisposing trees 
to infection by Phytophthora". Gilmour in fact suggests 
that Phytophthora behaves as a "weak secondary parasite infect
ing drowned rootlets", the only evidence offered to support 
this theory being a misquotation of results and conclusions of 
Newhook (1959) and Sutherland et al (1959). Acceptance of this 
theory is possible only if one ignores the evidence from pathogeni
city tests both in non-flooded soil and in liquid-culture trials where 
roots were fully adapted to the culture solutions in which they had 
been grown since germination. In these trials several Phytophthora 
species were shown to be pathogenic to P. radiata rootlets without 
being dependent on any prior weakening of roots by adverse con
ditions. 

It can be assumed that Rawlings and Gilmour base their theory 
on the well recognised fact that standing water will kill many 
plant species. P. radiata is susceptible to these conditions, a good 
example being seen in a pine plantation on reclaimed sand dunes 
at Waipapakauri. During the wet 1956 season the outlet to a 
small lake partly surrounded by pines became blocked, causing the 
lake level to remain three to four feet above normal for several 
months. Every tree died on the fringe of the lake where the water 
rose above soil level. Attempts to isolate Phytophthora from soil 
samples from the affected area were all negative. 

The time taken for standing water to kill roots of P. radiata, 
however, is considerable unless a pathogen such as Phytophthora 
is present. In a glasshouse experiment (Newhook 1959) the roots of 
P. radiata growing in steam-sterilised soil were covered for five 
months by stagnant water. There was no apparent deterioration of 
rootlets when examined after one and two months; after the third 
month most roots were externally discoloured but still alive; they 
were completely dead after five months of flooding. By contrast, 
all roots died within the first month of flooding in the same but 
unsterilised soil naturally infected with P. cinnamomi. Hunt (1951), 
likewise, found that roots of three species of Pinus withstood three 
months of stagnant flooding but died in the succeeding seven months. 
Data from a survey of 1570 P. radiata sites (Sutherland et al 1959) 
after the 1956 epidemic showed conclusively that wet soil eoncitions 
alone did not cause defoliation and mortality. A summary of the 
survey results (given in full in Sutherland et al 1959) is presented 
in the table. 

If excess soil moisture were the sole cause of disease, there could 
not have been 13.6% of stands on soils with the worst drainage 
remaining healthy while 64.6% of stands on the best drained soils 
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RELATIONSHIP BETWEEN SOIL DRAINAGE AND DISEASE 
SEVERITY IN P. radiata IN THE 1956 EPIDEMIC IN THE 

NORTH AUCKLAND PENINSULA 

Sites 
Soil-drainage class Examined 

No. 
Well drained 198 
Moderately well drained 356 
Imperfectly drained 292 
Poorly drained 276 
Very poorly drained 448 

Sites 
with 

Mortality 
% 

14.6 
19.9 
27.1 
33.3 
49.3 

Diseased 
Sites 

(Defoliation 
and Death) 

% 
64.6 
61.0 
63.7 
71.4 
86.4 

Health) 
Sites 
% 
35.4 
39.0 
36.3 
28.6 
13.6 

Soil-drainage classes are based on classification published by U.S.D.A. 
Soil Survey Manual, 1951. 

were definitely affected, with deaths in 14.6%. All trees in 100% 
of stands on very poorly drained sites should have died before any 
deaths occurred on well drained soils. The results are not anomalous, 
however, if one recognises the pathogenic role of the Phytophthora 
species occurring in patches in the shelter belts as demonstrated 
earlier (Newhook 1959). 

Klotz, De Wolfe, and Wong (1958) investigated the effect of 
water tables on infection of citrus rootlets by Phytophthora spp.; 
they showed that excess water alone did not cause root rot whereas 
the presence of both Phytophthora and a high water table killed 
up to 87% of the rootlets. 

Curtis and Zentmyer (1949) and Zentmyer and Bingham (1956) 
investigated the role of waterlogging of soil in Phytophthora infection 
of avocado rootlets and concluded that the role of excess soil moisure 
was to produce conditions suitable for motile spore production and 
infection rather than to increase susceptibility of roots. Similarly 
in the New Zealand conifer disease, experimental and field evidence 
indicates that prolonged saturation of soil is of importance mainly 
because it provides the requisite conditions for infection. The pre
sence of Phytophthora in the soil was a key factor, coupled with 
high rainfall over a critical period, in causing the death of several 
thousand trees in farm shelter belts in the epidemic years. Without 
the fungi the trees would have remained healthy, as did the un
affected trees in the same stands. 

Exceptional rainfall conditions may occur in any part of the 
country with the consequence that defoliation or death of P. radiata 
will occur when Phytophthora is present, regardless of soil type. 
Phytophthora species are present in indigenous forests (Newhook 
1960) and are therefore themselves probably indigenous to New 
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Zealand. They are present in commercial plantations and must be 
considered as a limiting factor in forest production. 
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THE ASSOCIATION OF PHYTOPHTHORA SPP. WITH 
MORTALITY OF PINUS RADIATA AND OTHER CONIFERS* 

1: Symptoms and Epidemiology in Shelter Belts 
F. J. NEWHOOK 

SYNOPSIS 

A serious disease of Pinus radiata, P. muricata, Cupressus macro
carpa, Chamaecyparis lawsoniana, and other conifers, has been killing 
large numbers of mature shelter and ornamental trees in various 
parts of New Zealand. 

Trees die rapidly within a space of 1-3 months or defoliate heavily 
and remain in a short tufted-needle condition over a period of 
years. 

Primary symptoms appear to be confined to death of feeding 
rootlets. 

