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Indigenous fruit trees such as baobab and marula provide key nutrients and income for smallholders 
and enhance diversification of agroforestry systems in the drylands of Sub Saharan Africa. Cankers 
and diebacks are increasingly observed impacting baobab and marula in domestication trials and farms 
in Kenya, but little is known on disease occurrence and associated pathogens. Field disease incidence 
and severity was assessed. Fungal isolation and molecular identification was performed and 
pathogenicity of isolates was evaluated on baobab, marula and additional agroforestry trees. Nine taxa 
morphotypes belonging to genera Lasiodiplodia, Neofusicoccum and Dothiorella were identified co-
occurring in both symptomatic and asymptomatic plant material. Seedlings inoculated with isolates 
of L. pseudotheobromae, L. theobromae and N. parvum showed similar symptoms with various degree 
of virulence. These findings suggest that species of Botryosphaeriaceae may occur as endophytes and 
also act as a disease complex, with the potential of infecting a wide range of trees in Eastern Kenya. 
Further investigation of ecology and impact of this potential threat to agroforestry systems in the 
African drylands, need to be performed in order to develop mitigation strategies. 
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INTRODUCTION 
 
Domestication of Adansonia digitata and Sclerocarya 
birrea within agroforestry systems in drylands of Kenya 
has contributed to nutritional security and source of 
livelihoods (Waldron et al., 2019). However, canker and 
dieback diseases associated with Botryosphaeriaceae 
fungi has greatly impacted trees healths in Africa, 
potentially   frustrating   the   benefits  of  agroforestry  for  

smallholder farmers (Graziosi et al., 2019). 
 Species of Botryosphaeriaceae have been reported to 

cause serious disease on woody plants worldwide (Jami 
et al., 2014). Reports of dying baobab in South Africa 
were associated with Lasiodiplodia theobromae and 
Neofusicoccum parvum (Roux, 2002). Health assessment 
of Australian baobab (Adansonia gregorii) trees  revealed  
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eleven Botryosphaeriaceous species including 
Lasiodiplodia theobromae (Sakalidis et al., 2011), 
Lasiodiplodia crassispora, L. pseudotheobromae, 
Neofusicoccum ribis, Pseudofusicoccum adansoniae and 
Lucania parva. Graphium species was also identified 
associated with baobab in South Africa (Cruywagen et 
al., 2010; Farr and Rossman, 2016) 

Botryosphaeriaceae causing canker and dieback in 
Kenya has been reported on Grevillea robusta in Eastern 
Kenya (Njuguna et al., 2011), on Meliaceae (Muthama et 
al., 2017) and on Eucalyptus (Machua et al., 2016). 
However, no isolation attempts have been done on 
indigenous baobab and marula in Kenya. Severe cankers 
associated with Botryosphaeriaceae have been observed 
in Kenya on domestication trials of baobab and marula 
causing growth loss, fruit rot and tree mortality; 
additionally due to their domestication trials, the biotic 
interaction in agroforestry systems provide an intriguing 
situation to study. Hence, this is the first detailed study of 
Botryosphaeriaceae attacking A. digitata and S. birrea in 
East Africa. The role of these fungi in the ecology of the 
trees from which they were collected should be 
considered in future studies. 

The objective of this study was to characterize the 
diversity of Botryosphaeriaceae associated with cankers 
of native trees A. digitata and S. birrea in Kenya and to 
assess their pathogenicity on these hosts. 
 
 
MATERIALS AND METHODS 
 
Field survey and sampling 
 
Survey was conducted in Eastern Kenya in Makueni and Kitui 
County in 2018. Three sites were selected across the two Agro-
ecological zones of Mukange, Tiva and Ikanga. 

Makueni country is hot and dry receiving mean annual rainfall of 
231 and 361 mm during long and short rains respectively. The 
mean maximum temperature of the area is 25°C and the mean 
minimum temperature is 13°C (Jaetzold et al., 2010). Kitui is hot 
and dry with high temperature throughout the year ranging from 16 
to 34°C (Jaetzold et al., 2012). 

