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Abstract: Leaf spot and rough bark diseases are of high 

concern among cinnamon growers in Sri Lanka due to potential 

yield losses. Comprehensive information on distribution and 

intensity of the above diseases is not available in Sri Lanka. 

During this study, disease assessment keys were developed 

for leaf spot and rough bark diseases with subjective scales, 

which could be useful in assessing the severity of the two 

diseases. Two hundred and eighty cinnamon accessions from 

major cinnamon growing areas of Matara, Galle, Kalutara, 

Kurunegala, Ratnapura and Humbantota Districts were used 

to determine the intensities of the above diseases. All the 

districts showed a high level of leaf spot disease severity, where 

23.81 % accessions from Galle and 17.14 % accessions from 

Kalutara districts exhibited the leaf spot disease severity scale 

of 6. Moreover, 60 % accessions from Kurunegala and 45.71 % 

accessions from Kalutara districts showed the leaf spot disease 

severity scale of 5. According to the study on rough bark 

disease severity, none of the major cinnamon growing areas is 

at a high risk of rough bark disease. However, the present study 

indicates the initiation and progression of rough bark disease 

in the six districts, where Matara district showed considerable 

levels of infection having 17.39 %, 11.59 %, 5.80 % and 

4.35 % of accessions with disease severity scales 2, 3, 4 and 5, 

respectively. The estimates of the two disease severities explain 

the present scenario of extent of the two diseases across major 

cinnamon growing areas in the country.

Keywords: Cinnamomum verum, cluster analysis, leaf spot 

disease severity, rough bark disease severity.

INTRODUCTION

The genus Cinnamomum (Family: Lauraceae) consists 

of about 250 species, grown in Asia and South and 

Central America mainly, and in Australia to some extent 

(Mabberley, 2008). There are nine Cinnamomum species 

found in Sri Lanka, among which Cinnamomum verum 

is considered as the most important species, contributing 

(Abeysinghe et al., 2009). The export volume and export 

earning of cinnamon in the year 2016 were 14,692.8 

metric tons and 23177.9 million rupees, respectively 

(Sri Lanka Customs, 2016). Cinnamomum verum has 

been found in the central hilly areas of Sri Lanka and 

also in Sinharaja and Knuckles forest reserves. The Wet 

Zone of Sri Lanka is highly favourable for cinnamon 

cultivation. Commercial cinnamon cultivation is also 

carried out along the coastal belts of Kalutara, Galle 

and Hambantota at an elevation of about 250 m above 

the mean sea level (Department of Export Agriculture, 

2013). 

 Leaf spot disease of cinnamon is caused by 

(Karunakaran & Nair, 1980; Kumara, 1999; Anandaraj & 

Devashayam, 2004).  Incidences of leaf spot disease are 
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reported from all cinnamon growing areas of Sri Lanka. 

Young seedlings show small brown specks on leaf 

lamina, which later coalesce forming irregular patches. 

In older leaves, these small specks coalesce and form 

necrotic blotches (Anandaraj & Devasahayam, 2004). 

The fungal pathogen  has been 

recorded causing red leaf spot of cinnamon in the lower 

infection of leaves and twigs by  

According to Kumara (1999), 18 % foliar damage had 

been recorded due to the leaf spot disease in Matara, Sri 

Lanka. However, there are no records on a correlation 

between cinnamon yield and the leaf spot disease 

severity.

 Rough bark disease has been reported in cinnamon, 

which turned out to be a great concern among the growers 

in Sri Lanka in the recent past. The disease symptoms 

appear as black or brown spots with borders on the stem, 

which later develop into large patches and produce the 

scab-like appearance. Inter-veinal chlorosis of young 

young shoots die causing heavy yield losses (Rajapakse 

& Kumara, 2007). Although an investigation on the 

causal organism of rough bark disease of cinnamon 

showed that a fungal pathogen similar to Phomopsis sp. 

to species level (Jayasinghe et al., 2017).

 A number of studies indicated that there was a 

variation in disease severities due to environment, 

genotype or environment and genotype interactions 

in plants. A variation was reported in anthracnose 

disease caused by  at 31 sites in 

Queensland (Davis et al., 1984). Geographical and 

temporal distribution of hosts is closely connected with 

fungal pathogens (Guillaumin et al., 1993; Ristaino & 

and pathogen interaction (Burdon, 1987). Sri Lankan 

cinnamon accessions exhibit a wide variation in 

et al., 2016; 

2018). Leaf morphology of cinnamon has been suggested 

as a morphological marker for essential oil composition 

(Wijesinghe & Gunarathna, 2001) and for genetic 

analysis (Azad et al., 2015). The correlation between 

leaf morphology and disease severity was tested during 

resistant genotypes for breeding programmes.