Isolations from soil, using apple fruit as a selective medium or 
"trap" yielded Phytophthora spp. in large quantities. An apple-trap 
method was used for surveys of Phytophthora distribution since the 
fungi could rarely be isolated directly from rootlets before invasion 
by saprophytes. P. cinnamomi and P. cactorum were the species 
most commonly recovered. P. citricola, P. syringae, P. cryptogea, and 
Pythium spp. were also isolated from soil below diseased trees. 
Pathogenicity has been demonstrated so far for the first two. 

There was a highly significant correlation between presence of 
Phytophthora spp. and disease symptoms in shelter belts, and a 
significant correlation between severity of external symptoms and 
abundance of Phytophthora spp. in the soil. Some originally healthy-
looking shelter belts growing in soil heavily infected with Phyto
phthora spp. developed severe symptoms later, after an exceptionally 
wet autumn, winter, and spring. 

The disease was present on some well drained soil types as well 
as being prevalent on heavy soils with poor drainage. 

The efficiency of the isolation techniques used is examined in 
some detail in order to assess the value of the data obtained in 
surveys for Phytophthora in soils. 

P. cinnamomi was isolated from depths up to two feet. 
Phytophthora populations were found to be concentrated mainly 

in the rootlet zones of trees, being isolated rarely under pasture in 
adjacent open fields. Phytophthora spp. may persist in soil for at 
least two years after death of trees. 

P. radiata is highly susceptible as seedlings and up to 4-5 years 
of age. Trees are then resistant until the mature phase of growth 
is reached at 20-30 years. 

Continued heavy rain is more important than poor soil drainage 

* Extracted from N.Z. Journal of Agricultural Research, Vol. 2, pages 
808-43. 
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alone in the maintenance of soil-moisture conditions suitable for 
Phytophthora infection. 

Epidemics occurred only in years in which there was abnormally 
early rewetting of the soil in autumn, with wet conditions continuing 
until spring. Prior summer dought may have contributed to epidemic 
development in some instances by causing fragmentation of heavy 
soils, thus assisting rewetting in autumn. Drought alone was not 
a cause of death during the period for which weather records are 
available. 

It has been shown experimentally that P. radiata has a very 
great capacity for rootlet regeneration after severe damage from 
drought, flooding, or Phytophthora, infection. Flooding can kill 
roots, but at only a fraction of the rate of destruction by a com
bination of Phytophthora and flooding. 

Phytophthora spp. when present intensify rootlet mortality to 
many times that which normally occurs in winter. This rootlet loss 
would be made good by regeneration in most seasons in time to 
support spring growth. Symptom expression is seen to depend on 
destruction of the balance between transpiration demand and ab
sorptive capacity of the root system; if rootlet mortality is heavy 
in autumn and winter and continues into spring because of exces
sive soil moisture, trees suffer from physiological drought at a time 
when their water demand is rising rapidly. Full-crowned trees with 
a large transpiring surface rapidly reach a state of permanent wilt 
and die. Where the attack is less severe, trees defoliate heavily and 
new growth of needles and shoots is much reduced; with their now-
reduced transpiring surface they can tolerate severe rootlet damage 
and may behave as though resistant. 

The main difference between the disease of pines in New Zealand 
shelter belts and little-leaf disease of P. echinata (involving P. cinna
momi) in forests of the south-eastern United States is one of rapidity 
of symptom development. This could be explained by different 
transpiration demands of full- and reduced-crowned trees. The two 
diseases are considered to be basically the same. 

Phytophthora spp. have been isolated from several commercial 
P. radiata forests in the North Island. The situation there is more 
complex and will be the subject of later reports. 

Manurial treatments and improved drainage are likely to have 
limitations as a control measure. Large-scale applications of fungi
cides to soil is impracticable, and breeding or selection for resistance 
to all Phytophthora spp. involved would be a very long-term pro
ject. 

The most satisfactory answer to the problem involves a change 
from the almost traditional use of P. radiata, P. muricata, C. macro
carpa, and C. lawsoniana to species found to be locally suitable 
and resistant to Phytophthora attack. 
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2: Influence of Soil Drainage on Disease* 

C. F. SUTHERLAND, F. J. NEWHOOK, and J. LEVY 

SYNOPSIS 
Deaths and defoliation of Pinus radiata, Cupressus macrocarpa, 

and other conifers in the exceptionally wet 1956 season occurred 
on better- as well as poorer-drained soils. 

Data from 1,570 P. radiata and 863 C. macrocarpa stands led 
to the following conclusions: 

(1) While soil drainage strongly influenced severity of symptoms, 
it had no major influence on extent of disease within individual 
stands except on very poorly drained soil. 

(2) Although P. radiata is initially much more susceptible to the 
disease, it showed a very much higher recovery rate than C. macro
carpa on all soil types. 

(3) Susceptibility of P. radiata increased, and likewise the recovery 
rate of trees which had developed symptoms decreased, with in
creasingly poor soil drainage. Susceptibility of C. macrocarpa, on the 
other hand, was greatest at both extremes of soil drainage, while 
the recovery rate amongst affected stands was uniformly fairly 
low. 

An attempt is made to explain the differences in behaviour of 
the two species on the basis of different rates of rootlet regenera
tion and fascicle or branchlet abscission. 

The data from the survey could not be explained by soil physical 
factors alone without the presence of a pathogen. The facts em
phasise that the 1956 epidemic was caused by Phytophthora attack 
during a prolonged wet season, the amount and severity of the 
disease being influenced by soil drainage. 

* Extracted from N.Z Journal of Agricultural Research, Vol. 2, pages 
844-58. 
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