Samples were collected from symptomatic and asymptomatic 
material from across five farms in Kitui and Makueni County. 
Symptomatic trees were sampled based on occurrence of various 
disease symptoms; such as dieback of shoots and branches, 
cankers on trunk with resin flow and diseased leaves, leaf spots or 
blights.  
 
 
Fungal isolation, characterization and growth rate studies              
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
A total of 102 symptomatic and 18 healthy trees were sampled. 
Pieces were cut from disease growing edge and also from healthy 
samples; surface were sterilized and blotted dry with sterile filter 
papers. Pieces were plated on petri dishes containing 2% malt 
extract agar (MEA) amended with streptomycin sulfate (100 mg/l) 
(Merck, Germany) and incubated at 25°C. The isolates were 
replicated three times. The cultures were monitored daily for two 
weeks and colonies resembling Botryosphaeriaceae were sub 
cultured to fresh 2% (MEA) plates until purification. 

After two weeks of incubation, nine morphotypes were 
distinguished  by  conidial  characteristics  aided  by  relevant  keys,  

 
 
 
 
publications and books on Botryosphaeriaceae fungi (Burgess et 
al., 2019). Ten morphological groupings of Botryosphaeriaceae 
isolated from healthy and asymptomatic tissues of baobab and 
marula in the three sites were selected for molecular studies. Ten 
isolates of each Botryosphaeriaceae occurring in each site and tree 
species were selected for molecular studies.  

Growth rates were assessed between 15 and 35°C at 5°C 
intervals in culture growth. Three replicates of each isolate were 
used. Mycelial plugs of 6 mm diameter were taken from actively 
growing edges of week-old single mycelia cultures and transferred 
to the center of MEA 90 mm diameter petri-dishes. Three 
perpendicular measurements were taken of the colony diameter 
daily until mycelium of the fastest growing isolates had covered the 
plates. Macromorphological changes in the growing colonies (upper 
and lower sides) were studied. The experiment was monitored for 
color changes using color charts of Rayner (1970), for two weeks. 
Pycnidia were mounted in 85% lactic acid on microscopic slides 
and examined using a microscope. 

Ten isolates from each morphotype were chosen for DNA 
extraction. Genomic DNA was extracted using CTAB (3%) and 
phenol-chloroform DNA extraction method as described by Gardes 
and Bruns (1993) with modifications according to Ihrmark et al. 
(2002). Part of ITS r DNA region was amplified and sequenced 
using fungal specific primer ITS1F (5’-
CTTGGTCATTTAGAGGAGTAA-3’) (Gardes and Bruns, 1993) and 
ITS4 (5’TCCTCCGCTTATTGATATGC-3). The amplified PCR 
products were purified AMPURE PCR purification kit (Beckman 
Coulter, USA) following manufacturer’s instructions. The samples 
were sequenced in both directions at least twice using the PCR Big 
Dye ® terminator cycle sequencing kit. PCR reaction mix was 
prepared as described by the manufacturer’s instruction. The 
samples were sequenced in both directions twice using ITSF and 
ITS 4 primers. 

Edited nucleotide sequences were submitted to NCBI database 
sequences and identified using BLASTN (Ying et al., 2015) 
www.ncbi.nlm,nih.gov/BLAST/blast. cgi Published sequences from 
GenBank were used to identify sequences obtained from this study. 

Phylogenetic analyses were done for ITS sequenced data. The 
edited nucleotide data and those from GenBank were aligned using 
MUSCLE and phylogenetic analysis was done in MEGA 7. The 
evolutionary history was inferred using Neighbor-joining method 
(Saitou and Nei, 1987). The tree was drawn to scale. The 
evolutionary distances were computed using Maximum Composite 
Likelihood method of Kumar et al. (2016). All positions containing 
gaps and missing data were eliminated from dataset. 
 

