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ABSTRACT
study wasSeptember 19891988 and March,Between a
with theplantationHillcarried forestSao

following major objectives
- to examine the relationship between Pinus patula stand
productivity and abundance of the Pineus pini.

- to elucidate the impact of P. pini on tree growth.

main samplingpreliminary sampling, theBased on a
intensity was determined for a fixed degree of precision.

main sampling, the two site classes I and III andIn the
sampled. Three(<10 years)classthe young age were

siteinsampled each theof twocompartments were
continued untilsamplingclasses. In each compartment,

100 infested trees had been recorded. For each infested
a 10 cm long twig was pruned from the middle crowntree,

crawlers and adult aphids were observed andwhorl. Eggs,
counts made under a dissecting microscope.

An infestation experiment established to elucidatewas
of P. pini infestation on young P. patulagrowth impact

seedlings after 24 weeks of growth.

The main findings of the study were that:-

good sites. The percentages of
infested trees were equally high at both good and

- Population densities were higher in trees of poor sites 
compared to trees of

out at
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CHAPTER 1

INTRODUCTION

in Tanzaniaexotics startedplanting ofscaleLarge
the area under exotic forest1950. presentaround At

(Forest Divisionistrees in Tanzania about 82,000 ha
About 88 per cent of the total area is1986, Anon 1988).

covered by softwoods, the most common species being Pinus
P. kesiyaP. oocarpa,

and Cupressus lusitanica. Hardwoods theare grown on
beingspeciesdominantremaining the Tectonaarea,

grandis and Eucalyptus.

planted (93Hill, with about 42,000 ha centSao per
in Tanzania.projectsoftwoods) is the largest forest

are Pinus patula,species plantedmainthe P.Here,
lusitanicaelliottii. and someCupressus

Eucalyptus species. The performance of the tree species
at Sao Hill is quite variable. Both biotic and abiotic
variables for of the variationaccount (Proctersome

Past reports of forest tree diseases in Tanzania (Griffin

the introduction of exotic trees.
This has also been the case with forest insect pests,
both native (local) and introduced. However, very little

P. caribaea,

patula, P. elliottii, P. caribaea,

1967, Waring 1982, Diwani et al. 1984a, Canon 1985).

1968) have shown that several diseases previously unknown 
have developed after
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subject,thesystematically documentedhas been on
neighbouringindone thehas beenwhatcompared to

countries of Kenya and Uganda (Gardner 1957, Austara and
The first interim report on forest insectsJoner- 1971).

compiled Mshiu (1984). 1984,byTanzania Inof was
initiated.insectcontinuous forest surveys were

Investigations on potential pests in form of assesment of
undertaken. These were followed bythe damage were also

observations of the causative biotic factorssuperficial
(Diwani et al. 1984a & b).

insect outbreak have beenepidemicsSeveral of forest
in small scale.recorded in Tanzania, The mosthowever

common defoliators are: Gonometa podocarpi, Lechriolepsis
basirufa, Qrgyia mixta, 0.
Dasychira qeorgiana, Chromothericles sp., Plagiotriptus

pinivorus and Heteronygmia dissimilies. insectsThese
are all native living on indigenous host plants but have
adapted to the exotics. Pineus pini and Eulachnus rileyi

sucking insects.introduced (Forest Divisionsapare
Mshiu 1984, Diwani et al.1982, 1984b, Schabel al.et
Some of these insects1988). posing.a great threatare

particularlyforests, exoticto the conifers.our
isthereFurthermore, reason to believe that otherno

pests may not adapt to the exotics.

As just mentioned, the introduction of exotic softwoods
has followedbeen by the introduction of some of their

basalis, Icerya purchasi,
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susceptible toPines and Cypressespests. veryare
attacks by various aphids (Carter 1971, Carter and Maslen
1982). At

pini)and the pine needle aphidpine woolly aphid (Pineus
rileyi) while Cupressus lusitanica is attacked(Eulachnus

1984a&b, Kisaka 1988).(Diwani et al. Atby a Cirara sp.
the infestation at Sao Hill has given concern topresent,

hasTanzania. Kisaka (1988)Division,the Forest
beshouldcontinuousthat pestrecommended survey

furthermore to start breeding programmes forundertaken,
andto undertake chemical control toresistance, carry

out various silvicultural practices.

woolly aphids belong to the family AdelgidaeThe conifer
and many of the species are recognized as important pests

Pinus.andAbies,of
Carter (1971) describes the family to contain two genera,

BornerThe genera that are used byand Pineus.Adelges
other than Pineus and Adelges(1957)Heinzeand are

studythis Pineus issub-genera.described Inas
discussed.

started 'afforestation with pinesBefore in theman
hemisphere, Pineus speciessouthern have beenmust

restricted America,Northto Europe, the Mediterranean
region and Asia (Browne 1968). Some were introduced in

Africa in the lateEast sixtees during afforestation
with temperate softwood species (Oderaprogrammes 1974,

Picea, Tsuga, Pseudotsuga, Larix

Sao Hill Pinus spp. are attacked by both the
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In Eastern Africa where only Pinus1976).Barnes et al.
the pest don't alternate between primaryare grown,

In
this species alternates thebetweentemperature zones,

is present (Chrystalprimary hostthewhentwo hosts
1937, Balch and Underwood 1950, Carter 1971).

inSurveys carried out in Tanzania late 1960's revealed
infested in a Pinus radiata seedthat trees weresome

in 1967 at Sao Hill fromorchard stand that was planted
InfestationsAustralian materials (Odera 1974). were

timealso reported during the from seed orchardssame
that were planted in 1968 in Kenya and Westat Muguga

from the nursery materials.same
infestation at Sao Hill and West Kilimanjaro impliesThe

that the pest was probably distributed with the planting
stock from East African Agricultural and Forestry

sole distributor of the seed orchard materials (Odera
1974). At the
covered about 1,700 he. in Tanzania (Odera 1974). Today,
in 1989 nearly all pine plantations in Tanzania (Figure 
1) have been infested’, only with varying degree of attack 
(Diwani et al. 1984a).

spp-
and secondary hosts (Odera 1974, Barnes et al. 1976).

Kilimanjaro, Tanzania,

end of March, 1973, the infestation had

Research Organization's (EAAFRO'S) nursery, which was the
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Figure 1. Distribution of the pine plantations in various 
parts of Tanzania.
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initiated in Tanzania on theSeveral studies have been
pine aphid. This includeof the woolly thestatus

dynamics, impac tpopulation the growth andtreeon
biological studies are in a very earlycontrol. These
stage to give any conclusive remarks. Surveys carried

Hill revealed that tree mortality and growthout at Sao
loss is associated with heavy attack, especially in young

comm.).

systematic scientific work has beenNo done todate in
Tanzania thisthe aphid inofto assess occurrence
relation to stand site productivity. A number of biotic,
edaphic and climatic factors known to influence theare
relative insectabundance populationsof (Berryman
1981). A sound approach to elucidate a complex problem.
is single one (or a few)to factorsout for closer
studies. The information so obtained may assist in future

which include variousmanagement systems,pest may
silvicultural procedures. The studypresent was

carried Hill with the followingtherefore out at Sao
objectives:

- to examine the relationship between pine stand
productivity and abundance of the pine woolly aphid.

tree growth.
- to elucidate the impact of P. pini on

stands grown in inferior sites (Mansy 1988, pers.



7

CHAPTER 2

LITERATURE REVIEW

Pineus has been well studied in Europe, Russia and North
America. last few decades there has been sometheOver
work on this pest in the tropical and subtropical regions
of Australia, Tasmania, New Zealand, South America and in
Africa.

In this chapter historical review the pest isthe of
given, emphasis is on the work themost recent on
pest/host relationship and the related subjects.

Family Adelgidae2.1
Historical review2.1.1

Ghosh (1983)Citing from the adelgids known,were
(1928),according Annand far backto 1583.as as
(1896)Cholodkovsky first valuabletheHowever, gave

to the knowledge of the group.contribution The biology
adelgidsof the first described byand taxonomy was

Borner (1908) and the first monograph on the biology was
(1913).Marchalpublished by Nearly all the available

this insects was compiled byofinformation on group
Annand (1928).

and Borner and Heinze (1957)(1953) givenhaveInouye
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accounts of adelgids of Japan and Europe, whiledetailed
Shaposhnikor (1967) have contributed(1966) andEastop

for identification of the USSR and Australianwith keys
Carter (1971) has given a world check-list of thefauna.

In Eastern Africa sub-regionspecies within the family.
sixties and the pioneerslatein thethis study came

Mailu (1972), Odera (1974), Barnes etBrown (1968)/include:
al. (1976). world fauna includes 46The present over

host
(Ghosh 1983).

Description of the family2.1.2
Within the order Homoptera the superfamily Aphidoidea has

Adelgidaefamilies, Aphididae, andthree namely
Phylloxeridae. two differ from the first inlaterThe

parthenogeneticboth andthat sexuales forms are
oviparous as opposed to viviparity in the parthenogenetic

of Aphididae.forms The fore wing is devoid radialof
sector, which is otherwise normally present in Aphididae.
Adelgids in general have short 2-5 segmented antennae.
with 2 primary rhinaria in apterae and 3 in alatae; the
wings are usually held roof-like in and theresponse

adelgidsThe known toare feed only Coniferae.on
Normally, the biology involves host alteration. the
primary hosts being Picea spp. and the secondary hosts are

cubitus 1 and 2 remain-separated in the fore wing (Ghosh 
1983).

species, many of which are known only from a single
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primary host,conifers. theotherof Onspecies
theas a response byformedcharacteristic galls are

on the developingfundatrixplant to the feeding of the
A total of 5 generations (ofbud (Ghosh 1983).terminal

parthenogenetic) covering a period of twowhich 4 are
1971, Ghoshyears complete the normal lifecycle (Carter

1983) .

also a monoecious anholocyclic life cyclehaveThey may
and progrediousgenerations sistenswith only oftwo

primary host is absent. where secondarywhereforms,
generations consist ofabsent, thehosts are
non-migrants (Chrystal 1937,pseudofundatrix alateand

Carter 1971).

Genus Pineus2.1.3
The main morphological feature that separates Pineus from

the reduction of the abdominal spiraclesAdelges lies in
in the former to four distinct pairs, Adelges has five.
Other differentiating features are mostly confined on the
head and the wax glands (Carter 1971).

All of the Piheus species arestages extremely small,
bearely visible to the naked eye, and their presence can
usually be detected only from the presence of small tufts
of white "wool". These small clumps of "wool" appear
initially around the base of the pine needles on the
young growing shoots. As the number of aphids increases,
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is produced which may spread downa solid mass of "wool"
the branches of the tree and even on the trunk.

Beneath each of these tufts of "wool", which is in fact a
exudation,waxy

or purplish brown in colour and just under 1.0 mm long.
surroundedWhen often bymature,

yellowish-orange each about 0.3 mmabout a dozen eggs
From the eggs hatch small "crawlers", flattenedlong.

insects each about 0.4 mm long: these ares traw-coloured
capable of active crawling and may also be carried by the

period, thewind. a short settle downAfter
feeding site, suckingin a suitable insert their

tissues into themouthparts into the host and develop

feeding and reproductive stages (Browncovered"wool"
Mailu et al.1968). Citing < from (1980), Odera (1972)

the length of the life cycle for the Pineusshowed that
found in East Africa is 75± 7.3 days in the fieldspecies

at any time of the year (19.0°C
overlapping generations over the year.

four instars.The crawlers have about Dispersal occurs
mainly during the craw’ler butstage, also eggs are
transported by wind (Mailu 1972, Odera 1974). Adults are
wingless females, but also winged females are produced.

winged dieHowever, these adults out. unlike in the
northern temperate regions where these winged adults move
to the primary host (Mailu 1972).