 Assessment of geographical distribution of leaf spot 

disease and rough bark disease is important in disease 

management and breeding. According to the best of 

intensity of leaf spot and rough bark diseases through 

disease assessment keys in major cinnamon growing 

areas of Sri Lanka.

 

 Thus, the present study was conducted with the 

objectives of: development of disease assessment keys; 

determination of leaf spot and rough bark disease 

intensities using disease assessment keys in cinnamon 

accessions collected from major cinnamon growing 

areas of Sri Lanka; and determination of the correlation 

between leaf spot and rough bark disease severities with 

leaf morphology of cinnamon accessions.

METHODOLOGY

Study site

of leaf spot disease and rough bark disease (Figure 1). 

More than 30 year old cultivations of 51 cinnamon lands 

from Matara, Galle, Kalutara, Kurunegala, Ratnapura 

during June 2014 to April 2015 (Figure 2). The lands 

the database of the Department of Export Agriculture 

(Table 1). Two hundred and eighty accessions from the 

above 51 lands in the six districts were used for the survey. 

The apparently distinct accessions of leaf morphology 

were randomly selected among total accessions keeping 

5 – 8 m distance between two selected accessions in each 

land. The leaf morphology was recorded following the 

Descriptors for cinnamon (Cinnamomum verum) (Team 

 

Figure 1: Diseased  specimens from field survey; A: cinnamon leaves affected 

Figure 1: Diseased Cinnamomum verum

disease
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Development of cinnamon leaf spot disease assessment 

key and evaluation of leaf spot disease severity

A cinnamon leaf spot disease assessment key, which 

consisted of a 0–9 subjective scale (0 = no infection; 

1 = up to 10 % infection; 2 = 11–20 % infection; 3 = 

21–30 % infection; 4 = 31–40 % infection; 5 = 41–50 % 

infection; 6 = 51–60 % infection; 7 = 61–70 % infection; 

8 = 71–80 % infection; 9 = more than 81 % infection) 

was developed based on the percentage of diseased leaf 

area (Figure 3) using Assess 2.0® software (Lamari, 

2008) and the range of disease severity. The accessions 

taken randomly from each selected accession, making 

a total of 1,400 leaves to estimate the disease severity 

visually using the leaf spot disease assessment key. The 

percentage of accessions with LSDS from each district 

Development of cinnamon rough bark disease 

assessment key and evaluation of rough bark disease 

severity

Rough bark disease assessment key (Figure 5) with 

a 0–7 subjective scale (0 = no infection; 1 = less than 

5 % infection; 2 = 5–15 % infection; 3 = 16–30 % 

infection; 4 = 31–50 % infection; 5 = 51–80 % infection; 

Figure 2: Map of Sri Lanka showing study locations of leaf spot 

and rough bark diseases of cinnamon

( )

District Study location Number of Number of

Matara Ehala Athuraliya 4 12

 Karapotu Gala 3 15

 Medagoda, Kamburupitiya 1 10

Galle Niyagama and Hiyare-east, Akmeemana 1 10

 Thilakapura, Ambalangoda 3 18

 Goduwa, Balapitiya 3 20

 Elpitiya 3 18

 Karandeniya 3 18

Kurunegala Ehhagamua 1 5

Kalutara Bulathsinhala 3 15

 Mathugama, Agalawatta 2 15

 Horana 1 5

Ratnapura Embilipitiya 4 17

 Hatangala, Weligapola 2 15

Hambantota Walasmulla 3 15

 Karamatiya, Walasmulla 4 20

Table 1: The study locations of 280 cinnamon accessions in the six districts
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6 = more than 80 % infection; 7 = death due to rough 

bark disease) was developed considering the percentage 

of diseased stem area and verifying with the percentage 

of diseased area by Assess 2.0® software (Lamari, 2008). 

bark disease severity (RBDS). Thirty centimetres long 

infected stems were observed randomly to measure the 

visually, using the rough bark disease assessment key. 

The percentage of accessions with RBDS from each 

disease (Figure 6).

Relationship between disease severity and leaf 

morphology

Leaf morphological data including leaf length (LL), leaf 

width (LW), leaf length-width ratio (LLWr) and petiole 

on the variation of the four morphological characters 

following Ward’s hierarchical clustering method using 

USA). The LSDS and RBDS of the 280 accessions were 

included according to the above clusters. Correlation 

using the same software for the relationships of each 

disease severity and each leaf morphological character. 

the accessions belonging to cluster 2 using MINITAB 

version 14 software (Minitab 14, 2003).