 
Pathogenicity trial 
 
Three potential canker and dieback fungi obtained diseased and 
healthy tissues were selected for the pathogenicity trials: N. 
parvum, L. theobromae and L. pseudotheobromae. The species 
were selected on the basis that they were the species isolated most 
frequently from diseased and symptomless samples of A. digitata 
and S. birrea trees. Healthy 8-month-old seedlings of marula, 
baobab, Acacia xanthophloea and Calodendrum capense were 
chosen for the pathogenicity assay. The part to be inoculated was 
sterilized with 70% ethanol and a vertical incision of approximately I 
cm was made using sterile blade and bark carefully lifted up. 
Mycelial plug 5 mm2 were excised from four day old cultures using 
cork borer and placed at the centre of the incision and covered with 
parafilm. After inoculation, the seedlings were assessed regularly 
for canker symptoms development for 6 months. All the seedlings 
were selected, slit longitudinally and the total length of the internal 
lesion was recorded. 

To complete Koch’s postulates, three inoculated stems per 
isolates were randomly selected for re-isolation of inoculated 
fungus. 
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Figure 1. Disease symptoms observed in Adansonia digitata and Sclerocarya birrea. 

 
 
 
Data analysis 
 
GenStat Version 19.1 were used to analyze the data as needed 
and Minitab Version 15 was used to analyze field data collected. 
Pathogenicity trial was conducted using a randomized complete 
block design with four blocks comprising of 80 treatments including 
controls. Data was log transformed to satisfy the assumptions of 
ANOVA. One-way analysis of variance was used to assess 
difference in lesion lengths among fungal species with means 
separated using Turkey’s test (p=0.05). 

 
 
RESULTS 
 
Field symptoms and abundance of fungal species on 
parts of A. digitata and S. birrea in Eastern Kenya 
 
The main disease symptoms observed in the field were 
stem with resin flow (gummosis) (Figure 1). Cankers 
varied in size from small lesions to large open wounds. 

The disease in the field was characterized by stem 
cankers with resin, dieback of branches and some leaf 
spots and blights. Disease incidence increased during dry 
season. About 87% of the diseased trees and 70% of 
healthy trees sampled yielded Botryosphaeriaceae fungi. 
Analysis of fungi occurring on different plant parts 
showed that most of the fungi were isolated from 
diseased stems (50.1%) followed by branches (33.5%), 
leaves (9.7%) and healthy plant parts (6.7%) (Table 1). L. 
theobromae and L. pseudotheobromae were the most 
frequently isolated species occurring on both symptomatic 
and  asymptomatic  tissues,  with  highest  occurrence  in  

dieback and canker symptoms. 
 
 
Morphological and molecular characterization 
 
All the isolates produced aerial mycelium that was initially 
white turning greyish white, dark green or blackish grey 
after two weeks. About 450 isolates were morphologically 
characterized and 38 molecularly identified. The 
morphotypes corresponded to three main genera; 
Lasiodiplodia, Neofusicoccum and Dothiorella. 

In MEA culture Lasiodiplodia initially had dense whitish 
mycelium turning smokey grey, and olivaceous grey color 
on the reverse (Figure 2b, d, f and g).  

Dothiorella colonies were initially white to smokey grey 
with woolly aerial mycelia, becoming pale olivaceous grey 
within 5 to 7 days (Figure 2c). In culture, aerial mycelia of 
Neofusicoccum were fluffy and white becoming grayish 
and pale olivaceous gray and bluish black on the reverse 
(Figure 2a).  
 
 

Growth rate studies 
 

The fungi differed in their growth rates at five 
temperatures (P<0.001) (Table 2). N. parvum was the 
fastest species and colonized the plate within 24 h, 
achieving maximum growth at 30 to 35°C. Lasiodiplodia 
mahajangana obtained maximum growth at 30°C. All 
fungi grew favorably between 25 and 35°C and poorly at 
15°C. 
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Table 1. Significance of occurrence of Botryosphaeriaceae fungi species on healthy and diseased parts of A. digitata and S. birrea in Eastern 
Kenya. 
 