"crawlers"

these "feeders" are

will be found a feeding insect, reddish

to 24.5°C), thus it has
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In the species recorded
Wingless females reproduce parthenogenetically,noticed.

and eggs are laid in groups. About sixty eggs are found
hatch inclustering around the females theseand eggs

about 10 days (Mailu 1972).

are positively phototactic,Pine woolly aphid crawlers
onto surface exposed to strong lightbut do not settle

This characteristic(Mailu et al. 1982b). makes them
in hidden tight crevices.settle the and hence an

important factor for aphid survival.

2.2 Introduction, spread and host trees of the pine
woolly aphid in East Africa.

aphid was introduced in Rhodesia (nowpine woollyThe
Pinus taeda and caribaeaZimbabwe) and Kenya P.on

inimported Australiascions from 1962 and 1968
first known occurrences ofrespectively. These are the

the genus Pineus in Africa south of Sahara (Odera 1969 and
1974, et al. 1976). his world checkBarnes In list

family Adelgidae, Carter (1971) listedof the Pineus
species occurring as pests on pines in South America and

mentionAustralia but did Pineusnot species Inany
Africa of Sahara. The pest has not been reportedsouth
from Uganda, Zambia and Malawi (Odera 1974, Loyttyniemi

Salendor and Bubala 1983) . This was
partly countries did not participate inbecause these
1980, Katerere 1983,

in E. Africa, no males have been



12

orchard planting programmes as did Tanzania,joint seed
Kenya and Zimbabwe (Odera 1974)*

observation was made in 1968,firstIn Kenya, where the
the spread had obviously occurred very fast. In the same

found in pines around Mugugayear, heavy infestation was
In Zimbabwe, the initial spread(centre of infestation).

in firstHowever, it picked (when1968was slow. up
noticed) partly because the condition was very favourable

1976) .for population build up (Barnes et al.

In Tanzania, the pine woolly aphid was first found at Sao
plantations inWest Kilimanjaro forest 1968Hill and

Tanzania which a member of1974).(Odera Eastwas
and Forestry Research OrganisationAgriculturalAfrican

participated in plantingseed(EAAFRO) and orchard
theprobably through r^diatagot pest P.programme

planting imported from Australia throughstocknursery
Kenya in 1964 (Odera 1974).

introductionThe initial Pineus was probably in theof
few lodged inform of a the needle bases or budeggs

scales of the scions (Barnes et al. 1976). Barnes et al.
(1976) reported that spread of eggs and crawlers was

carriedprobably the
of nursery stock. Spread

within plantations was fast through wind dispersal of
flightless crawlers and eggs. byor

on the- clothing of men working in 
nurseries, or by distribution

insects, birds and
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faster in large and uniformSpread wasother animals.
than small and isolated stands (Oderas tands/monocultures

1974).

pines beenspecies of have41In East Africa, about
species recorded30aboutandintroduced asare

aphid 1974,furnishing food for the pine woolly (Odera
Certain species varieties ofandBarnes et al. 1976).

attack, and support highertoconifers are more prone
rates than others (Barnes et al. 1976,aphid development

Nichols 1985).Mailu 1982b, Carter andal.et For
in Pinusexample, Africa massoniana,Eastern P.

virginiana, P. radiata were
the favoured species.most readilypatulaP. was

whileattacked P. ayacahuite and strobusP. var.
Chiapensis were found resistant (Odera 1974, etBarnes
al. 1976). Africa, development is restricted toIn E.
pines since the primary host of the aphid (Picea sp.) is

grown on the African continent (Odera 1974).not Pines
attacked (Odera 1974, Barnes et al.

1976).

2,3 Taxonomic status of the species in East Africa
The woolly aphid laevis

RichardsW.R. of Canadian
Development

of P. is restricted radiatato P. isand

was tentatively identified as P.
or Bini according to Dr.
Entomology Research Institute (Odera 1974). 

laevis

of all sizes are

elliottii, P. contorta and P.
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characterized by a cephalic shield bearing gland-facets
in three groups, about arranged insizethe andsame
small clusters of two to five glands each. In contrast,
the cephalic shield in P. pini, bears distinctly smaller
gland facets adjacent to or mixed with large ones.

One problem decide whether these morphologicaltowas
differences indicate that different species are involved

differentor, whether the resultthey of plantare
microenvironments affecting species (Odera,the same

Differences in size perhaps indicate1974) . a degree of
suitability particular pinesof ofas a source

slightly differentnourishment. ofThe occurrence
is probablydifferent plantsspecimens natural,from

parthenogenetic gives risesince toegg aevery
differentof geneticalparthenogenetic clone

certain degree of morphologicalconstitution. A
thereforecollectiona single iswithinvariation

expected (Odera 1974).

of pine
species and Dr. Richards suggested that the species could
be called P. pini (L) .- Eastop (1988) is of theHowever,

opinion that the P. pini/ laevis complex is an unresolved

mystery, requiring further investigations.

Unlike P. laevis, P. pini attacks a large number



15

2.4 The pine woolly aphid situation at Sao Hill
aphid was found in all thepineAt Sao Hill the woolly

of the project, only with varying degreesfour divisions
in thisshowed a decreaseof attack. General surveys

particularly in the olderin some compartmentspest
first spottedstands, contrary to what was expected when

This was due in partin the late sixties (Kisaka 1988).
It seems there is time lag between theto the predators.

aphid infestation and predator establishment in the young
This standsthat bestands. young may moremeans

affected by sap suckers than old ones (Kisaka 1988). The
most abundant local predators were:

Chrysopa spp., Chrysopidae, Neuroptera and
Allograpta spp., Syrphidae, Diptera.
These predators are not well established at Sao Hill for
effective population reduction (Mshiu 1984).

raoi, Anthocoridae, Hemiptera, importedTetraphleps an
from Pakistan and released at Sao Hill in 1979 was found
in almost the pine woolly aphid infested areas.all It
has however, not reduced the population sufficiently to
prevent tree growth. reduction and occasional tree
mortality (Kisaka 1988).

2.5 Population dynamics
Insects do not normally serious damage to forestscause

Exochomus spp., Coccinellidae, Coleoptera
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unless their numbers increase for some reason or another,
(1981)to very high densities (Berryman 1987). Berryman

responsible for populationdiscusses factorssome
Theoretical and empiricalinsects.dynamics forestof

characteristicssite havestudies thatdemonstrate
herbivore insects.important effects on the dynamics of

activity (anlevel ofGiven an economically acceptable
sites can be classified intothreshold) theneconomic

acceptable and unacceptable for planting particular tree
species•

to forest insects isPopulation dynamics as they relate
insectandessential both forestfor pestmanagers

without it they will often find themselvesformanagers
grouping in the dark for solutions to their pest problems

even make decisions that compound rather thanand may
solve the problems (Berryman 1987).

Several studies on host plant/aphid interaction have been
However, it has proved difficult to estimateconducted.

how far such aphid/host interactions contribute to aphid
population regulation in the field (Dixon 1979). This is
partly due to the fact that most aphid species tend to
exploit a succession of host plants disperseand over
large leading to insurmountable difficultiesareas, in
population sampling. Also the well established methods
for examining the population'dynamics insectsof with
discrete generations are not generally applicable to
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generations.have overlappingwhichpopulationsaphid
techniques have either proved unsatisfactoryAlternative

been of limited use inhave1978)(Carter al.et or
providing biological insights (Perrin 1976).

appliedhave beenmethodssimulationComputer
aphid population studies.ofin a numbersuccessfully

Using system simulation approach for example, Kidd (1985)
within haveseasonal changes treesfound that an

andgrowth developmentinfluenceimportant on
Cinara pinea. In anotherreproduction and mortality of

models(1976) developedGilbert al.approach, et
capable of assessing the relative importancepotentially

of all the factors influencing population fluctuations.

fluctuations in numbers of the pinewideIn East Africa
woolly aphid have occurred, and these variations in the

densitiespopulation related rainfall andtowere
activities of the predators (Barnes et al. 1976, Mailu et

dispersional. 1980). Crawler and heat have also been
implicated as causing mortality to the aphids (Mailu et
al. 1980).

2.6 Infestation pattern and population estimation
2.6.1 Infestation pattern.

Successful establishment of air-borne
insects or those transported by other agencies depends on

Aphids and other light-bodied insects may be carried long 
distances by wind.
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.susceptible hostsand ability to Cindtheir longevity

(Johnson 1969).

sporadicbeof Adelgidae ormayInfestation pattern
ininfested;Sometimes medium sized treesfocal. are

attacked (Ghoshinstances only young plants areother
(1974) observed the infestation pineof1983). Oder a

within individualin patchesaphid towoolly occur
lightheavy, moderateand thus trees under orstands,

individual trees which werewithinfestation coexisted

not infested.

mode insect distribution on the tree is mainlyThe of
affected by light, wind,and and thetemperature so
insects could attain the favourable microclimatic sites
(Salama and Saleh 1974). The effect variation inof

tissueplant

studied (Larsson 1985). Some of the
best of to

Cinara feed mainly on stem and branch
ous species and are known toconifer

sites within the thecrown as
Three

colonization (McClure 1982).

examples 
differences in

quality on the success of insect herbivores 
has thoroughly been 

known

1974, Parry 1974, Carter and Cole 1977). 
genus

'-^oing

Geeds (Carter and Maslen 1982). 
fe

adaptations to within-plant 
tissue quality are found among sap-feeding 

insects (Wratten 
Aphids of the 
internodes Of
change their 
growing seaSon 

,ecies of
eding on red pine, Pinus resinosa had

of



19

the highest number of pine woolly aphid ispatulaOn P.
Thiscrown (Mailu et al. 1982a).found in the middle

(1973) ,agrees with the findings of Ford and Diamond on
also Lasota and Shetlar (1986) on DouglasP. strobus and

fir but disagrees with the findings by Diamond and Allen
(1982), foundMcClureFurther,

high concentrations of Pineus boerneri and P. coloradensis
Pinusold growthbranches of 3-yearlowertheon

The lower and middle crowns of P. patula and P.resinosa.
the sun owing toless directresinosa receive ofrays

This would tend to encourageshade of branches above it.
aggregation of aphids * in the middle crown where there is

hand,strong direct light. the otherless On spruce
penetratingsunlightcrown tend to be thick, with less
leaving somethrough middle parts of the tree crown,

without enough light. Aphids would, therefore, tend to
with light, hence their heavyin theaggregate areas

concentration in the upper branch whorls on spruce (Ford
Diamondand 1973). Working with rileyi,Eulachnus

Odendaal (1980), found large numbers insectsof where
light conditions are good.

2.6.2 Population estimation
The estimation of insect abundance
of almost
In bemust considered
(Morris 1954). Instead of counting total populations

is usually measured by index thatan xsabundance t

is an essential part 
every phase of modern forest pest management, 

such operation labour and costs

(1974), on Picea abies.
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relatively easy to estimate and related to insect numbers
Several methods have been suggestedover the whole tree.

insectfor commones tthesome defoliators, usesone
density in the middle part of the tree (Srivastava et al.

