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Abstract

Following a hail storm in the southern Cape Province of South Africa, Sphaeropsis sapinea in-
fected about 2000 ha of pme plantations. A series of sample plots yielded information on
symptom development in relation to site factors and stand characteristics. Aerial photography
and ground inspection of the area showed that, although the intensity of disease was not affected
by site quality or age, it was inversely proportional to altitude.

1 Introduction

The fungus, Sphaeropsis sapinea (Fr.) Dyko and Sutton, is a pathogen of Pinus spp.
throughout the world (GIBSON 1979; PETERSON 1978; PUNITHALINGAM and WATERSTON

1976). Most of Its notoriety is, however, based on the devastation it has caused in South
African plantations (LAUGHTON 1937; LUCKHOFF 1964; GIBSON 1979). The fungus-host
relationship as well as site and environmental conditions favourable to pathogen develop-
ment have not been fully elucidated and published work is in many cases contradictory.
Trees suffering from physiological stress, especially caused by drought and nutrient de-
ficiencies, are particularly vulnerable to attack (STAHL 1968; WRIGHT and MARKS 1970;
MiNKO and MARKS 1973; BROWN et al. 1981; DE KAM 1985). However, MARKS and MINKO
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(1969), and CHOU (1982), reported that fast growing trees and trees growing on better
sites were more severely attacked by S. sapinea. A similar observation was made in South
African plantations by LAUGHTON (1937).

According to PURNELL (1975), infection by S. sapinea occurred most readily during
periods of rapid growth and under conditions of high temperature and humidity. These
conditions were greatest at lower altitudes. WRIGHT and MARKS (1970) suggested that the
incidence of Sphaeropsis dieback in Australia may be due to environmental conditions
related to topography. A dramatic increase in damage on enclosed valley sites was reported
in New Zealand by CHOU (1977). This author suggested that a difference in microenviron-
mental conditions due to variation in altitude, or related to tree age and height, is a likely
explanation for differences in the amount and frequency of damage resulting from infec-
tion. In contradiction to findings from tbe Midwest United States where trees over 30
years of age were most severely affected PETERSON (1978), CHOU (1977) reported de-
creased shoot dieback after trees reached 7-8 years of age.

Following a hail storm on 3 February 1986, an extensive outbreak of dieback was re-
corded in the Southern Cape Forest Region of South Africa, (lat. 33°53' South and long.
22°03' East to lat. 34°03' South and long. 23°14' East) (Fig. 1). This outbreak provided a
unique opportunity to obtain information on (l) the rate of symptom development, and
(ii) the effect of tree age, site index and altitude on susceptibility of P. radiata to 5. sapinea.
Studies of the impact that S. sapinea infection has in exotic pine plantations in South Africa
have hitherto never been conducted.

2 Materials and methods

2.1 Site description

The climate of the region is mild and moist with mean diurnal temperatures for January
(summer) and July (winter) being 176°C and 9.8°C respectively AUseason precipitation
ranges with altitude from 500 to 1200 mm. On average, only 1 or 2 hail storms were re-
corded annually in the area during the last 27 years with the highest probability of occur-
rence in September. Drought stress was obsei-ved in several stands of the region in 1984
and 1985, when average maximum annual temperature was 2.2°C higher and the annual
precipitation was 13% lower than the average for the years 1922-84 (ANON 1986). Al-
though sufficient rain occurred in the four month period prior to the outbreak on which
this study is based, it is not known to what extent the condition of the trees improved.

The study area was located in a block of plantations (Block D) half-way between the
forest stations Kruisfontein and Harkerville (34°02' S, 23°10' E) (Fig. 2). The topographi-
cally differentiated area rises in altitude from 190 m to 310 m.

According to GREY (1985) the soils are derived from aeolian sands, now highly weath-
ered, and often altered due to hydrological processes. Soil types range from shallow
duplex and poorly-drained soils, to light textured deep sandy loams with podzolization
being a commonly observed process. On level or gently sloping land, poor drainage and
anaerobic conditions affect tree growth adversely. A total of 191.5 ha of trees in Block D
was comprised of the following species: /̂  raduzta (80.3 %), P. elliottii Engelmann (12.2%),
P pinaster Ak. (6.7%), ^nd PtaedaL. (0.8%).