 Tree 
species 

 Fungal species 

Healthy Diseased 
% 

occurrence Leaves Branch Bark 
Leaf spots 
and blight 

dieback 
Stem 

canker 

A. digitata 

L. theobromae – ++ +++ ++ ++++ +++++ 18.2 

L. pseudotheobromae – – + – +++ ++++ 15.2 

L. parva – + + – ++ +++ 1.5 

N. parvum + ++ ++ ++ ++++ +++++ 5.3 

L. crassispora + + + ++ +++ +++ 0.7 

D. longicollis – – – + ++ ++ 0.9 

D. sarmentorum – – + ++ ++ +++ 0.8 

Lasiodiplodia sp. – ++ ++ ++ ++ + 1.3 

         

S. birrea 

  

L. theobromae – + + + +++ ++++ 17.6 

L. pseudotheobromae – + + + ++ ++ 14.5 

L. parva – – + + + ++ 0.8 

L. crassispora + ++ ++ + +++ +++ 1.5 

L. mahajangana – + – + ++ ++ 0.1 

Lasiodiplodia sp. – – + ++ +++ ++++ 9.5 
 

- = Pathogen not detected in the tissue; + = occurrence not significant; ++ = 1-10% occurrence in the disease symptoms; +++ =10-20% occurrence; 
++++ = 20-30% occurrence; +++++ = >30%. Species with an occurrence of >++ were considered potentially important pathogen in the disease type. 
 
 
 

 
 

Figure 2. Macro and microscopic cultural and conidial characteristics of 
morphotypes. (a) Neofusicoccum parvum, (b) Lasiodiplodia sp., (c) 
Dothiorella sp., (d) L. pseudotheobromae, (e) L. crassispora, (f) L. parva, (g) 
L. theobromae and (h) spores of Lasiodiplodia theobromae. 
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Table 2. Growth rate of five Botryosphaeriaceae at five temperatures. 
 

Temperature 

(°C) 

Growth rate (mm/day) 

Mean growth rates (mm day
-1

) ± SE 

N. parvum L. theobromae L. pseudotheobromae Lasiodiplodia sp. L. mahajangana 

15 3.3±0.2
aa* 

3.7±0.2
aa 

4.0±0.2
ad 

4.5±0.2
ab 

6.3±0.3
da 

20 8.8±0.3
ab 

10.0±0.1
ba 

5.2±0.6
bd 

8.3±0.4
aac 

10.0±0.4
abe 

25 13.2±0.1
ac 

14.9±0.1
bb 

6.5±0.4
cc 

14.8±0.2
bb 

14.6±0.3
bc 

30 15.0±0.0
ad 

14.1±0.1
ba 

9.6±1.9
cd 

12.8±0.4
abc 

15.3±0.2
cd 

35 15.6±0.1
ad 

10.8±0.3
ab 

7.5±0.8
ea 

7.9±0.3
ad 

5.4±0.3
ac 

 

*Mean colony diameter LSD at 95% confidence interval. *Letters followed by the same superscript across the column (different temperatures) were not 
significant at 95% confidence interval. 

 
 
 

 
 

Figure 3. Symptoms developed on inoculated seedlings.  
 
 
 

Pathogenicity of three Botryosphaeriaceae species  
 
Seedlings of the entire four tree species inoculated with 
Botryosphaeriaceae showed canker and dieback disease 
symptoms as observed for these four tree species in the 
field. The main symptoms caused by the L. 
pseudotheobromae, N. parvum and L. theobromae on 
inoculated seedlings were cankers, dieback and wound 
healing (Figure  3).  The  earliest  symptom  observed  on 

inoculated seedlings was resin production (gummosis), 
which occurred on approximately 90% of seedlings 
inoculated with Botryosphaeriaceae within 14 days. The 
seedlings developed canker symptoms characterized by 
necrosis of the inner bark and woody tissues, stem 
swelling and bending. Incidence of wound healing was 
highest on baobab and marula. Healed tissues were 
surrounded by layers of fleshy callous tissues around 
discoloured tissues where the fungus had been inoculated 
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Table 3. Summary of analysis of variance (ANOVA).  
 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Fungal pathogen 3 16.62418 5.541392 999.71 <.001 

Tree species 4 0.732276 0.183069 33.03 <.001 

Fungal pathogen. Tree sps 5 0.422677 0.084535 15.25 <.001 

Residual 67 0.371383 0.005543 
  

Total 79 18.15051 
    

Variate: Number of days. 