Mason 1987).1984-, Other cheap and relatively efficient
methods include simple ocular estimation of defoliation

examinationaccompanied ofby crown foliage andtree
estimating the percent of foliage removed (Connola et al.
1966). Aerial photography has also been used (Anderson
1964, Telerica 1981). Dealing with Pineus, needle length

the host tree and percentage ofon twig covered with
been used (Diamond and Allen 1974, Mailu et"wool" have

al. 1978a, Mailu et al. 1982a).
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Economic importance of the pine woolly aphid2.7

Aphid infestation and its impact on growth2.7.1

since theyinsectsimportanteconomicallyAphids are
stems andattack most plants, infesting leaves,roots,

several well-known aphid species arefruits. Although
their life cycles, theofduringpolyphagous parts

majority of aphids are monophagous or oligophagous (Hille
By sucking the phloem1973) .Ris Lambers 1950, Eastop

theircan cause deformities and loss of growth,sap they
mould and they cangrowth ofexcretions can favour the

plant to plant (Carter anddiseases fromtransmit virus
Nichols 1985, Kidd 1985).

species which causeThe genus Pineus may contain several
when they attack and spread in pine plantations.concern,

These pests have long been of economic importance . in the
northern temperate zones (Browne 1968). In North America
and Canada the pests have caused considerable losses in

whenforestry, both stock and plantations arenursery
infested. During the onset of infestation. trees are
often .felled to control the infestation,spread of

brought about
1968).

Attack by the Pineus leads to discoloration and defoliat-

8 8 —A O)

8iv>

(sanitation felling) which itself contributes to the loss 
by the pest (Yaseem and Ghani 1966, Browne
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The first sign of damageion, mostly of the old needles.
of buds (Dixonby abortionneedles followedis stunted

Carter 1977, Mailu et al. 1978b).1971a & b,

needles and needle shedding, theto stuntedIn addition
reduced increment observed in pines attacked by Pineus is
also probably due to inhibition of bud growth, or reduced

branches the mostshoot elongation. The youngest are
penetration by thethe stylets, hencesuitable for

stricking effects.Lopmost branches would show the most
young shoots dying, the whole plant may succumbWith the

infestation (Mailu 1972,depending ofthe degreeon
Tanton and Alder 1977, Mailu et al. 1978b).

infestation with theeffect PineusThe of varymay
species of the host, some species are capable of tolerat-

There is closeing heavy attacks (Barnes et al. 1976).
relationship between the infestation density and ■loss of
yield (DeBoo Mailual. 1964,et al. 1978a & b).et
Cummulative aphid attack could lead tree mortalityto
especially in plantations grown at inferior sites (Mailu
et al. 1978a &b). As to the Balsam Woolly Aphid, Arthur
and Hain (1986) showed that 2 - 7 years of continuous
attack resulted in tree mortality. In the stem infesting
aphid species, the salivary injections of these insects

stimulation of growth which results in the
production of hard brittle wood.

have some chemical effect on the cambium causing abnorma­
lly increased

(Balch et al. 1964,
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Mitchell 1967).

Evaluation of economic consequences2.7.2

the economicevaluation of consequences of insectIn any
infestations all the following factors should be tc.ken

into consideration.

the value of plantation at different stages,
optimum rotation and interest-paying capacity,
the loss of increment resulting from various degrees
of infestation,
the risk of successive infestations,
tree mortality,
secondary pests and

) the cost of control measures.

economicIn a somewhat simplified losses, resultingway
calculated from the followinginfestation befrom can

relationships (Austara 1968):

B = 1.0p
Ta 
1.0pa-dYr- 4- r-d^

L=» B — B1 .Op t



24

Where: L = Current value of the loss caused by infest­
ation.

B = Value of the standing crop at rotation age
and intermediate thinnings discounted back to
the year of infestation.

Yr= The value of standing crop at rotation age.
p = The rate of interest.

= The rotation age.r
d = The age of the stand at the time of infesta­

tion.
Ta= Value of thinnings at the time of extraction.

= The age of .the stand at the time of thinninga
t = Extension of rotation and delay in output of

thinnings due to infestation.

indication can beabove relationship/ a clearFrom the
of applyingotherwiseobtained of the profitability or

(Austarainfestationscontrol preventtomeasures
1968).

Control measures2.8

whose control is either a social or economical necessity
(Clark et al. 1982). Several control measures have been

chemical/ biologic-
and genetical. Amongst the aphids and

discussed and they broadly include: 
al, silvicultural

In any insect control programme, the main concern is with 
the species whose injurious potential is established and
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considerable variat-other tree feeding insects there is

in thestudiedbespecies mustthecontrol purposes
be veryaphids1975). As(Carter canenvironment

high reproduct-as they have aefficient immigrants and
lasting approach to pestlongive potential, some

1975).control programme have been suggested (Carter

Chemical spraying is detrimental to non-target organisms,
very expensive. Timingand iscontaminates environment

the shoots withand optimalof application coverage of
are critical to control, however, diffic-the insecticide

ult to achieve (deGroot therefore be1985). It should
fail.othershort-term when allused as a measure

Exclusive reliance on insecticides in pest control have
problemscreated in insect environmentcontrol and

(Metcalf 1986). These problems strengthened the need for
basedmethods understanding and management■of theon

growingecosystems. A body informationof theon
reproduction (Lowery and Sears 1986) and behavior (Gibson
et al. 1982, Boitean et al. 1985) of insects should also
be considered.

Several chemical

Odera (1971) suggested
that andpropoxur endosulfan most effective

P. pinistages of
was partly effective in

are the 
insecticides against all developmental 
in E. Africa.

insecticides have been tried against P, 
pini in E. Africa (Brown 1970).

ion in life cycle pattern, so much, so that for effective

Gamma BHC spray
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(Odora 1971,ZimbabweinsuccessfulKenya but was not
Chemical spraying to eradicate P.al. 1976).Barnes et

(Culliney et al.in Hawaiipini showed complete failure
1988).

predators and pathogens controlof parasites,A variety

role ina significantcan playforest insect.pests and
population (Price et al. 1980). Theregulating insect

comprises parasi-natural enemy complex of the Adelgidae
the Chalcididae, Proctqtrapidaetes mostly belonging to

Diptera(Coccinellidae),Coleopteraand predators of
(Chamaemyiidae), Hemiptera (Anthocoridae), Neuroptera and

enemies areAcarina (Anystidae). of naturaltheMost
genera Adelges, and Pineus (Ghosh 1983).known of host

Species of Leucopis (Diptera: Chamaemyiidae) have been
considered important predators of adelgids inthe most
Europe (Ponomarera and Gabrid 1984) and Africa (Eichhorn
1968). Chacko (1973) describes Tetraphleps raoi as the
most important predator of Pineus sp. at Shillong, India.
Its importance is associated with the feeding habit which
devour all stages of Pineus. Leucopis was also found to

importantbe (biocontrol). Culliney al. (1988)et
reported L. obscura to have regulated pini at itsP.
higher densities, to below economically significant
levels in Hawaii.

Both local and introduced predators have shown some
positive effects in controlling Pineus in Eastern Africa
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198 0,Mailu a 1.1976,(Mailu 1972, Barnes al. ctet
isAccordingly clearthereDiwani al. 1984b).et

evidence that Exochomus species is the most abundant and

effective local attacking P. pini in Easternpredator
Africa. On the is one ofother hand, Tetraphleps raoi
the most effective exotic predators of the Pineus.

Working predator release program for balsam woollyon
aphid, Harris and Dawson (1979) found similar results as
those obtained in E. Africa with Pineus. On the other
hand Clark et al. (1971) found Diptera andpredaceous
Coleoptera significantlywell established, but not
reducing the damage in Parasites andAbies species.
highly-virulent polyhedrosis virus been found anhave
outstanding biological control of anexample of the
introduced insect (Clark et al. 1982).

evidenceis considerable thatThere theto suggest
correct siting.and proper practices of pinemanagement
species are important.silvicultural factors in the control
of Pineus (Barnes et al. 1976). .Several beetle pests
have been reduced to a tolerable level by simple silvicu­
ltural operations (Waring and Pitman 1980, Larsson et al.
1983). Studies to evaluate the effects of silvicultural
treatments on a number of suggested indices of susceptib­
ility have been undertaken (Matson et al. 1987).

There few thattrees have good reputation forare a
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et al.1974, Barnes(Oderaresistance to aphid attack
and MacDonald 1977, Mailu et al. 1982b). The1976, Hoff

practically unknownreasons for resistance to aphids are
investigation (Carter 1975, Hoff and MacDon-and deserve

breeding for resistanceaid 1977). these studiesFrom
poses good prospects for the control of Pineus (Barnes et
al. 1976, Tanton and Alder 1977). These prospects agree

Odendaal (1980) and Hoff and MacDonaldwith the work of
coloradensisPineus(1977) rileyiEulachnus andon

andrespectively. understandthat whenIt seems we
be able tomanipulate the nutrition of our trees we may

effective regulation on ourimpose subtle yetmorea
yet promisingaphid pests (Carter 1975). andAnother

Integrated Pest Management (IPM)is thecontrol measure
(1986) and

Bostanian and Coulombe (1986).

Mechanisms of stand susceptibility and outbreaks2.9

are a set of physical parameters on which aSite factors
particular forest stand grows. The physical structure of

vegetation, its associated microclimate,and thea
influence of parasites and predators and the host finding
and reproductive ' behaviour of the insect play an import­
ant role in determining the level of insect attack (Lario
1978, Hodkinson and Hughes 1982).
particular site for plant growth depends on soil,
physical chemicaland characteristics and climate. On

as for example discussed by Coulson and Stark

The suitability of a
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to attacksusceptibility of a plantthe other hand the
often related toand injury insects isby phytophagous

(White 1969the degree of climatic stress on that plant
and 1974, Barnes et al. 1976).

Host-plant suitability and acceptability have traditiona­
lly been measured as of host-plantcomponentsseparate

(Hanson 1983) . Martinat andpreference 1983, Lance
Barbosa (1987) provided evidence that the usual methods

hosts suitability may actually confoundassessing aof
effects of its acceptability. insects aregeneralIn

damage as site conditions becomelikely to cause more-
more xeric (Bejer-Petersen et et al.1974,al. Barnes

Loyttyniemi Berryman 1981,1980,1979, Odendaal1976,
Air contamina-Heikkenen 1981, Larsson and Tenow 1983).

influence outbreak patterns of forest insects.nts may
relationships remainedusuallycausal haveHowever,

uncertain due to lack of experimental studies (Neuvonen
and Lindgren 1987).

Stand density and age are important variables associated
with the probability of insect damage to forests (Furniss

1980,Wratten Stoszek et al.
1981, Berryman 1987). For example, bark beetle outbreaks
have been associated with high stand densities presuma-

low vigour (Matson et al. 1987). Both preformed static
and induceddefence dynamic defences offer barriers to

b.ly because high densities lead to poor host condition or

et al. 1978, Edwards and
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insects against plants (Edwards and Wratten 1985,
energy is neededBerryman 1987). Considerable amount of

synthesize and Pitmandefensive chemicals (Waringto
1980) and the amount of energy reserves of plants depend

including light,factors, soil nutrients andmanyon
plant ageing (White 1974,

Mattson 1980, Larsson and Tenow 1984, White 1984, Carter
and Nichols 1985).

The species composition also directlyof stand maya
production and survival of insect pests.affect the The

insect species must be able to select its particular food
plant(s) array of availablefrom complexamongst the
species and it must ensure of feedingperiodthat the

coincide with periods plant availabilityactivity of
(Stoszek et al. 1981, Hodkinson and Hughes 1982).

The relationships between site characteristics and the
the insect habitant are important arrayssuitability of

to anticipate the intensity insectof activities on a
site. Directparticular relationships easilyare

compared indirectassessed to factors. Indirectas
factors should however be in our mind when carrying out
insect population studies. Because the associationof
between environmental conditions and stand susceptibili­
ty, silvicultural practices can be used to improve stand
resistance (Belanger and Malac 1980).

water, season of the year and
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2.10 Forest site productivity

The capacity of a tree species to thrive and successfully
site influenced by botha particularcompete ison

internal (physiological makeup of the tree) and external
(environmental) factors (Pritchett 1979, Berryman 1981).

which soil the majoroffactors formsThe external
component are very important in determining site quality,

Sitecapacity ofi.e. the the land to produce trees.
productivity can therefore be considered as the sum total

site quality and management input (Pritchett 1979).of
Productivity is however., subject varying degrees ofto
alteration by manipulation of growing stock or modificat­
ion of the site.

of forest sitePragmatically, the goal of any evaluator
productivity is relatively easilyfewselectto a
measured soil and site integrate all otherfactors that
factors that are important to the growth of a particular
species. The important includefactors standmost
density, genetic differences of the species, competition

disease and insect problems, climatic, physiogr-control,
aphic and soil factors (Pritchett 1979).

