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ABSTRACT 7 

A retrospective study covering a period of seven years (1997-2003) was conducted to assess the extent of 8 

damage of Cinara cupressivora on Cupressus lusitanica Orchard and determine any correlation with 9 

climatic factors in Dedza, Malawi. Furthermore, the study was also aimed at determining the efficacy of 10 

Pauesia juniperorum as a biological control. The data was extracted from monthly reports of the Forestry 11 

Research Institute of Malawi (Centre), where a total of 319 trees were assessed. A statistically significant 12 

(X
2
=13.97, P<0.001) association was found between the damage of the trees and increased number of 13 

Cinara cupressivora. The damage was found to be eighteen times (Odds Ratio=18.1) more likely to occur 14 

on trees attacked by Cinara cupressivora than those not attacked. The hot-dry season was found to be 15 

significantly (X
2
=8.6, P<0.001) associated with the increased number of Cinara cupressivora, and the 16 

damage was found to be three times (Odds Ratio=3.4) more likely to occur in this season compared to 17 

cold-wet and warm-wet seasons. Consequently, the results further shows a significant (X
2
=26.37, 18 

P<0.001) association between the survival of trees and the presence of Pauesia juniperorum. The trees 19 

attacked by Cinara cupressivora were found to be twenty-nine times (Odds Ratio=29.1) more likely to 20 

survive with the presence of Pauesia juniperorum than those where the parasitic wasp were absent. It is, 21 

therefore, recommended that classical biological control is the most suitable and permanent solution for 22 

control. Hence, Pauesia juniperorum is a potential agent for the biological control of Cinara cupressivora.    23 

 24 
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1. INTRODUCTION 26 

The cypress aphid, Cinara cupressivora is a significant pest of Cupressaceae species and has caused 27 

serious damage to naturally regenerating and planted forests in Africa, Europe, Latin America and the 28 

Caribbean and the Near East [1, 2]. This indicates that the pest has great dispersal ability and adaptability 29 

to different climates and hosts [3]. It was first reported in Africa, from northern Malawi in 1986 [4, 5]. It was 30 
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then rapidly spread in East and Central African countries, including Burundi, Uganda, Kenya and Tanzania 31 

[5, 6]. While it is not a pest in its native Europe and North America, it has rapidly established itself in Africa 32 

as a devastating cypress pest [6-8]. By 1991, it was estimated that the aphids is causing an annual loss of 33 

growth increment worth $US13.5 [9], and has killed $US 41 million worth of trees in Africa [10] and over 34 

$US 2.4 million of losses in Malawi alone [4]. 35 

 36 

Cinara cupressivora has caused extensive dieback and mortality of Cupressus lusitanica Miller. Cupressus 37 

lusitanica is a tree native to Guatemala and Mexico [11-13]. It is widely planted in Southern, Eastern and 38 

Central African region in farmlands as hedges in urban and rural areas and it is grown in gazetted forests 39 

for production of timber [6]. Cinara cupressivora adults and nymphs suck the plant sap on terminal growth 40 

of trees, which causes retarded growth and desiccation of the stems. This may result in a progressive die 41 

bark on heavily infested trees. In addition, the aphid feeding is accompanied by copious production of 42 

honey dew which encourages the growth of sooty mould. The mould causes foliage discolouration and 43 

interferes with photosynthesis and gas exchange [1, 2, 12-16]. The presence of ants and the occurrence of 44 

lady bird beetle, which tends to feed on the honey dew is often an indicator of aphid infestation [12, 17, 45 

18].  46 

 47 

In view of this, between 1991 and 1993 surveys in Europe and North America were conducted by the 48 

International Institute and Biological Control (IIBC) to identify natural control agents to use in Africa. A 49 

parasitic wasp Pauesia juniperorum, native to Western Europe was finally selected as a potential control 50 

agent [19].  Pauesia juniperorum only attacks aphids belonging to the sub-family Lachnidae which are 51 

found exclusively on conifers. An adult Pauesia is about 10 mm long, almost twice the length of its host. It 52 

has a black head, brown-black thorax, yellow legs and a yellowish abdomen which becomes darker in 53 

older insects. After emerging from its cocoon, the adult female, seeks and lays eggs, inside cypress 54 

aphids. Within the parasitized aphid the egg hatches into a larva which feeds and develops rapidly through 55 

several instar stages. The parasitoid pupa remains inside the host cuticle which stretches, darkens and 56 

becomes hard and gets attached to the twigs. At this stage, the parasitized aphid is referred to as a 57 

mummy. The pupal period lasts for about six days. After full development, the adult parasitoid cuts an 58 

incomplete circular hole at the posterior end of the mummy to emerge. The total development time from 59 

egg to adult is about 14 days. Adults can live up to 7 days [19-24]. 60 
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In mid and late 1990’s consignments of the Pauesia juniperorum were released in many Cupressus 61 

lusitanica hedges and plantations in Malawi. The effectiveness of the parasitoid was observed in the field 62 

and a decline in the severity of damage has been observed [21]. However, the quantification of the efficacy 63 

of the parasitoid is scarce and the information on the damage caused by the Cinara cupressivora and any 64 

correlation with climatic factors is limited.  Therefore, the objective of this study was to quantify the damage 65 

of Cinara cupressivora on Cupressus lusitanica Orchard and determine any correlation with climatic factors 66 

in Dedza, Malawi. The study was also aimed at quantifying the efficacy of Pauesia juniperorum as a 67 

biological control.      68 

 69 

2. MATERIALS AND METHODS  70 

2.1 Study site 71 

The study was conducted in Malawi located in Southern Africa in the tropical savannah region in 72 