 
 
 

 
 

Figuure 4. Mean days to show early canker and dieback symptoms in Adansonia digitata, Sclerocarrya 
birrea, Calodendrum capense and Acacia xanthophloea seedlings inoculated with L. pseudotheobromae, 
L. theobromae and N. parvum under glass house conditions. 

 

 
 
(Figure 3b). The symptoms caused by the three 
Botryosphaeriaceae species were generally 
indistinguishable among the four plant species. 

There was significant difference in the mean number of 
days taken by each of the three inoculated fungal species 
to cause canker and dieback symptoms on the four tree 
species (p≤0. 001; Table 3). Seedlings inoculated with L. 
pseudotheobromae were the first to develop canker 
symptoms on Acacia followed by Calodendrum (Figure 4) 
L. theobromae came second in developing the symptoms 
and N. parvum was little slower. Acacia and 
Calodendrum were highly susceptible to 
Botryosphaeriaceae but S. birrea and A. digitata were 

less susceptible. Baobab and marula showed fastest 
wound healing after inoculation of Botryosphaeriaceae 
than other tree species inoculated with the same fungal 
species. 

Internal lesions were identified by extensive 
discoloration of phloem and rotting of inner tissues 
(Figure 3). The size of the internal lesions in the four tree 
species were significantly different from the un-inoculated 
control seedlings and between fungal species (p<0.001) 
(Table 4). All Botryosphaeriaceae species caused the 
longest lesions in A. xanthophloea and C. capense, 
moderate lesion on Marula (S. birrea) and shortest lesion 
on Baobab (A. digitata) (Figure 5). 
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Table 4. Summary of analysis of variance (ANOVA) at 95% confidence interval.  
 

Source of variation d.f. s.s. m.s. v.r. F pr. 

fungal_sps 3 189.222 63.074 7.56 <.001 

tree_species 4 584.554 146.138 17.52 <.001 

fungal_sps. tree_species 5 393.818 78.764 9.44 <.001 

Residual 67 558.988 8.343   

Total 79 1726.582    
 

Variate: lesion size (cm).  

 
 
 

 
 

Figure 5. Mean internal lesion lengths (cm) after six months in Adansonia digitata, Sclerocarrya birrea, Acacia 
xanthophloea and Calodendrum capense seedlings inoculated with Lasiodiplodia pseudotheobromae, L. theobromae 
and Neofusicoccum parvum under glass house conditions in Kenya. 

 
 
 
The longest lesion occurred on Acacia inoculated with L. 
pseudotheobromae, followed by N. parvum and L. 
theobromae showed slightly lower virulence.  

Ranking of the scores obtained from the two variables 
(occurrence of early canker symptoms and size of 
internal lesions caused by each fungal species under 
glass house conditions) using Kruskal Wallis one-way 
analysis of variance showed the average rank for L. 
pseudotheobromae=50.67, N. parvum=49.67, L. 
theobromae=46.15 and Control=15.5 (p<0.001) as shown 
in Table 5.Therefore, L. pseudotheobromae was the most  

virulent species on all the tree species. 
 
 
DISCUSSION 
 
Canker and dieback disease was identified as a threat to 
cultivation of baobab and marula in Kenya and potential 
canker and dieback pathogens were also identified. This 
study described most comprehensive. Botryosphaeriaceae 
species associated with diseased and healthy samples of 
A.   digitata   and   S.   birrea   in   Eastern   Kenya   using  
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Table 5. One-way analysis of variance. 