Direct measurements of forest productivity on a site that

because suitable stand for measurement
may not exist. Methods have therefore been found to make

is thought to be best suited for timber production is not 
always possible,
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estimates of productivepossible sufficiently accurate

capacity by reference to certain permanent factors of the
example indicator plants that are easilyenvironment for

measurable and mappable (MacLeod and Running 1988).

Site quality2.10.1

intendsestimationsite generallyquality toForest
Commonly

stand) and(tree or
assumes that it closely approximates the potential of the

directly orassessedsite (Hagglund 1981). beIt can
Site index is1980).and Whihelmijindirectly (Schonau

presumably the most widely used indicator of site quality
It is defined as the height of(Tesh 1981).in forests

specified basedominant trees in an even-aged stand at a
a given age, dominantspeciesgiven atFor aage.
capacity .a givenofheight is closely related to the

of that species (Spurr and Barnessite to produce wood
is however,Observed productivity a complicated1980).

manifestation interactions betweenof the biotic and

abiotic factors (MacLeod and Running 1988).

The determination of site index is usually accomplished
by measuring the height and age of a number of trees in a
forest stand, assessing a set of guide curves with these

pairs,data inferringand site index by interpolating
siteReal index only becan

quantify potential productivity (Carmean 1975). 
the forester measures productivity

height to the base age.
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sitedeterminingfor
Schonau

and Purnell 1987).

The usual systems of site quality determination involving
the requiredthe measurement of standing timber provides

consideration is stocked withunderdata if the area
which are sufficientlyspeciesdesiredstands of the

application method.permit of the Frommature to
isproductivityqualitative viewpoint, low level of

associated with extremely arid soil conditionsusually
high yield moist welland the occurrence of deepon

drained sites (Kozlowski 1982). The method in use should
well be defined in sound conclusionadvance for on the
site quality.

2.10.2 Site/insect interactions

/
Site characteristics can affect the suitability of insect
habitats on two basic a directhavetheyways ; can
effect on insect survival and reproduction and they can
indirectly effect these through their influe­
nce on

parameters 
the host plant (Figure 2).

1988). Several other
Quality have been suggested (Lee and Sypolt 1974,

derived by using stem analysis techniques or by measuring 
base age (MacLeod and Runningstands at the appropriate

methods
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HOST QUALITIES
- Vigour
- Chemistry
Defence
systems etc.

SITE QUALITIES

- Reproduction
Survival

- Dispersal etc.

Recycling

DirectFigure 2. interactions betweenindirectand
characteristics of the site and herbivore insect popul­
ations (Berryman 1981).

Berryman (1981) gives theoretical relationship between
site characteristics insect herbivores.and damage by
Reduction in tree survival, growth and yield as a result

attacksof of insects diseases haveand long been
recognized (Berryman most instances where1987). In

INSECT POPULATION

!-■ Chemistry
I- Soil biota
i
i- Indirect radiation
|- Precipitation etc.-------------------------

- Soil structure



or severelykilledofsubstantial numbers trees a l e
the effects of the post on site productivity aredamaged,

estimate. Susceptibility of someeasy to recognize and
species to diseases varies depending on theinsects and

growing in inferior sites having higher-site, those
colonization/incidences (Carter and Nicholsof attack
1980).

Some insects such as the southern pine beetle can cause
major significant reductions in sitedamage andtree
productivity. Insects such as tip moth (Rhyacionia spp.)
and pine sawfly (Neodiprion sp.) may result in the loss

have little lastingof one or two years growth, but they
productivity. instances the pesteffect In moston

damages can be identified of theseand assessed. Many
in vigour,stands of wherefoundinsects poorare
triggered by soil moisture stressesoutbreaks are often

(Berrymandisturbances 1981,humannaturaland or
Exotic treesHain 1986).Pritchett 1979, Arthur and

higher production in absence of their naturalcould have
pests and diseases (Jackson 1965).

Sampling techniques2.11

do require exactmanagementMany pest notprogrammes
population densityestimates of but rather require that

pest populations categorized into density classesare
which are related to predictable levels of crop loss.
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As it is normally impossible to count all the individuals
in a population, it is necessary to estimate the populat-

Naturally the estimates should have theion by sampling.
with of workhighest accuracy commensurate the amount
be so a sampling programmeif this is toexpended, and

distribution, number ofsizewhich lays down the and
samples will There is no universalneed to be drawn up.

optimal sampling designs aresampling method, however,
those that provide a good estimate of the population mean

samples (Southwooddensity vj: '.h ofthe least number
1987) .

population beinsectSampling particular mustof a
life cycle of theresolved about the distribution and

If life-cycle isinsect involved (Graham and Stark 1954).

gainpreliminary isworkknown, to somenecessary
the distribution of the insect and the costknowledge of

sampling.(work involved) of the researcher alsoThe
needs to be clear as to the exact problem he is proposing
to investigate (Morris 1960).

Sequential sampling is importantalso tool for anan
extensive forest insect survey program, which seeks to
monitor changes in the distribution and density of insect
populations large (Iwao 1975).over Sequentialareas
sampling often reduces the number of samples required to

decision aboutmake a control requirements by assessing
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(1955) gives thethe data as they are collected. Waters
mathematical plan he concludes thatinsect andfor any

the cost of scouting can be as 50muchreduced by as
Sequential sampling plans are available forpercent.

many important biological problems and for several forest
(Morris 1954, Connola 1959, Mailu et al.pests et al.

1978a, Turgeon and Regniere 1987, Regniere et al. 1988).

forestry, sampling is eitherIn randompattern or
systematic. Selection of a particular pattern depends on
the object of the programme. Stratified random sampling
is preferred to random or systematic sampling for most
ecological work because dispersion if everis seldom,
normal (Abrahamsen 1968). Stratification should be based

information density distributionthe of theonon
population.

samplinginsect has however, suggested that smallMost
stratified yieldunits, carefully the most efficient

(Morrisdesign 1960). Appropriate sampling procedures
different developmentalfor ofstages conifer woolly

discussed byaphid is Ford and Diamond (1973), Diamond
and Allen (1974), Bryant (1976) and Mailu et al.(1982a).
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Sampling intensity can be determined in two ways:

plots required(i) By calculating the number fieldof
for a given probability level and allowable sampling
error (Snedecor and Cochran 1980).

(ii) By selecting a fixed sampling intensity or number of
sampling units before fieldstarting Thiswork.

be decided upon based on the limitationnumber can
of time and money available (Southwood 1987).

This chapter shows the complexity of problems with which
studies insect ecology aredeal when ofhas toone

It is also clear that in a short time studyundertaken.
Masters dissertation, only a very limited part oflike a

such a problem complex can be studied.
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CHAPTER 3

MATERIALS AND METHODS

Location3.1

experimentalThe site is Sao Hill forest project,at
Mufindi District, Iringa Region (Figure 3). The project
is ■. managed Division of the Ministry ofby the Forest
Lands, Natural Resources and Tourism. It is located at
8°18'S to 8°33'S and 35°6'E to 35°20'E.

3.1.1 Area and tree species composition

comprisesplantation main blocks, namelyof fourThe
andDivision I, The total of theIII IV.II, area
152,650 ha which ha isis ofabout 60,000reserve

plantable, and up to 1988,42,000 ha was already planted
Divisions I and II have a total of 21,000 ha(Anon 1988).

planted, division III and IV have 16,000 ha and 5,000 ha
respectively. The main species are (acreage in brackets):

(l,312ha), P.ha),(31,439Pinus caribaeapatula P.
mi'xedha), pines(209 (1,689 ha),radiata Cupressus
and(135 ha) Eucalyptuslusitanica saligna/ grandis

spite itsofha).(4,000 In superior­ growth, the
planting of P. radiata was abandoned toward- the end or

its susceptibility to the needle blight,due to1960's
Dothistroma pini (Scirrhia pini) .
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Figure 3« Sao Hill forest plantation map.



due toalso stoppedLately, planting of P. elliottii is
wood for both timber and pulpits slow growth, inferior

production and susceptibility to pine woolly aphid (Mtuy
emphasis is therefore placed1988 pers.comm.). Present

findingplanting andpatula, EucalyptusP. spp.on
elliott-alternative species to replace P. radiata and P.

ii.

3.1.2 Climate

rainy seasonThe climate at Sao Hill is characterized by
to April dry season from May toand longfrom November

meteorological data for the SaoDetailedlate October.
Rainfall ranges fromNykvist (1976a).Hill is given by

of 1300 mm.600 mm to 1500 mm per annum, with an average
more rain than theeast receivesin theThe escarpment

rest of the project.

maximaand18°C 23°C to 28°C.10°Cbetween tovary
Temperatures are lowest in and July during whichJune
frost may occur.

Prevailing winds are monsoons, which blow from south east

The temperatures are fairly cool, the mean monthly minima

in the dry season and north east in the wet season.
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3.1.3 Topography, soils and natural vegetation

The land form is generally rolling, interacted with some
The altitudelow hills and wide flat-bottomed valleys.

ranges between 1,700 m to 2,000 m above sea level.

The whole plantation is intersected by rivers and streams
with wide swampy valleys.

detailed description soils at the Sao Hill-of theA
Mufindi area has been given by Nykvist (1975). The soils

with exchange capacity; pHloams basesandy loware
The soils are derivedranging from 4.5 to 6.5. from the
and are generally considered ascomplex rocksbasement

Nykvistless fertile than volcanic origin.those of
following of(1976b) observed thethe contentson

macronutrients:

chemical composit-There is no clear differences in
ion between catenas; and
There is a high content of nitrogen and exchangeable
potassium in the valleys and the lower parts of the

No clear trend was observed for phosphoro-slopes.
magnesium and calcium.us,

The dominant vegetation is savanna grassland. Some areas
with species of Brachystcgia, Albizia, Cusson-are bushy

ia, and Julbernardia.
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3.2 Pr_.P^ tula _plantaU-.ons _a t..Sap Hi .1.1.

P. patula was first introduced by the colonialists into

in thethe area 1930's. The first plots with seed crop
origin from South Africa and Australia were planted at
Kigogo arboretum. The plots with other olderalong
plantations developed to being the main seed source for
the afforestation at Sao Hill.

Large scale planting was not started until 1951. Prior
being raised in Swaziland beds.

tubed stock is used. Spacing has varied fromat present
one locality/division to the other, however 2.44 x 2.44 m
is used in most blocks. Spot weeding is usually done

planting. sawlog workingabout a year after theIn
circle, silvicultural include pruning andtreatments
thinning whereas the pulp wood circle needs only access
pruning.

The planting target is about 2,000 ha.annualcurrent
The project is managed working circles, sawlogson two
and Pulp (Anonwood The rotation is 15 to 161988).
years and 25 to 30 years for pulpwood and sawlogs circles
respectively.

The performance of is quiteHillP. patula at Sao
On high quality sites, P. patula produce about

600 per hectare at rotation age (25 years) with mean
variable.

3 m

to 1977, seedlings were
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25 ha. In certainper

locations,
observed to be unsatisfactorybeenhascaribaeaP.