Cupressus lusitanica clonal seed orchard (14
0
 19’ S; 34

0
 15’ E and about 1600 m above sea level) at 73 

Chongoni Forest Plantation, Dedza. Dedza receives 1200 mm to 1800 mm rainfall per annum, with annual 74 

temperature ranging from 7
0
C to 25

0
C. It is situated about 85 km southeast of the capital Lilongwe. The 75 

clonal seed orchard number TB71/2/5 was established in 1971 with twenty one clones from Kenya and 76 

each clone had twenty-one laments. The clones were planted in a completely random design in three 77 

replicates at a spacing of 3m x 3m.  78 

 79 

2.2 Data collection 80 

Records of Biological Control Programme carried out by Forestry Research Institute of Malawi (FRIM) and 81 

International Institute and Biological Control for the period starting from January 1997 to September 2003 82 

were used for this study. The records were collected monthly during the stated period and comprised of 83 

tree number, clone number, branch number, number of aphids found in the branch, number of Pauesia 84 

juniperorum or mummy present in the branch, and damage category of the branch. Damage was 85 

categorized into two status; live and partially dead. The records comprised of a total of 319 trees. 86 

 87 

2.3 Statistical analysis 88 
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As data covered a long period of time, care was taken to verify duplication before electronic entry. The 89 

collected data was captured onto Microsoft Excel software as a Dbase relational database for editing, 90 

validation, verification, and generation of descriptive statistics. Seasonal analysis was examined by 91 

dividing the year into three seasons; hot-dry (September-October), warm-wet (November-April), and cold-92 

wet (May-August) seasons. An association between damage and presence of aphids; damage and 93 

seasons; and survival of tree or branches and presence of Pauesia juniperorum were evaluated by 94 

calculating the chi-square (X
2
) test for association and the Mantel-Haenszel common odds ratio (OR) at a 95 

confidence level of 95% using SPSS Version 17. 96 

 97 

3. RESULTS  98 

3.1 Association between Cinara cupressivora and damage on Cupressus lusitanica 99 

Summary of the results on association between Cinara cupressivora and damage on Cupressus lusitanica 100 

are presented in Table 1. The results shows that there were statistically significant (X
2
=13.97, P<0.001) 101 

association between the damage of the trees and increased number of Cinara cupressivora. The damage 102 

was found to be eighteen times (Odds Ratio=18.1) more likely to occur on trees attacked by Cinara 103 

cupressivora than those not attacked.   104 

 105 

 106 

Table 1 Association between presence of Cinara cupressivora and damage caused on Cupressus 107 

lusitanica 108 

  Presence of Cinara cupressivora (%) 
Total (%) 

  Yes No 

Damage 
Partially dead 76.8 16.4 93.2 

Live 1.4 5.4 6.8 
 Total 78.2 21.8 100 

X
2
=13.97, df=1, P<0.001, odds ratio=18.1 109 

 
3.2 Season and presence of Cinara cupressivora 110 

The hot-dry season was found to be significantly (X
2
=8.6, P<0.001) associated with the increased number 111 

of Cinara cupressivora, and the damage was found to be three times (Odds Ratio=3.4) more likely to occur 112 

in this season compared to cold-wet and warm-wet seasons (Table 2). 113 

 114 

 115 

Table 2 Mean number of Cinara cupressivora present per tree branch during different seasons 116 

Season 
Mean number of Cinara 

cupressivora per tree branch±s.e. 
Percentage 

Hot-dry 5.8±0.4
a
 50.4 
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Warm-wet 1.8±0.3
c
 15.7 

Cold-wet 3.9±0.4
b
 33.9 

Note: 
a,b,c

Mean with different subscript within a column significantly differ (P<0.001)  117 

 118 

3.3 Efficacy of Pauesia juniperorum as a biological control on survival of Cupressus 119 

lusitanica attacked by Cinara cupressivora 120 

 121 

There were significant (X
2
=26.37, P<0.001) association between the survival of trees/branches and the 122 

presence of Pauesia juniperorum (Table 3). The trees/branches attacked by Cinara cupressivora were 123 

found to be twenty-nine times (Odds Ratio=29.1) more likely to survive with the presence of Pauesia 124 

juniperorum than those where the parasitic wasp were absent. 125 

 126 

Table 3 Association between presence of Pauesia juniperorum and survival of Cupressus lusitanica 127 

attacked by Cinara cupressivora 128 

  Presence of Pausia juniperorum (%) 
Total (%) 