Three square sample plots of 0.25 ha each were established in a 13 year old stand of
P radiata. The plots were located on a top slope (plot 1), western mid-slope (plot 2), and
western low-slope (plot 3), and spaced approximately 50 m apart (Fig. 2). Rooting depth
in soil of the gently sloping top site was restricted by a clay horizon at 900 mm and tem-
porarily anaerobic soil conditions were indicated by yellow mottling below 700 mm. The
soil of the mid-slope contained deep fine sandy loam and no physical restrictions to
hydraulic conductivity were found. The soil of the lower slope was similar to the mid-
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Experimental plots
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Fig. 2. Map of study area at Kruisfontein State Forest, Southern Cape Forest Region

slope soil but slightly anaerobic conditions due to temporary waterlogging were responsi-
ble for erratic tree growth. Some characteristics of the trees withm each of the plots are
shown in Table 1. The differences in mean height and diameter at breast height (dbh)
between the plots were statistically significant (P < 0.01).

Table L Tree and site characteristics of experimental plots

Plot no. Number of trees
Mean DBH

(cm)
Mean height

(m)
Predicted site index

(m)

206
174
177

9.01
18.59
14.61

7.8
16.4
13.4

10.8
22.5
18.2

2.2 Damage assessment

In March 1986, approximately six weeks after the hailstorm, ground inspections were
made at reference points selected randomly on transects across each of the compartments
in Block D. Discolouration of foliage and recent dieback of tops of the trees was recorded
during these inspections. A tree was classified as infected if more than 10% of the total
foliage volume was discoloured.

Aerial photography was used to investigate the distribution of trees infected by
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S. sapinea in relation to other stand/site characteristics. Colour photographs were taken at
a flying height of approximately 1000 m at a scale of approximately 1 :14000 (focal length
f = 70 mm). The diseased stands were mapped on orthophoto maps at the scale of
1 :10000. Intensity of damage in the stands was categorised as (i) hght, (ii) medium, and
(iii) heavy, if percentage of the trees affected was less than 30%, 30-70%, and more than
70%, respectively.

All trees in the sample plots were rated for: (i) "total foliage" as a percentage of the
total foliage on visibly healthy trees having more than 90% green foliage; (ii) "green
foliage" as a percentage of the total existing foliage on the tree; (iii) top condition: "living"
(green) or "dead" (discoloured); (iv) diameter at 1.3 m (dbh); and (v) total height (ht). Tree
condition was evaluated in March, June, September, and December 1986, and in March
and September 1987, while heigths and diameters were measured in March 1986 and
September 1987.

Tukey*s range test was used to compare differences in "total foliage" and "green
foliage", mean dbh and height between the three plots. A Chi-square test was used to
compare numbers of dead trees and trees with dead tops between the plots. Spearman
correlation coefficients were calculated to investigate significance and degree of correla-
tion between some of the tree characteristics and their mortality.
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3 Results

No visible symptoms related to Sphaeropsis infection were observed on trees of species
other than P. radiata. Distribution of the infected P. radiata trees was not uniform through-
out the area (Fig. 2). Intensity of damage by S. sapinea was neither proportional to age or
site index but was inversely proportional to altitude (Fig. 3).

Percentage of total foliage and green foliage had drastically decreased in all three study
plots six weeks after the hail storm, and had reached a minimum after one year (March
1987). Thereafter, regeneration of the foliage was recorded (Fig. 4). Percentage of total
foliage and green foliage had drastically decreased in all three study plots six weeks after
the hail storm, and had reached a minimum after one year (March 1987). Thereafter, regen-
eration of the foliage was recorded (Fig. 4). Tree mortality reached a plateau 10 months
after the hail, while highest leader mortality occurred after four months (Fig. 5).

Differences between the plots in dieback of tops and tree mortality were highly signifi-
cant (X- = 23.8 and 25.3, respectively, at DF = 2) due to low numbers of dead trees in plot

2 and better survival of tree leaders in plot 1.
Trees were worst affected in plot 3, where
average percentage of green foliage dropped to
35% (Fig. 4), while dead trees and trees with
dead leaders constituted 19%, and 77% of the
total number of trees, respectively (Fig. 5). The
least total damage, (foliar damage and tree mor-
tality) occurred in plot 2. However, in this
plot, percentage of trees with dead tops was the
highest (82%) (Fig. 5). During the first assess-
ment, differences in "total foliage" and "green
foliage" between plots 1 and 2, and 1 and 3 were
statistically significant (P < 0.05%). Eighteen

Fig. 3. Percentage area of Pinus radiata stands ligh-
tly, medium and heavily stressed by Sphaeropus
sapinea in relation to altitude
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Fig. 4. Fall v̂ nd discolou-
ration of foliage of Pinus
radiata trees infected by
Sphaeropsis sapinea during
a period of 18 months after
the hail storm
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Fig. 5. Percentage of dead leaders and dead Pinus radiata trees recorded during a period of
18 months after the hail storm

months later, the differences recorded between plots 1 and 2, and 2 and 3 were statistically
significant. However, differences between plots 1 and 3 were not statistically significant
due to the rapid discolouration of foliage in plot 3.