Sao Hill, there are two mainAtal. 1988).(Tangwa et
ofmost the woodconsume

produced from the plantation.
3mill withA saw per

annum and
with input capacity of 300,000

per annum

Pine woolly aphid at Sao Hill3.3

As already
Adelgidae) was first recorded at Sao Hill forest plantat­
ion towards the late as an isolated attack of1960's
Pinus radiata seed orchard planted in 1967 (Odera 1974).

From the seed orchard at Kihanga infestationarboretum.
spread quickly to other pine species in the arboretum and
later to the other parts Sporadicplantation.of the
infestation is Sao Hill and the general trendcommon at
shows east west spread aphid, probably followingof the
the direction of the monsoon winds. Division HI laying
north east and division south of theIV in the further
plantation and well isolated centre of spreadfrom the
have the least infestation. of P.
pini is found in

™3

an input capacity of 60,000 m

The highest population 
the arboretum area possibly ^ue to

Pulp and paper mill 
m3

mentioned, Pinous pini (Macquart) (Homoptera:

annual increment of about
the performance of P^_ pa tula, P. elliottii and

developmental projects which
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situationi tsand tospecies grown therevarious pine

epidemics.of thecentrethenear

Today, about 12, 000 ha of P. patula distributed through­
out the plantation are infested with P. pini with varying
degree of attack. Dead trees, associated with attack are
not uncommon, particularly in the inferior young stands
(Mansy 1988 pers.comm.). Various predacious insects are
present in nearly all sites with pini. The mostP.

found within the Chryosinnelidae,predatorscommon are

Syrphidae, Chrysopidae, Coccinellidae and Anthocoridae
(Diwani et al. 1984b).

Field work3.4

studies wereThe following conducted between September,
1989.1988 and March,

Sampling the pine woolly aphid populations(i)
(ii) Infestation experiment

Sampling the aphid population3.5
3.5.1 Preliminary sampling

Ideally this was done to determine the number of sample
and twigs) required forunits (trees a fixed degree of

mainprecision on the sampling. Sampling was though

a general plantation surveypreceeded by aimed for the
general impression of the aphid attack, age distribution

and site productivity.
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Three site classes I, II and III assumed from the general
this studyinusedimpression of the tree growth were

Three age classes, young (< 10 years),1981) .(Hagglund
middle (10 years) years) were15 ( 15and old >

obtained from the plantation maps and used for the study.
A total of nine compartments were sampled.

Since there were no site class Sao Hill forestmaps fox­
plantation, Adegbehin and Philipused the work ofI
(1979) to determine the site Thisclasses. was later
supplemented with of Chamshama (1979).the work On the
basis of their work it was difficult to distinguish with
a sufficient precision between site classes Idegree of

in the Ideallyand II and II and III class.young age
sites were supposed to represent widelythe experimental

differing conditions (site classes) so that comparisons
of population levels could be based on broad ranges of

site class II wasdifferences. Based on these arguments,
excluded from the main sampling.

In the selected compartments, sampling continued until 20
infested trees were recorded in each of the three sites

Sampling was done from the middleand three age groups.
edge east to west of each The first treecompartment.
along picked, using randomthe transect randomlywas
numbers 1 10. Compass and pacing were used to determ­
ine direction and distance between sample trees. Every
third tree was considered candidate.a However, the
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line was taken for cases wherethealongtreenearest
pacing didn't hit a tree.

the trees were thoroughly checked for theOnce chosen,
aphid attack. This done repeatedly until the 20was
infested trees had been tallied. One twig was cut from

infested eastern orientation of thethe thetrees on
middle crown branch whorl. From each infested twig, a 10

sample, measured from the latest point of attackcm long
(Mailu 1982a).al. Theet

samples were separately kept in polythene bags and stored
were undertaken inin a refrigerator until aphid counts

the laboratory.

years were very difficult towith above 10Trees age
sample. Therefore, for practical reasons (time and money
were most limiting) sampling was to be restricted to only

in the mainyoung age class between 5 and 10 years
sampling. experience at Sao Hill shows thatMorover,
pines in all Pineus attacktoage groups are prone
(Fi nnrp 4) .

towards the base, was cut
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1 w>;

Figure 4. Pineus infestation (whitish shoots) on Pinus patula 
trees of different ages at Sao Hill forest plantation.

- v.
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3.5.2 Site class

Plantation maps in choosing the compartments.were used
In the procedure of determining the site classes, maps of
the compartments with awere covered grid divided into
cells of 0-5 x 0*5 cm (map scale being 1:25,000). The
cells numbered 1,2,3,4 from the south westetc.were
corner of the compartment, to the right to
left in that order.

Random numbers used to pick four sample plots inwere
each circularcompartment. radius 25mplot withA
(giving 0.04ha) was placed at about the centre of each
selected plot. dominant heightsFour (dominant height
refers to height ofthe mean the 100 fattest trees/ha)
were measured in each plot. For each plot, mean dominant
height (MDH) was determined as the arithmetic mean of the

measured dominantheights of the The age oftrees.
was obtained from the plantationindividual compartments

site classificationmade thetoReference wasmaps.
Sao Hill (Figure 5) constructed completely bycurves for

the deviation method to predict the site quality for each
The site classes of1979).and Philipplot (Adegbehin

presented in Table 1.the compartments are

right, then
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Figure 5.Site index curves-24,27,30 and 33 m at 
20 years (Adegbehin and Philip 1979).
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heights(m) usedTable 1. and dominant inAge mean
individualdetermining site theclass for

compartment.

Locality/compt. SiteMDBHAge MDH
(yrs) (m) (cm) class

Kibidula 28 7 14.8 17.5 I
Nyololo 1.18 16.2 21.88 I
Gulusilo III.27 18.5 22.39 I
Gulusilo III.B44 10 19.2 22.9 I
Sao Hill S13.a(ii) 15 28.027.0 I
Nyololo 17 8 14.2 19.0 II
Sao Hill C.37 12 20.0 26.8 II
Msiwasi MS13 17 26.5 28.0 II

10.0 15.5Matanana 1.38 7 III
18.111.5Matanana IV.3 8 III

Gulusilo Illa.14 14.5 21.09 III
17.0 23.811Matanana 1.18 III

26.5Sao Hill S 13.a(i) 22.0 III16
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3.5.3 Ma in sampling.

single twigwork of Mailu et al. (1982a) aBased on the
one tree was chosen as the sample unitlong) from(10 cm

aphid population density for the
trees (or twigs),i. e.Number ofstand.

the results of the preliminary
sampling and deciding on the sampling precision (SE = 10%
of the mean (X) for this study). The following equation

determineused size (no. ofsampletothereforewas
trees) :

(Snedecor and Cochran 1980)n =

where: sample size=

variance between trees (aphidS
populations)
allowable errorL

in estimating the mean
sample units,

were determined by using

n
2 =

4S2
J
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of 100 infestedabove relationship,From the an average
7 0) .considered 4,adequate (Tabletrees pagewas

the most uniform (inprioritySelection given towas
terms of terrain and stocking) compartments.

Sampling procedure under preliminarydiscussedwas as
sampling, however, sample units/trees were taken in the
following order (Figure 6):

longest diagonal
shortest diagonal
mid-eastern to western edge
mid-southern to northern edge

untilconsistentlyThis followed the 100order was
Distanceinfested tallied. between thetrees were

determined inedge/corners of the compartments were
the given maps. Ten to twenty trees to theadvance from

centre were not sampled in order to avoid double counting
for the second and subsequent movements.
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• Sampling point

Figure 6.The general location of sample points in each 
compartment measured after every third tree (2.5 X3m « 7.5m).
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selected compartments was donethe inbetweenSampling
reduceorder toin variationstrees)(25quarters

the developmentalassociated with
sample. The

movement was
Isite class1st quarter,

IIIIIIIII2nd
II IIIII3rd
II IIIIIII4 th

done repeatedly until all the sample plots wereThis was
A ribbon was tied at any stopping point/tree tocovered.

followingcontinuation thefacilitate quarter.to

acreage is givenDistribution of sample plots,
in table 2.

Compartment data for the main sampling.Table 2.

Location/compt. SiteCompt. AcreageAge
(ha)code (yrs)class

Kibidula 28 10 35.07
Nyololo I. 18 11 14.08I
Gulusilo III.27 1 15.59

I. 38Matanana 12 30.57
Matanana IV. 3 7 III 30.48
Gulusilo Illa.14 13 44.29

stages of the insect, 
taking first and lasti.e. time laps before

in the following order:

age, and
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made during themeasurements/records wereThe following
sampling of the pine woolly aphid populations:

Infestation(a)
infested (I)recorded eitherEvery sample tree was

done visually fromThis wasor non-infested (N).
climbing cuttingandand fewthe ground aor

branches/twigs (Figure 7).
Diameter at breast height (DBH cm)(b)

the mainmeasured in sampling for all theDBH was
sampled trees using a diameterplastic Ontape.
slopes, records were made on the uphill side of the
tree to one cm diameter class.
Total height (HT m)(c)
Suunto hypsometer was used all sampledto measure
trees in the main sampling. Records were made in
0.5m height classes. crown density someBecause of
heights had to be Adjacent trees withestimated.
clear top were used to make these estimations.
Aphid counts(d)
In the laboratory the number of eggs, crawlers and
adults each twig were counted under asampleon

(e)
V = f (HT, DBH, F)

were determined according to Malimbwi (1987).
The volumes of sample trees i.e.

dissecting microscope.
•3Volume, m /tree
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(a)

(b)

• A’ •;

41.
J > 

W&j

5

1'Wk

f

Figure 7. Recording aphid infestation at Sao Hill forest plantation 
(a)Pruning twigs for observation (b)Observing on the tree.

•’VJ»
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3.5.4 statistical analysis of_data

Data were
variance wasAnalysis of1985).

crawlers, adults and total) to(eggs,aphid

Correlation between volumeclasses).(sites and age
population among treatmentstotal aphidproduction, and
linearsimple regression (SLR).determined bywas

Duncan's New Multiple Range usedTest to separatewas
differing means (Alder and Roesler 1972).

3.6 Infestation experiment
3.6.1 Experimental design and layout

Since the historyexact development of the aphidand
infestations is not known for various compartmentsthe
and sites, it is

instance, reducedtrees. Is, for
tree growth
trees because of growth. Sometheir poor­
information by for example.may be obtained

aphids, andwith

(Carter 1977).

The experiment the forestwas performed inIrundi,at
aphidresearch used,nursery. Two treatments were

artificially
impact on growth and dry matter production

analysed by using SAS software (SAS Institute, 
(ANOVA) was performed on

however, 
infesting pine seedlings 
recording the

not possible to evaluate the impact of 
aphid attacks on- the

population
test differences between these variables among treatments

caused by infestation, or are possibly small 
infested
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seedlings.patulaPinusinfested and non-infested In
30 randomly picked potgrown seedlings, 10each treatment

months old from a nursery stock were used. The treatme­
nts were separated by six rows of Eucalyptus saplings and

inenclosed threethe experiment rows ofwhole was
trial was under mild shade fromCypress saplings. The

trees to prevent the aphids from direct sun rays. (Mailu
Seedlingsal. 1982b). aboutet 10 cm apart.were

Watering was done once a day during the dry periods.
Weeds were removed once spotted, and the aphid infestat­
ion monitored frequently and recorded accordingly.was
Ten seedlings randomly picked from the same nursery
stock were uprooted and roots carefully washed to remove
the soil. Green weight of roots and shoots were separat-

determinedely and later dried (105°C) tooven
constant weight to determine the dry weight which was
considered representativebeto for the whole plant
material of the experiment.

infested twigs,Two aphid of about density ofsame
loosely tiedattack, by thread around the stem ofwere

each of the 30 seedlings. The other half were uninfest­
ed. end of the trial, the 30 infested seedlingsAt the
were thoroughly aphid attack.observed for For the
attacked aphid doneseedlings, undercounts was a
dissecting microscope.
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The following measurements/records were made:

Diameter and total height(a)

Diameter and total height were measured at the start
of the experiment for the test plants. Vernier caliper and
a ruler were used for diameter and height measureme­
nts respectively. All measurements were taken on a
six cm mark measured from the pot soil level of the
seedlings. Routine diameter and height measurements
were made once fortnightly.