  Yes No 

Damage 
Live 85.2 7.4 92.6 

Partially dead  2.1 5.3 7.4 
 Total 87.3 12.7 100 

X
2
=26.37, df=1, P<0.001, odds ratio=29.1 129 

 130 

4. DISCUSSION  131 

Even though 16.4% of the partially dead trees and branches showed no presence of Cinara cupressivora, 132 

the finding of this study indicates Cinara cupressivora as a major significant risk factor to the damage of 133 

Cupressus lusitanica. This association is also consistent with the findings in Kenya [13, 23]. According to 134 

Orondo and Day [13], the cypress aphid exploits a wide range of feeding sites varying from green 135 

branches to woody stems. Damage mainly occurs by sap feeding, as a result the foliage turns yellow and 136 

brown. The saliva produced is phototoxic and leads to necrosis in the phloem hence withering of twigs. 137 

Feeding retards new growth and causes desiccation of the stems with a progressive dieback of heavily 138 

infested trees [10, 12, 13], and this would explain the significant association found in this study. The 139 

findings by Owuor [25] also supports the present results. Owuor [25] reported that the overall effect ranges 140 

from partial damage to ultimate death of the entire tree and this depends on the infestation severity and in 141 

case of severe infestation the death of mature trees can occur within three months.  142 

 143 

The study revealed that the peak season for numerous cypress aphids is hot-dry season (September-144 

October) and the population starts build up in cold-wet season (May to August). However, in warm-wet 145 
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season (November-April; rain season) the population of cypress aphids decline. The significant association 146 

of the high occurrence of the cypress aphids in hot-dry season found in this study is consistent with the 147 

findings of [26] in Mauritius. According to Alleck et al. [26] the cypress aphids have been reported to 148 

increase in number during hot-dry season and decrease in rainy season. For instance, no mummies were 149 

observed in a survey in Mauritius during rainy season since the population of the cypress aphid was low 150 

[26]. Hot-dry conditions seems to favour both cypress aphid activity and survival [27-32]. A similar pattern 151 

was observed in Columbia [33] and Uganda [34]. Hence, cypress aphid populations are strongly influenced 152 

by weather conditions, and they are present throughout the year [26, 28, 31]. Findings of a significantly 153 

higher number of cypress aphid in hot-dry season in Kenya [13, 23, 35] also support the results of the 154 

present study. Mwangi [35] state that, "Population density of cypress aphid is highest during the hot, dry 155 

season and lowest during the season of heavy rains. The decline in population density results in some 156 

recovery of damaged trees."  157 

 158 

The study has revealed that the trees or branches of Cupressus lusitanica attacked by Cinara cupressivora 159 

were found to be twenty-nine times more likely to survive with the presence of Pausia juniperorum than 160 

those where the parasitic wasp were absent.  The present results are in agreement with the results in 161 

literature [21-23, 26, 27, 35-38]. According to Chilima and Murphy [21], there is high efficacy of Pauesia 162 

juniperorum as a biological control on survival of Cupressus lusitanica attacked by Cinara cupressivora 163 

because the female wasp lays its eggs in live cypress aphids and the eggs hatch into larvae that feed on 164 

the pest’s internal organs, eventually killing it. However, Kairo and Murphy [27] reported that the 165 

effectiveness is greater in older hosts, but in young hosts the cypress aphid escape parasitism. Hosts 166 

parasitized before they were 9-days-old became mummies without reproducing. Those that were 9 days or 167 

older achieved part of their reproductive capacity before dying. Thus, the impact of Pauesia juniperorum is 168 

markedly reduced when attacking older hosts. 169 

 170 

The best effective management option of the aphid is integrated pest management [23, 36]. However, 171 

basing on the finding of this study and also, since cypress aphid is an exotic pest, it is, therefore, 172 

recommended that classical biological control is the most suitable and permanent solution for control. 173 

Hence, Pauesia juniperorum is a potential agent for the biological control of Cinara cupressivora.    174 

 175 
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5. CONCLUSION  176 

The present study has revealed that there was statistically significant association between the damage of 177 

the trees and increased number of Cinara cupressivora. The damage was eighteen times more likely to 178 

occur on trees attacked by Cinara cupressivora than those not attacked. The hot-dry season was 179 

significantly associated with the increased number of Cinara cupressivora, and the damage was three 180 

times more likely to occur in this season compared to cold-wet and warm-wet seasons. Consequently, the 181 

results further shows a significant association between the survival of trees and the presence of Pauesia 182 

juniperorum. The trees attacked by Cinara cupressivora were twenty-nine times more likely to survive with 183 

the presence of Pauesia juniperorum than those where the parasitic wasp was absent. It is, therefore, 184 

recommended that classical biological control is the most suitable and permanent solution for control. 185 

Hence, Pauesia juniperorum is a potential agent for the biological control of Cinara cupressivora.    186 

 187 
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