At the first assessment, there was a significant correlation between the heights of trees
and the percentage of green foliage in plots 1 and 2 (Table 2). Eighteen months after the
first assessment, trees in plots 1 and 2 showed significantly better survival of their foliage
but not of their tops. No significant correlation between height and foliage survival was
recorded in plot 3, where significantly more dead tops were recorded on taller trees at the
last assessment.

Table 2. Relationship between heigths of trees, percentage green foliage, and condition of tree
tops at first and last assessments

Assessment Plot no.

First 1
2
3

Last 1
2
3

' (1 - alive; 0-dead)
=•=•-•- P < 0.001

Spearman corretation coefficients

% Green foliage

0.27=--=--=--
0 . 3 3 =="=-••

0.04 NS

0.36=̂ =-=̂
-0.02 NS

Condition of tops'

0.11 NS

- 0 . 0 6 NS

0.05 NS
- 0 . 0 1 NS
-0.23=--=^=-̂
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4 Discussion

Various factors have been reported to predispose pine trees to infection by S. sapinea
(LAUGHTON 1937; MINKO and MARKS 1973; BEGA et al. 1978; WINGFIELD and KNOX-
DAVIS 1980; BROWN et al. 1981). The relative importance of these factors is largely un-
known. It is generally agreed that mechanical injury of tree tissue is usually essential for
successful infection by S. sapinea and that hail injury is one of the most common factors
initiating infection in South Africa (LAUGHTON 1937; LUCKHOFF 1964; SWART et al. 1985).

Hail storms in South Africa are, however, not always followed by S. sapinea-'mdxxcti
dieback. A large number of S. sapinea spores are usually present in a pine stand at any time
(SWART, WINGFIELD and KNOX-DAVIES 1988). Absence of dieback after hail may be due to
trees not being sufficiently predisposed to infection by physiological stress. Development
of the pathogen could also be inhibited by unfavorable environmental or host related con-
ditions. The susceptibility of pine tissue to colonisation by S. sapinea has been shown to
vary among seasons (SWART and WINGFIELD 1989). The present study, however, did not
provide sufficient data to determine the role of site factors or, climatically induced phys-
iological stress on S. sapinea infection of hail damaged trees.

In order to elucidate the relative importance of the various site related factors that could
possibly have predisposed trees to S. sapinea-'mduced dieback, physiological stress must be
measured quantitatively. A range of factors would have to be identified and physiological
stress then measured in response to these factors. Secondly, climatic and especially micro-
climate factors in the canopy layers of the stands, would have to be monitored precisely.

Differences in site and climate will influence the initiation and outcome of infection.
If, for instance, temperature and humidity were barely optimal for infection, then phy-
siological stress could increase the chances of successful infection. Similarly, S. sapinea in-
fection would not occur on stressed trees where temperature and humidity did not fall
within the required range for infection (GREY 1987). If it is assumed that poor growth is
the effect of long-term physiological stress, then such stresses cannot be associated with
the post-hail dieback observed at Kruisfontein. There was, however, an indication in ex-
perimental plots 1 and 2 that taller trees resisted S. sapinea infection better than smaller
trees. This was despite the fact that taller trees were more exposed to hail damage. This
was not applicable in plot 3 where microclimatic conditions were probably highly favour-
able to pathogen development.

Microclimatic conditions seemed to be most important factor affecting S. sapinea infec-
tion. In enclosed valley sites and sheltered stands, these conditions were most probably
characterised by higher air humidity and smaller temperature variation. Conversely,
heavily thinned stands were exposed to winds which probably prevented large scale
S. sapinea infection. This interpretation would support earlier reports (WRIGHT and
MARKS 1970; CHOU 1977).