(b) Aphid counts and biomass production

At the end experiment,of the six months after
infestation, aphid counts were made on the attacked
seedlings. Eggs, crawlers and adults were counted
separately to give the total population of the whole

Dry weight for each of theplant. 60 seedlings was
For the infested seedlings,determined separately.

aphids removed before drying thethe were oven
seedlings.
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CHAPTER A

RESULTS AND DISCUSSION

General distribution of the pine woolly aphid at4.1
Sao Hill

distribution of the pine wooly aphid at SaoThe general
plantations of PinusHill is given in Figure 8. Several

intensity ofinfested, with varyingonlypatula are
plantations which cover about 10elliottiiattack. P.

of the whole plantation show more incidences ofper cent
is general east-westattack than P. patula. There a

distribution Kihanga arboretuminfestation.of At
(centre of infestation) with 29 pine species (Table 3) P.
massoniana severelyviginiana theand mostP. were
attacked. elliottii severely attacked. P.P. was
strobus free of attack while P.and caribaeaP. were
patula was moderately attacked. on thegrowingPines
edges of forest openings oftenand large
sustained the heaviest infestation.

Fast spread of Pineus at Sao Hill is probably associated
in the Lack of serious andpine crop.

systematic control when theparticularlymeasures
outbreak firstwas ago, could bereported, 20 years
another and yet Odera (1974)important possibility.an
and Barnes et al. (1976) showed that lack of uniformity

roads, rivers
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Figure 8. The general distribution of the pine woolly aphid at Sao Mill 
forest plantation.
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Table 3.

Planting yearSpecies

very severe

severe

moderate

light

no attack

1 =:

2 however,severe,

3

Provenance trial,'average attack 
variations between provenances

durangensis 
montezumae 
teocote 
michoacana 
montezumae 
tenuifolia 
patula 3
strobus 
caribaea

massoniana 
virginiana

elliottii 
lambertiana 
pinaster 
kesiya 
muricata 
rensifolia 
merkussii 
roxburghii 1 
radiata 2
patula 
taeda 
clausa 
oocarpa 
leiophylla

1966
1966
1966
1966
1966
1970
1971
1974
1974

1966
1970

1966
1966
1968
1970
1972
1973
1975

1974
1966
1969
1970
1970

1969
1972

Relative severity 
of attack

Pinus species at Kihanga arboretum grouped accoi\ 
to relative severity of attack by Pineus pini.

Provenance trial, average attack 
variations between provenances

Seed orchard, average attack = 
variations between clones

severe, however,

light, however,
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in the pine plantations could hinder fast spread of thea
pine woolly­ aphid. Hill for example, once theAt Sao
pest had become established, subsequent spread was much

in because pines occur infaster than Muguga, Kenya,
uniform Diwanilarger (Odera 1974). et al.stands

(1984a) monitoring andreported that lack of proper
control in pine plantations ofof thesystems some
Tanzania has contributed substantially to the unpreceden-

pine plantationsted spread of Pineus in nearly all the
from the epicenter isin Tanzania. outward spreadThe

directions where pineslikely to continue steadly in all
present there are no obvious permanentAtare grown.

barriers to block further expansion throughout the entire
range of pines in East Africa and Thus every•elsewhere.

speciessusceptible ofsupportinghabitatfavourable
pines will become infested.

infested plantations/trees atdistribution ofThe broad
entire plantation, Sao Hill suggests that the area was

Survey results have indicatedsubjected to aphid attack.
that the distribution of the infestations appeared to be

thepatchy ofthroughout pine woollytheoccurrence
and/oraphid. stands trees had remained cleanMany

within infestedthe Frequently,areas. branches of
highly infested trees grew side by side (with foliage
intermingle) completelywith uninfested trees. These
observations suggest that some varieties or clones may be
resistant to the pine woolly aphid. Variation of Pineus
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attack within and between pine stands
1983). Hoff and MacDonald (1977)in Zimbabwe (Katerere

white pinesimilar relations with woolly aphid onfound
species. In conclusion he pointed out that the patterns

variability in aphid infestationsof woolly notis

immediately emphasizedclear. thatNonetheless, he
knowledge about variability patterns in response to pests
is important to hybridization The nature ofprograms.
resistance to attack by P. pini studied here,notwas
however, experience elsewhere considers it to be unclear
(Odera 1974, Barnes et al. 1976).

The east-west distribution Pineus is most probablyof
movements of the prevailing winds.associated with the

shown thatOdera (1974) and Barnes (1976) hasal.et
within plantations hasthe pine woolly aphidspread of

windcertainlyrapid byremarkably and almostbeen
flightless crawlers and eggs. In Kenya anddispersal of

Zimbabwe for example, Pineus was noticed to have spread
research stations westwards in the direction ofoff the

the prevailing east wind the pine afforestationtoon
reserves (Odera 1974, Barnes et al. 1976). Further Odera

demonstrated the importance(1974) of wind in the
dispersal of the aphid by using plastic sheets 30 x 30 cm
coated with

m
Theaway

trapsrecorded on and lyingwas
biggest catch 

that were facing east

"Tanglefoot".

was also detected

Crawlers were recovered on the 
sticky traps at different intervals, extending up to 60 

from the nearest infested tree.
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The importancestand.

the spread of Medler
and Ghosh (1969).

the edgeson

streams and
dispersal ofthe Pineus.importance of wind on

the landscapefeature of
has been shown to direct the migrating aphids, which have

for directed flight, to the most exposedfeeble capacity
trees (Diamond and Bishop 1968, Odera 1974, Mailu et al.

possibilities aphids and other lightof1978a). The
wind iscarried longbodied insects to be distances by

and Lejeune (1954) and Brown (1958)well known. Robkin
scaleanddemonstrated that adelgidsthe larvae of
thusinsects, andaerodynamically unstableare are
Hucapable of a dispersal range of km.approximately 5
ofet al. (1986) observed that distribution

Johnson (1969) and Pedgley
that many insects air currentsare delivered by
into werehabitats intoor places

also

wind on insect dispersal.

thos®
are ageotherandanimalson

vectors a
their longevity and ability toon

Any 
that serves as a wind corridor

poplar scale insects also are related 
direction.

establishment of air borne larvae or 
transported 

depends

and spread
to wind speed and 

(1982) observed 
directly

High incidences of infestation on tne edges of roads, 
and forest openings further confirms the role

west of the infested stand. xne importance of wind in 
aphids has also been demonstrated by

inert particles.

The successful 
that

near by as if they
shownSalom and McLean (1989) has

the importance of
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for example areof Adclgessusceptible host. Crawlers
and it has been observed that some of thesevery active,

crawlers are capable of crawling up to 30 m or more under
Their movement and1952).natural conditions (Balch

activeness are some adaptive mechanism to find and settle
unequivocalfeeding Thesuitable mostspot.on a

pine woolly aphidevidence of population movement of the

fresh infestations inis provided appearance ofby the
insect (Oderaareas that were previously of theclean

1974).

Another possibility is byof spread
vehicles and equipment

on which The movement of thethe aphids may attach to.
infested nursery stock is greatest factorprobably the
contributing the insects to distantthe spread ofto
points (Odera At Sao Hill1974, Barnes 1976).et al.

is most probable the greatest factor becausewind spread
nursery stock is usually screened for Pineus infestation
before being taken to the field. originaltheMorever,
infested stock was confined to Kihanga arboretum.

Pines are growing as exotics at Sao Hill, an environment
different thatto of their origin. Trees in a new
environment may experience an extended period of suscept­
ibility to pests before the tree and pests have had the

host planton susceptibility and choice by
evolutionary time to adapt to each other (Berryman 1987).
Working

humans, especially field workers,
birds, animals and
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found that(1980)Nicholsandconifer aphids, Carter
Britain have showninabietfnum infestationElatobium

Piceathat certain species varietiesand of are more
higher aphid developmentattack and support aprone to

aphids dwell onthan others. thattheAmongrate
can be seen that both physical and biochemi-conifers it

cal qualities of the susceptibility andplant determine
choice. 1980, Rohfritsch et al.(Carter Nicholsand
1986) .
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Preliminary sampling4.2

4.2.1 Relationships between site and Pincus, population

gives theTable 4 the results of the aphidrecords and
sampling of the 9 selected compartments. of 518A total

were . sampled. of infested treestrees The percentage
varied from 27.4 per cent (Compt-code No. site class6 ,
II) to 47.6 per cent (Compt-code No. site class III),7,

significant differences betweenhowever, there were no
the three sites.

of Pineus population between compartme-The distribution
nts and sites and ANOVA results are presented in appendi-

respectively. Inces (i) and (ii) all cases, eggs were
in mostfound in highest adultsnumbers, followed by

compartments while crawlers were found in lowest numbers.
aphids Densites withinA total of 3082 counted.were

mean numbers per 10 cm shoot in bracket were:sites with
Site class III: 1421 aphids (23.67), II: 831site class

(14.72) siteand class I: 778 aphids (13.00).aphids
Pineus population dens'ity was significantly influenced by
the sites (Table 5).
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the mean differences by Duncan's NewHowever, separating
significant population differen-Multiple Range Test, no

site classes I and II for thedetected betweences were
total population density. Differences were more likely to

found extreme sites,, I and III. Asbe between the two
mentioned in Chapter 3, it wasMaterials Methods,and
difficult in the young age class to clearly separate site
class II from site classes I and III.

Table 5. Pineus pini population for various site classes
in the preliminary sampling.

Mean population per 10 cm twig length and (SE)Site

Crawlers Adults Totalclass Eggs

5.12(0.41)c* 4.20(0.40)c 13.00(0.93)b3.68(0.39)bI
3.30(0.37)b 5.02(0.47)b 14.72(1.05)b6.32(0.58)bII
6.82(0.62)a10.15)0.79)a 6.70(0.46)a 23.67(1.44)aIII

by different letters in a given column
significantly different Duncan's(p<0.05; Neware

Multiple Range Test, Alder and Roesler 1972)

Values followed
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4.2.2 Relationships between age and Pineus population

Table 6 shows the effect of age on Pincus population.
With exception of the crawlers there
differences between the three
age class however, 1160 aphids were counted compared to
971 and 952 for the middle and old age classes respectiv­
ely. Mean total (and standard error) aphid population was
19.15+1.35, 16.18+1.17, and for the young,15.86+1.35
middle and old age classes respectively.

Trends in the data showed (Appendix i) that total Pineus
population was more abundant, although not statistically

compared to the other
This trend may indicate that young trees cantwo classes.

be more vulnerable to aphid infestation than old trees.
compartments inAll sample the young age class of this

thinned. This mightstudy were have reduced thenot
vigour considerably due to
ients and light compared to trees in old thinned stands.
This could be more pronounced at inferior sites,even
thus favouring the possibilities of Pineus development.

were no significant

different, in the young age class

competition for water, nutr­

age classes. In the young
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agree with other results:may wellThese considerations
of infestation byTanton and Alder (1977) found severity

with ageradiata decreasePinus trees toPineus on
McClure (1982)(1976)al • and(Figure 9). Barnes et

resinosasame with Pineus on P.patula and P.found the
respectively. Similarly Larsson and Tenow (1984) reported

pine defoliation bysufferedthat Scots moreyoung
trees hadNeodiprion sertifer than old The oldtrees.

thinning stage of development, supposedly hadpassed the
a well balanced nutrient high water storageeconomy and
capacity due to their large size, a situation which might

susceptible fly attack.lessrender the trees to saw
root and lightwere severely suppressed byYoung trees

heavily defoliated bycompetition and were consequently
the sawfly. Intermediate aged stands suffered defoliation
of medium severity. During a mass outbreak of sertif-N.