 

Sample  Size Mean rank 

L. pseudotheobromae 20 50.67 

N. parvum 20 46.15 

L. theobromae  20 49.67 

Control (pure agar inoculation) 20 15.5 

P value (Chi-square probability) < 0.001 

 
 
 
morphological and molecular data on ITS region. Three 
fungal genera were identified by means of phenotypic 
characters and DNA sequence analyses. Majority of the 
isolates represented L. pseudotheobromae, L. 
theobromae and N. parvum forming more than 50% of 
the Botryosphaeriaceae associated with both A. digitata 
and S. birrea. The three fungal species showed a strong 
endophytic association with asymptomatic tissues of 
baobab and marula (Begoude et al., 2010). The 
endophytic nature of Botryosphaeriaceae could be 
triggered to pathogenic phase by unfavourable climatic 
conditions (Osoro et al., 2017). The abundance and 
isolation frequency of L. theobromae, L. pseudotheobromae 
and N. parvum on diseased plant parts indicated they 
could play a role in the disease. L. theobromae, L. 
pseudotheobromae and N. parvum are serious 
pathogens of woody tree species in Africa (Slippers et al., 
2017). L. theobromae has been referred to as a widely 
distributed fungi in tropical and sub-tropical regions and is 
reported to infect more than 500 plant species, the fungi 
has been associated with shoot blight, dieback and stem 
cankers in a diverse group of hosts (Adesemoye et al., 
2014). The wide range of temperatures in which the 
species of Botryosphaeriaceae described here can grow 
(with optimum ranging from 25 to 30°C) make it 
hypothesized that high temperatures favors the 
pathogenic phase of this pathogens. L. mahajangana, L. 
theobromae, L. pseudotheobromae, L. iraniensis and L. 
crassispora had previously been isolated from S. birrea 
(Mehl et al., 2017), while L. crassispora, L. 
pseudotheobromae, L. parva and L. mahajangana have 
been associated with A. digitata (Cruywagen et al., 
2017). Reports of dying Baobab in South Africa were 
associated to L. theobromae and N. parvum. L. 
Pseudotheobromae appears to have a wide host range 
and geographic distribution (Rodrıguez-Galvez et al., 
2017). It has been associated with cankers, dieback and 
stem rot in mangoes (Ismail et al., 2012), trunk canker in 
Acacia (Castro Medina et al., 2013). L. pseudotheobromae 
is the most isolated species from baobabs in Africa with 
isolations from both asymptomatic and symptomatic 
tissues. It caused lesion on Australian A. gregorii but few 
isolates were observed in Kenya Baobab. 

The ability of these pathogens, L. pseudotheobromae, 
L. theobromae and N. parvum to cause disease on four 
tree species were tested. The focus species were A. 

digitata and S. birrea, the other two species, C. capense 
and A. xanthophloea were included because they are 
agroforestry trees and the disease seemed to be 
widespread on several hosts on farms. Early canker 
development gave a rapid indication of virulence on all 
tree species and ranking analysis showed L. 
pseudotheobromae to be the most virulent on all the four 
tree species. The three fungal species isolated from 
baobab and marula could cause the disease not only on 
same species but also on C. capense and A. 
xanthophloea. 

Therefore, the susceptibility of the four tree species to 
attack by all the fungi tested indicated the plurivorous 
nature of Botryosphaeriaceae (Jeff-ego and Akinsanmi, 
2018). Emergence of pathogens with a wide host range 
pose serious health risk to other crops within Agroforestry 
and reduce productivity of the system. Trees adapted to 
dry areas should be restricted to their climatic conditions; 
emphasis on site specificity for trees should be 
encouraged as a disease management strategy to 
reduce destruction by pathogens. 