The importance of climatic factors on the pathogenicity of S. sapinea can also be ob-
served on a regional scale. In proportion to the area planted, recorded outbreaks of

Table 3. Outbreaks of Sphaeropsis sapinea-induced dieback between 1923 and 1983 and area
planted at Kruisfontein State Forest compared to other plantations in the Southern Cape

Forest Region

Species

P. pinaster
P. radiata

Kruibfontein

Outbreaks
(%)

36.4
44.0

Area
(%)

6.0
14.2

Otticr pKincations

Outbreaks
(%)

63.6
56.0

Area
(%)

94.0
85.8

Total

Outbreaks Area
(ha)

11 14984
25 11310
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dieback at Kruisfontein have been 3 to 6 times more frequent than in other plantations of
the Southern Cape Forest Region over a period of sixty years (Table 3). The proximity of
the Indian Ocean with moist air rising along the stream valleys and mitigation of tempera-
ture extremes seems to increase the hazard of a S. sapinea outbreak. This is despite the
decreasing probability of hail storms at lower altitudes.

This study suggests that microclimatic conditions could play a major role in S. sapinea
dieback. Therefore, in areas prone to hail, pine species which are susceptible to S. sapinea
should not be planted in enclosed valleys or in small groups sheltered by other stands. If
such planting is unavoidable, then intensive thinning, pruning and weeding operations
should be applied. This will create microclimatic conditions less conducive to infection
and reduce physiological stress resulting from inter-tree competition. Control measures
against 5. sapinea are discussed by SWART et ak (1985).

Resistance to S. sapmea in P radiata is genetically based (GIBSON 1979; BURDON et al.
1980). Thus, the selection of P. radiata and other pine species resistant to 5. sapinea, is a
long term solution that has been proposed (SWART et al. 1985). So far, screening for resist-
ance to S. sapinea among P. radiata selections from Australia and within South Africa have
offered little encouragement. However, the impact of S. sapinea on the South African
timber industry ts so great that the selection of 5. sapmea resistant pines should be given
high priority.
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Summary

A series of sample plots were established in hail-damaged Pinus radiata plantations in the south-
ern Cape Province of South Africa in order to collect mformation on infection of trees by
Sphaeropsis sapinea in relation to site factors and stand characteristics. The study provided evi-
dence that microclimatic conditions play a major role in Sphaeropsis-\nduQtd dieback of pine
trees. Aerial photography and ground inspection of the study area showed that, although the
intensity of the disease was not affected by site quality or age, infection bv S. sapinea was most
severe in enclosed valley sites and sheltered stands characterised by higher air humidity and
smaller temperature variation.

Resume

Importance du deperissement a Sphaeropsis sapinea en relation avec les conditions d'environnement

Un ensemble de placettes a ete etabli dans des plantations de Pinus radiata endommagees par la
grele dans le Sud de la province du Cap en Afrique du Sud, afin de recueilhr une information sur
Pinfection par 5. sapinea. Cette etude a montre que les conditions microchmatiques )ouent un
role majeur sur le deperissement des pins induit par Sphaeropsis, La photographie aerienne et
I'examen au sol ont montre que Pintensite de la maladie n'est pas influencee par la qualite de la
station ni Page, mais que l'lnfection est plus severe dans les vallons confines et dans les peuple-
ments abrites ou l'humidite de Pair est plus elevee et ou les variations de temperatures sont
moindres.

Zusammenfassung

Die Intensitdt eines von Sphaeropsis sapinea verursachten Triebsterbens in Abhdngigkeit von
Standortsbedingungen

In der siidhchen Kapprovinz Sudafrikas wurdo in vom Hagel eeschadigtcn Pinus radiata-Vl^nta-
gen ein Reihe von Probeflachcn mit dem Ziel, Informacionen liber die Infektion der Baume durch
Spaeropsis sapinea in Abhangigkeit von Standortsbedingungen und Bestandeseigenschaften zu er-
halten, eingerichtet. Die Untersuchung ergab, daf̂  kleinklimatische Bedingungen eine wichtige
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Rolle bei dem von SphaeroVsis verursaehtcn Tricbsterben spielcn. Luftbildcr und Untersuchuneen
vom Boden aus crgahen, da(S die Infektion durch S. sapinea auf Talstandorten und in geschutzten
Bcstanden, die durch hohere Luftfeuchtigkeit und geringcre Temperaturschwankungen gekenn-
zeichnet sind, am schwcrstcn war. Die Krankhcitsintensitat war nicht von der Standortsqualitat
oder dem Alter der Kiefern abhangig.
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