(1987) found 78 per cent defoliationet al.
in oldper cent

stands

In another study, Coulson et al. (1974) and Lario (1980)
demonstrated that pine havebeetles outbreaks been
associated with high, stand densities, presumably because
high densities lead to poor host condition or low vigour.
Because of the assosiation between environmental conditi­
ons and stand silvicultural practices can

stand resistance. For example thinning
susceptibility, 

be used to improve

er, Austara
in young stands of P. sylvestris and 72
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is recommended as a means for reducing stand susceptibility
by southern pine beetle (Dendroctonus frontal-to attack

is) (Belanger and Malac 1980).

In contrast, Page (1975) found that older trees of Balsam
fir (Abies spp.) were the most attacked by Balsam woolly
aphid (Adelges piceae). It appears that the taller stands
(age is usually with increasing height andcorrelated
diameter), which normally under greater stressare
because of their greater transpiration requirements and
the greater heights to which water must be
the ones most seriously affected when the aphid attack
further increases the difficulties of water transport.

lifted, are
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4.3. Main sampling

4.3.1 Frequencies of infested trees

Six compartments (two also in the preliminary study) all
covering about
ha in site class III were used here. the young ageFrom
class, compartments and
equally represented in both sites. A total of 1644 trees
were sampled, site class878 trees I and 766 trees in
site class III. The infested trees variedpercentage of
from 29.6 per cent
(Compt-code No. 7). (Table 7). No significant differences
were found between sites (ANOVA).

169.5 ha, 64.5 ha in site class I and 105

of 7, 8 and 9 years were chosen,

(Compt.code No. 11) to 49.5 per cent
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Table 7. Percentage of trees infested by Pineus pini
within compartments at each of two site classes
in the main sampling.

Percentage ofSite
infested treessampledclasscode

35.827910
338 29.611 I
261 38.31

31.612 316
49.52027 III

248 40.313

2) Stand density about 1680 stems ha
No significance differences between sites (ANOVA)

No. of trees
2)

Compt.
1)

1) See pages 55 and 70 for derivation of compartment code
-1
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4.3.2 Relationships between site and ffjneus population

and sites, and ANOVAPopulation numbers in compartments
(iv)(iii) andin appendicesresults presentedare

respectively. Within each site class it was observed that
population densities of eggs were higher than of crawlers

while the densities ofand adults, crawlers and adults
were about equal. Table 8 shows the mean aphid population

sites.and standard error for total of 20,011two A
aphids were 8,837 and 11,174 for site classes Icounted.
and III respectively. Mean populationtotal 10 cmper
shoot length was 29.46 and 37.24 for sites classes I and

respectively. Analysis variance showed highlyofIII
significant differences between the two sites, and Figure

distribution10 the frequency of the totalpresents
of Pineus individualsnumber long twigs,10per cm

showing that there with higher Pineustreesare more
densities in site class site class I. ThisthanIII
indicates that site class III is more suitable than site
class I for the development of Pineus, while the equal
percentage of infested in site classesthetrees two

. (Table indicates7) that the site classes are equally
susceptible to infestation.
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Table 8. Pineus pini population at two site classes in
the main sampling.

Mean population per 10 cm twig length and (SE)Site
TotalCrawlers Adultsclass Eggs

29.46(0.79)7.76(0.25) 8.40(0.26)13.30(0.39)I
10.08(0.27) 10.40(0.29) 37.24(0.89)16.76(0.50)III

All Pineus development stages are significantly different
between sites (P<0.05)

Interactions between site and Pineus pini at Sao4.4.
Hill

Results from my studies with the results ofagree well
other studies, discussed in Chapteras
Review. is likely that sites withIt potential for
moisture nutrient deficiencies, other subtleor or
physical chemical are prime candidates forfactorsor
heavy aphid attack. The trees of site class III, which is
inferior siteto class had the highest populationI,
densities, suggesting aphidthat the outbreaks may
develop in host foliage (needles) changestoresponse
resulting from moisture, nutritional or otherstress
subtle factors. isIt very likely that site class III
has poor soil physical and chemical characteristics .
Schonau and Grey (1987) have demostrated the importance

2, Literature
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Figure 10. Frequency distribution of Plneus pinl population 
of 300 samples In each of the site classes l&lll.
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wich affect themain factorsand soil as theof water

Earlier, Kozlowskia given site.inpotentialforestry
is the factorwater availability(1982) had shown that

most referred to as having a predominant effect on forest
complicatedproductivity. productivity,Observed a

biotic andmanifestation of the interactions between
site qualityabiotic factors, have been used to indicate

(MacLeod and Running 1988). .

It has long been severe defoliation byrecognized that
insectspine mainly poor soils,in standsoccur on

especially after periods of drought (Larsson and Tenow
1983). Mailu et al. (1978b) that stunting ofhave shown

aphid attack gives similarpine needles result of
defoliation insects. Larsson andotherresults as by

Neodiprion sertifer outbreak onTenow (1984) found that
soils.pine limited infertile TheseScots towere

findings support the hypothesis on the fundamental effect
of stand nutritive state on the changes in number of the

demostrated that thesawfly. In experiment hethe same
in unfertilizedhighernumber of sawfly cocoons were

stands than fertilized These findings could beones.
compared to and used explain susceptibility oftheto
pines in the inferior/infertile areas to Pineus attack in
the current study.

It is likely that more nutrients are available to other
synthesis ofprocesses, defensive ineg. chemicals

as a
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effect which makes such stands less
non-treated stands in a drought situat-susccptible than

of lowthe findingsion (Larsson and Tenow 1984). Thus,
nutritional qualitypopulations in stands of enhanced

being able to(White 1974) could be an effect of trees
defensive chemicals (Rhoades 1979 & 1985).produce more

Hill, site more nutrientsclass could haveIAt Sao
explainingfor defences,available thus the

population of aphids. Because P. pini
of habitats at Sao Hill, its populationwide rangein a

may possibly attain injurious levels only where trees
by poor growing conditions.are stressed This may have

started to manifest in site class III.

another study, Carmean (1975)In and Stoszek et al. (1981)
defoliationshowed that firof by Douglas firTrue

tussock moth was heavier on upper slopes and ridge sites
than in lower slopes. They speculated upper sites to have
shallower, better drained fertile soil thanand less
lower sites.slope trees in such conditions areThus,

likely subject andcaused byto stress watermore
nutrient deficiencies imbalance, further confirmingor
results obtained in this et al. (1979)study. Kushmaul
also showed that inferior sites in terms of slope, poor
drainage and low pH increasevalues activities ofthe
insects resulting in higher losses. On the other hand
Bultman and Faeth (1’987) showed that overstressed trees

sustain • minorcan insect attack compared to moderately

lower 

has been .innocuous -

fertilized stands, an
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stressed treesthatstressed trees. It is likely over
phytophagoustheconditions forappealinghave less
(White 1984).insects contrary to the

The most inferior sites (site class IV) at Sao Hill,prob-
were not consideredably having the most stressed trees

study because compartments suitable for samplingin this
were not found.

that Pineus attack
is most severe where the host species is under physiolog­
ical stress brought about either by inherent unsuitabil­
ity to the general Zimbabwean climate or by wrong choice
of site. Further he showed that some pine species, which
have been growing in Zimbabwe for relatively few generat­
ions have become physiologically better adapted to local
climate and plantation conditions, and this adaptation

incorporated an incidental resistance tohas apparently
Pineus. Working different insect species, similaron
findings were reported by Varty (1956), MacClure (1977)
and (1982). These findings give an indication of the type
of inherent advantage which may be available in a local
population, and principlethesupports that, when
introducing a species for afforestation purposes, it is

obtain seedwise to from stands which have been growing
under similiar conditions for relatively shorteven a
period (Barnes et al.
patula seed crop for are usually
obtained oldfrom selected seed stands. ,phis might

1976). At Sao Hill most of the P. 
afforestation purposes

"stress hypothesis"

Barnes et al. (1976) has demonstrated
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increase resistance to Pineus in the subsequentattack
generations as a result of the inherent advantages which
may be available in- the seed. It is important to note
that several additional observations can be made regard­
ing vulnerability of stands or trees at Sao

onlynot data collected in this study, but uponon
observations made over similar and/or related studies.

All stages of the aphid, crawlers and adults wereeggs,
inrecorded this study. The population figures showed

and lowerpopulation densities ofhighermuch eggs
almost all cases,crawlers. Inadults anddensities of

population densities of the crawlers were nearly the same
to or lower than those of the adults. Working on the same

(1980) reported the sameinsect in Kenya, Mailu et al.
and adults. Further,eggs, crawlersrelationships of

during rainy seasonsthey found that the population fell
Barnes et al. (1976)in the dry seasons.and increased

build-up in Zimbabwe as asudden populationobserved a
spring followed by very poor rains inresult of hot dry

the summer in 1971. They further noted that Pineus activity
dry August to Septemberduring theis greatest hot and

period. A marked reduction in activity follows the heavy
rains which end of October orusually fall towards the
the beginning of November. The two studies in Kenya and
Zimbabwe demonstrated impact of seasonalapparentan
rainfall on the aphid populations. Free-living crawlers

exposed washing-off dislodgement by rain,to andare

Hill, based,
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their styletswi thsessilewhereas aphidsadult are
inserted into the plant and are covered with wax filamen­
ts .

In my study, sampling was done from September to January,
thus the balance between thePineus•experienced a good
highest activity during the dry period and the period of
fluctuations during the rain season. The apparent impact
of seasonal rainfall on .the aphid populations could not
clearly be explained here because sampling was done in a
single run (from dry rainy season). The populationto
fluctuations of the three stages could have been caused
by predators other factors. Several predators,or
particularly Tetraphleps raoi and some Coccinellidae were
observed in the plantation during sampling. Some aphid
predators(eg. raoi) host specific, and usuallyT. are
prefer the adults although they feed eggs (Chackoon
1973). Low number of also be associatedcrawlers could
with migration/dispersal by wind.
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4.5.

4.5.1 Volume production of the infested and uninfested

trees

between infested andvolume differencesMean percentage
in tableis givenuninfested trees between compartments

In site class I, growth loss ranged form 3.31 per9.
12.97 per.cent to

(Compt. code 7) didn* t reductionshow volumeany
result of aphid attack, however, the other two compartme­
nts had loss of 4.62 per cent and 4.92 per cent. There

significant differences (t test,p>0.05) betweenwas no
the two sites. Furthermore, there no significantwere
differences in volume infested and uninfestedbetween
trees (t test, p >0.05) .

In my study, relatively low population densities were
found. The relationship between infestation density and
damage categories, has been presented by Mailu et. al.
(1978b) and is quoted in Table 10.

as a

Aphid infestation and impact on tree growth

cent. In site class III, one locality
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the number of adultistable seenFrom the
to 10, theof twig length is less or equal

1 (Tablebe approximatelystudy was found to
losses.growthsignificantexpectunlikely anyto

which so heavilyfounda few trees wereHowever, were
infested that they probably would succumb (Figure 11).

Additional information on
volume classes and percentage infested trees within each
volume class is given in Figure 12 A, B and C. Since both
site classes contain trees of the same young age classes,
it was to be expected that site class III would have a
higher frequency of trees in the lower volume classes
than has site class I (Figure 12 A and 12 B). However,
the of infestedpercentage is fairlytrees equally
distributed on the volume classes (Figure 12 C), and an
analysis of variance showed significant infestationno
differences between the volume classes (P>0.5).

aphids per cm
damage is tolerable. Since the corresponding number in my

8) it was

the distribution of trees on

that when
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•?