Wound healing characterized by formation of callous 
tissues around infected parts was an indication of a host 
response to limit the spread of infection from the point of 
inoculation. No wound healing occurred in Acacia and 
Calodendrum, which indicated that high relative 
susceptibility to infection was connected to low wound 
healing. Baobab and marula were the least susceptible to 
infection among the four tree species tested, which are 
indigenous to semi-arid areas of Kenya and seemed to 
be better adapted to semi-arid conditions. The three fungi 
produce indistinguishable symptoms and it was not 
possible to isolate the primary cause of the disease 
supporting previous observation by Njuguna et al. (2011). 
It is therefore concluded that canker and dieback disease 
was a disease complex. Co-occurrence of 
Botryosphaeriacae fungi as observed may increase the 
ability of the pathogens to overcome the host’s resistance 
especially under unfavorable environmental conditions, 
although its benefits are not yet clear. Acacia 
xanthophloea and Calodendrum capense were highly 
susceptible to the disease whereas A. digitata and S. 
birrea, the native species showed least susceptibility 
making it suitable for agroforestry systems in semi-arid 
areas. This study concluded that unspecific plurivorous 
nature    of   pathogens   with   stressful   environment   in 



 
 
 
 
agroforestry system will increase the virulence of the 
fungi and susceptibility of the host. 
 
 
CONFLICT OF INTERESTS 
 
The authors have not declared any conflict of interests.  
 
 
ACKNOWLEDGMENTS 
 
Special thanks to World Agroforestry Centre for funding 
and supporting this research, Kenya Forestry Research 
Center (KEFRI) for providing laboratory facilities. The 
authors acknowledge pathology staff from KEFRI and 
ICRAF staff, Hendre Prasad and Robert Kariba for 
assisting in DNA sequencing. 

  
 
REFERENCES 
 
Adesemoye AO, Mayorquin JS, Wang DH, Twizeyimana M, Lynch SC, 

Eskalen A (2014). Identification of species of Botryosphaeriaceae 
causing bot gummosis in citrus in California. Plant Disease 98:55-61. 

Begoude BAD, Slippers B, Wingfield MJ, Roux J (2010). 
Botryosphaeriaceae associated with Terminalia catappa in 
Cameroon, South Africa and Madagascar. Mycological Progress 
9:101-123. 

Burgess TI, Tan YP, Garnas J, Edwards J (2019). Current status of the 
Botryosphaeriaceae in Australia. Australian Plant Pathology 48:35-
44. 

Castro Medina F, Mohali SR, Urbez-Torres JR, Gubler WD (2013). First 
report of Lasiodiplodia pseudotheobromae causing trunk cankers in 
Acacia mangiumin Venezuela. Plant Disease 98:686. 

Cruywagen EM, De Beer ZW, Roux J, Wingfield MJ (2010). Three new 
Graphium species from baobab trees in South Africa and 
Madagascar. Persoonia 25:61-71. 

Cruywagen EM, Slippers B, Roux J, Wingfield MJ (2017). Phylogenetic 
species recognition and hybridisation in Lasiodiplodia: a case study 
on species from baobabs. Fungal Biology 121:420-436. 

Farr DF, Rossman AY (2016). Fungal Databases, Systematic Mycology 
and Microbiology Laboratory, ARS, USDA. From http://nt.ars-
grin.gov/fungaldatabases/accessed June 2019.  

Gardes M, Bruns TD (1993). ITS primers with enhanced specificity for 
Basidiomycetes:  application to the identification of mycorrhizae and 
rusts. Molecular Ecology 2:113-118.  

Graziosi I, Tembo M, Kuate J, Muchugi A (2019). Pests and diseases of 
trees in Africa: A growing continental emergency. Plants People 
Planet 00:1-14. 

Ihrmark K, Johannesson H, Stenstrom E, Stenlid J (2002). 
Transmission of double-stranded RNA in Heterobasidion annosum. 
Fungal Genetics and Biology 36:147-154. 

Ismail AM, Cirvilleri G, Polizzi G, Crous PW, Groenewald JZ, Lombard L 
(2012). Lasiodiplodia species associated with dieback of mango in 
Egypt. Australasian Plant Pathology 41(6)649-660. 

Jaetzold R, Schmidt H, Hornetz B, Shisanya C. (2010). Farm 
Management Handbook of Kenya, Vol. II, Natural Conditions and 
Farm Management Information. PART II/B Central Kenya, Subparts 
B1 and B2 Central and Rift Valley Province Middle and Ministry of 
Agriculture, Kenya. Cooperation with the German Agency for 
Technical Cooperation (GTZ), Nairobi. 