Figure 11.Tree mortality resulting from Pineus oini infestation 
(Compartment IV.3, site ciass III) at Sao Hill forest plantation.
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Figure 12 A-C. Distribution of trees on volume classes for 
site class I and IH (A&B), and percentage rfested trees within 
each volume class (C).
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class IIIHigher volume given by one compartment in site
No. 12) could possibly be due to the age and(Compt. code

that particular compartment.intensity of infestation in

of slightalternationPines withstandapparently can

with nofiveattacks and for to yearsrecovery up

noticeable effect growth parameter (Mailu et al.on any
1982b). Barnes et al. (1976) showed that annual fluctuat­
ion in Pineus activity allows a tree to recover to a
greater or lesser extent during the later part of summer.

On the other hand, higher losses given by one compartment
in site class (Compt. code No. 10), could be due toI
cummulative (continuos) attack which leads to more impact

(Mailu et al. 1978b). Alfaro et al. (1982) andon growth
Nichols (1988 a & b) have deteriorated treeshown that
conditions in previous years as a result of defoliation
affect current years growth.

Mailu (1972) and Mailu et al. (1978b) showed tree growth
reduction result Pineus attack. Mailu (1972)ofas a

mortality alsoreported tree depending on theto occur
infestation asdegree of experienced in one compartment

(Compt.code No. 7)

Working on the same species, Moore (1962) and Barnes et
al. (1976) also reported on the relationship of growth
loss with Pineus attack. (1975) alsoPage showed that
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relationship betweena close

et al.MailufromCitingofpines and loss
(1972)(1978b), Odera

also notedcantly different. He
infested for 12the height growth of trees that had been

of heights andAnnual growth incrementsmonths or more.
diameters were also larger in uninfested trees.

In many respects the impact of is observedthatpests
today is a result of lack of pest control in the past.
The importance of intensive including pestmanagement,
control has been emphasized as vital for growing satisfa­
ctory tree crops (Gross 1985). At Sao
systematic control have been againsttakenmeasures
Pineus since its outbreak, about 20 ago. Lossesyears
might be in future withoutgreater appropriate pest
control strategies.

Possibly due to little variation in

growth (diameter,parameters height and
volume). Correlation coefficients (r) very smallwere
(<7%) for both sites for the studied parameters.
Earlier studies had clearly shown the existence of such
correlation (Mailu et al. 1978b) .

yield.
noted that mean shoot increments

very low negative correlation was found between intensity 
of attack and

■there was aphid attack on

for aphid infested and uninfested pine trees
a marked reduction in

was signifi-

Hill, no serious

Pineus densities, a
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shown that feeding aphids(1969) haveVan Emden et al.
at a distancefor photosynthatcs producedact as

With increased infestation prematureaway in the plant.
This hastissues result.of the ansenescence may

tree water potential resulting in the
trees developing structural and functional changes in the

1986). This couldxylem (Puritch and Hain1971, Arthur
lead to reduction in radial and tree growththe general

These studies value in understanding some relat-are of
ionships between Pineus and P. patula at Sao
study this relationship was

needle stunting andwas an apparant loss of chlorophyll,
needle casting (Figure 11). This could lead to low water/m-
ineral potential, subsequently to tree growth loss. There

a direct relationship between loss oflikelyis beto
This could thereforechlorophyll and population density.

lead to more growth loss in the inferior sites.

"sinks"

indirect influence on

not studied. However, there

(DeBoo et al. 1964, Carter 1977, Laurent-Hervouet 1988).

Hill. In my
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Infestation experiment4.6

4.6.1 Impact on plant growth by the Pineus infestation

diameterThe height development pattern, forandmean
both infested and non-infested seedlings for a period of

in Effective24 weeks Figureshown and13 14.is

infestation was manifested at about the 10th week, and at
the termination of the experiment, only 15 plants out of
the 30 infested had effective infestation. There

decline for the infested seedlings,ingeneral growth
At the conclusion ofeffective from about the 13th week.

the experiment, losses in diameters and heights over the
cent respective-control were 12.2 per cent and 14.1 per

iy.

production (expressed as oven dry weight)biomassMean
is given infor the two treatments after 24 weeks growth

Mean growth loss was 0.749 g and 2.077 g forFigure 15.
roots and crown respectively. The loss of total root
growth amounted to 27.8 in dry weight and inper cent
shoots 20.9 per cent dry weight. The overall reduction
(whole plant) expressed as
cent over the control.

The experimental design did not allow for any analyses of
undertaken.bevariance to Means for the studied

parameters were however used to explain the differences

was a

oven dry matter was 22.4 per
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a nd aand non-infested seedlings,between infestedthe

few regression analyses were done.

55.4 aphids were counted, highest count given bymean of
The relationship betweeneggs, and crawlers the lowest.

Pineus seedlingindividual biomass ispopulation and
given in Table lib. The relationships are generally weak

by low correlation coefficients.as depicted Crown with
relativelyr = 0.098 has relationship thanstrongera

roots, r = 0.012.

be that I lack numbersextreme of population density.

seedling which is too narrow to obtain a good correlation
(Mailu et al. 1978b).

The reason why I have not found a strong correlation, may

The range of population density is between 21 and 112 per

Table 11a shows the mean aphid population per seedling. A
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Mean number of Pineus pini per seedling, andTable 11a.
standard errors.

Population SEMean

Eggs 27.60 4.17
Crawlers 1.4013.67
Adults 14.13 2.1

Total 55.40 6.61

Regression equations relating Pineus piniTable lib.
population density to individual seedling
biomass (g).

Equation CorrelationDry weight
coefficient(r)(g)

Y = 53.63 0.224X 0.012Roots
Y = 72.51 - 1.210X 0.098Crown

Total plant Y = 68.95 0.817X 0.083

Y = Pineus pini population per seedling
X = Dry weight (g)
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have demonstrated an apparentstudyResults from
the seedlings most likely as a
The impact given here after 24result of Pineus

plants arethatindicated younger

very sensitive to

non-infestedinfested andbetweenGrowth differences
seedlings started to manifest in about the 13th week and
the gap was getting wider towards the end of the experim-

This gap was likely to increase with time. Rogersent.
(1984) showed that aphid infested white pineand Doggett

in growthseedlings had 11 per cent loss after one year
of infestation. they demonstrated that after 2Further
years the difference in growth increased, and the growth
of the uninfested seedlings was significantly better than
that of the infested seedlings, both at 95 and 99 per
cent levels. This supports an assumption that also in my
experiment the difference in growth would have increased
with time (Figures 13 and 14).

In another study Fox Griffithand (1977) showed the
impact of

year old loblolly pine seedlings. Carter
(1977) also showed that following aphidgrowth loss
infestatiion of young Sitka spruce plants amounted to 48
per cent in dry weight shoots, and 7 per cent ofof
roots.

Cinara aphids on height and diameter developm­
ent on 1 to 3

weeks of infestation
aphid attacks.

tendency of growth
attack.

this
loss of
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clearly indicates that Pineus infestati-This experiment
it isThereforeof P. patula reduce the growth.ons

also infested plantation trees maysafe thatto argue
show reduced growth because of infestation, they are not
infested because they initially were slow-growing.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

Conclusions5.1

results and conclusions on my study are asThe principal
follows:

pini was found to beof PincusPopulation density1.
of sitehigher class IIIsignificantly treeson

than on trees of site class I.

equally highThe percentages of infested trees were2.
in compartments of both site classes I and III.

The above two relations indicate that susceptibility3.
of Pinus patula to P. pini is equally high at both

sites.inferior growing Suitability,andgood
aphid seems tohowever, for the development of the

be clearly better on the inferior sites.

No significant differences in population density was4.
found between age classes. thereHowever,
tendency of aphid populations being higher in the

This indicates possibilities of populationclasses.
decrease with age of the host trees.

was a

younger age class compared to the middle and old age
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there wasplantation trees,5. In the
reduced volume
significant difference between infested and uninfes­
ted trees was stated, due to relative low population

the results of the
a clear growth lossshowedinfestation experiment
weight of infestedin both diameter, height and dry

seedlings compared to uninfested ones. This strongly
plantation showinfestedindicates treesthat
infestation,therefore,ofgrowth becausereduced

initially areinfested theybecausethey are not
slow-growing.

Recommendations5.2

The following recommendations are the basis ofmade on
this study.

More information is needed on the host/pest relatio­
nship to be able to evaluate rational measures and
methods to control the aphid populations.

The following studies are relevant:

Elucidate impact on growth (field and laborat-
experiments),ory and

on.

economic consequences
(field investigations) due to Pineus infestati-

densities on the trees. However,

a tendency of
growth of the infested trees, but no

Population monitoring programmes.
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field experiments on the effectLaboratory and
improvementsoil Pineusof developmenton

(fertilizing experiment).
pruningofeffect and thinningThe on the

development of Pineus populations.
Biological control experiments (field and
laboratory).
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Appendix (i)

Mean Pincus pini population per 10 cm twig length
within compartments at various site classes for
the preliminary sampling.

Site Crawlers AdultsEggs Total
class

5.901 3.40 4.55 13.85
2 4.95 4.15 3.85I 12.95
3 4.50 3.40 4.20 12.10

4 8.65 5.20 4.50 18.35
5 6.55 2.85II 4.85 13.75
6 4.25 1.60 5.70 11.55

7 9.50 9.20 7.05 25.75
8 9.50III 4.85 6.55 21.35
9 11.00 6.40 6.55 23.95

1) See page 70 for derivation of
compartment code

Compt- 
code 1)
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Appendix (ii)

twig length at three site classes, I, II and III.

(i) Eggs

Source and variations DF SS MS F

Sites (between) 2 829 414.50
Within 177 2989 22.54

Total 179 4818

(ii) Crawlers

Source of variation MSDF SS F

Sites (between) 4462 223.00 17.17
Within 177 2229 12.59

179Total 2675

ANOVA for the mean Pineus pini population per 10 cm

18.39 ***
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(iii) Adults

Source of variation DF FSS MS

Sites (between) 2 * * *195 97.50 8.23
Within 177 2097 11.85

Total 179 2292

(iv) Total

Source of variation DF SS MS F

Sites (between) 3936 1968.00 24.382 * * *

Within 14286 80.71177

Total 179 18222

Significant at p<0.001*** •
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Appendix (iii)

Mean Pineus pini population per 10 cm twig length

within compartments of two site classes obtained in

the main sampling.

Site Adults TotalCrawlersCompt. Eggs

1)code class

8.57 30.3813.71 8.1010

28.738.017.2911 13.43I

8.63 29.267.8812.751

36.5810.1310.4416.0112

39.4111.4610.3517.607 II

9.61 35.759.4616.6813

1) See page 55 and 7o for derivation of
compartment code
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Appendix (iv)

ANOVA for the mean Pineus pini population per 10 cm
twig length at two site classes, I and III.

(i)Eggs

Source of variation DF SS MS F

Sites (between) 1802.67 1802.67 29.391 * * *

44.05Within 598 176.19

599 1978.86Total

(ii) Crawlers

Source of variation DF MS FSS

Sites (between) 39.44 AAA812.011 812.01
Within 23.44598 93.77

Total 599 905.78
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(iii) Adults

Source of variation MS FDF SS

Sites (between) 598.00 26.81 * * *598.001

Within 205.45 51.36598

Total 803.45599

(iv) Total

Source of variation DF SS MS F

Sites (between) 9102.621 9102.62 43.13 * **

Within 598 878.37 219.59

Total 599 9980.99

Significant at p<0.001*** .