 

 
 
 
 

Cherotich et al.         419 
 
 
 Jaetzold R, Schmidt H, Hornetz B, Shisanya C (2012). Farm 

management handbook of Kenya Vol.11.Natural conditions and farm 
management information: Atlas of Agro-ecological zones, soils and  

    fertilizing by group district-subpart C1 Eastern province Kitui County. 
Ministry of Agriculture, Nairobi. 

Jami F, Slippers B, Wingfield MJ, Gryzenhout M (2014). 
Botryosphaeriaceae species overlap on four unrelated, native South 
African hosts. Fungal Biology 118:168-179. 

Jeff-Ego O, Akinsanmi OA (2018). Botrosphaeriales causing branch 
dieback and tree death of macadamia in Australia. Australian Plant 
Pathology 48(1)59-64. 

Kumar S, Stecher G, Tamura K (2016). MEGA 7: Molecular 
Evolutionary Genetics Analysis Version 7.0 for Bigger Datasets. 
Molecular Biology and Evolution 33(7)1870-1874. 

Machua J, Jimu L, Njuguna J, Wingfield MJ, Mwenje E, Roux J (2016). 
First report of Teratosphaeria gauchensis causing stem canker of 
Eucalyptus in Kenya. Forest Pathology, doi:10.1111/efp.12264. 

Mehl JW, Slippers B, Roux J, Wingfield MJ (2017). Overlap of latent 
pathogens in the Botryosphaeriaceae on a native and agricultural 
host. Fungal Biology 121:405-149. 

Muthama AM, Njuguna W, Francis K (2017). Botryosphaeriaceae fungal 
species as potential pathogens of Meliaceae in Arid and Semi-Arid 
lands of Kenya. The Indian Forester 143:890-893. 

Njuguna JW, Barklund P, Ihrmark K, Stenlid J (2011). A canker and 
dieback disease are threatening the cultivation of Grevillia robusta on 
small-scale farms in Kenya. African Journal of Agricultural Research 
6(3):748-756. 

Osoro JW, Crous CJ, De Beer ZW, Wingfield MJ, Roux J (2017). 
Endophytic Botryosphaeriaceae, including five new species, 
associated with mangrove trees in South Africa. Fungal Biology 
121:361-393. 

Rodriguez-Galvez E, Guerrero P, Barradas C, Crous PW, Alves A 
(2017). Phylogeny and pathogenicity of Lasiodiplodia species 
associated with dieback of mango in Peru. Fungal Biology 121(4)452-
465. 

Roux J (2002). Report on baobab mortality in Messina nature reserve 
14-16 March 2002. A pilot studies. University of Pretoria (mimeo), 
Pretoria. 

Saitou N, Nei M (1987). The neighbor-joining method: Anew method for 
reconstructing phylogenetic trees. Molecular Biology and Evolution 
4:406-425. 

Sakalidis ML, Hardy GE S J, Burgess TI (2011). Endophytes as 
potential pathogens of the baobab species Adansonia gregorii: a 
focus on the Botryosphaeriaceae. Fungal Ecology 4:1-14. 

Slippers B, Crous PW, Jami F, Groenewald JZ, Wingfield MJ (2017). 
Diversity in the Botryosphaeriales: looking back, looking forward. 
Fungal Biology 121:307-321. 

Waldron A, Garrity D, Malhi Y, Girardin C, Miller DC, Sedon N (2019). 
Agroforestry can enhance food security while meeting other 
sustainable Development Goals. Tropical Conservation Science 10:1-
6. 

Ying C, Weicai Y, Yongdong Z, Yuesheng X (2015). High speed 
BLASTN: an accelerated megaBLAST search tool. Nucleic Acid 
Research 46(16):7762-7768. 

 
 
 

http://nt.ars-grin.gov/fungaldatabases/accessed%20June%202019
http://nt.ars-grin.gov/fungaldatabases/accessed%20June%202019