 

RESULTS AND DISCUSSION

Leaf spot disease was recorded in all cinnamon growing 

areas of Sri Lanka during the survey period from June 

2014 to April 2015. Almost all districts showed a high 

level of leaf spot disease occurrence (with an average 

leaf spot disease severity scale > 4). The average 

values of LSDS scale in Galle (4.82), Kurunegala 

(4.6) and Kalutara (4.74) districts were higher than the 

rest of the districts (Table 2). Sixty percent accessions 

from Kurunegala and 45.7% of the accessions from 

Kalutara districts gave a disease severity scale of 5, 

while 23.81 % accessions from Galle and 17.14 % 

accessions from Kalutara districts exhibited a LSDS 

scale of 6. Furthermore, 52.2 % accessions from Matara, 

40.5% accessions from Galle, 40.0 % accessions from 

Kurunegala, 57.7 % accessions from Ratnapura and 

51.4 % accessions from Hambantota gave a disease 

severity scale of 4 (Figure 4).

RBDS was recorded following a disease severity 

assessment key with a scale from 0 – 7 in the six districts 

and presented in Figure 6. The average values of disease 

severity in Matara (1.30), Galle (1.31) and Kalutara 

(1.29) districts were higher than 1 in contrast to the 

other districts (Table 2). Cinnamon accessions from 

Kurunegala District were less susceptible to rough bark 

disease as only 20 % of the accessions gave a disease 

severity scale of 2 (Figure 6). Only a few accessions 

(1.92 % from Ratnapura, 2.38 % from Galle, 2.86 % from 

Kalutara and 2.86 % from Hambantota districts) gave the 

disease severity level of 6, which was the highest level 

recorded among accessions. 

 

Figure 3: A pictorial diagram of cinnamon leaf spot disease severity 

assessment key indicating the maximum level of disease 

severity for each scale. Shades represent the area of 

diseased tissue given in percentage below each picture

District Leaf spot  Rough bark

 disease severity disease severity

Matara 4.50 1.30

Galle 4.82 1.31

Kalutara 4.74 1.29

Kurunegala 4.60 0.40

Ratnapura 3.65 0.96

Hambantota 3.91 0.94

Table 2: Average leaf spot and rough bark disease severities in six 

districts of Sri Lanka during June 2014 to April 2015
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Bark is the most valuable part of cinnamon plant. 

Infections on the bark reduce both the quality and 

quantity of the yield. Based on the current study, none 

of the major cinnamon growing areas is at a high 

risk of rough bark disease. However, the initiation 

of the rough bark disease in the above six districts is 

detected. Matara District exhibited a considerable level 

of infection recording 17.39 %, 11.59 %, 5.80 % and 

4.35 % accessions with disease severity scales of 2, 3, 

4 and 5, respectively, which could be due to conducive 

environmental factors such as climatic conditions, type 

of pathogen prevailing and nature of soil in the area, etc. 

Understanding the nature of host-pathogen interaction is 

of utmost importance in disease management: even the 

initial level of disease severity can lead to a complete 

failure of harvest under favourable environmental 

conditions. In this situation, assessing the rough 

bark disease in terms of disease incidence instead of 

disease severity would have been more meaningful. As 

disease is still not properly executed, measures should 

be taken to correctly identify the pathogen and to take 

appropriate control measures to avoid future yield 

losses of the crop.

Figure 4: Percentage of accessions showing leaf spot disease severity at 0-9 scale in major Figure 4: – 9 scale in major cinnamon growing districts in Sri Lanka 

during June 2014 to April 2015
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Figure 6: Percentage of accessions showing rough bark disease severity according to 0-7 scale in 
Figure 6: – 7 scale in major cinnamon 

growing areas of Sri Lanka

280 cinnamon accessions into seven clusters at a 

rescaled distance of 2.5 (Figure 7). All data of the 

LSDS and RBDS of the 280 accessions were rearranged 

according to cluster-wise accessions. The highest 

average LSDS index (4.83) and the highest average 

RBDS index (1.75) were observed in cluster 2 among the 

seven clusters (Table 3). Furthermore, the highest average 

leaf length (18.74 cm) and the highest average petiole 

length (2.21 cm) were recorded in cluster 2. 

between disease severities and the respective 

was not found between each disease severity and 

morphological characters within each cluster except 

for leaf spot disease severity (LSDS) of accessions of 

Figure 5: A pictorial diagram of rough bark disease severity assessment key indicating the 

Figure 5: A pictorial diagram of rough bark disease 

severity assessment key indicating the 

maximum level of disease severity for each 

scale. Shades represent the area of diseased 

tissue given in percentage below each picture.
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Cluster            Average value of morphological character* Average Average

number      LSDS RBDS 
      index ** index***

  

1 15.96 6.68 2.39 1.95 4.47 0.88

2 18.74 6.97 2.71 2.21 4.83 1.75

3 15.81 5.47 2.89 1.80 4.25 1.3

4 13.21 5.28 2.51 1.56 4.32 1.01

5 14.38 7.54 1.91 1.87 4.60 0.95

6 10.50 4.97 2.12 1.26 4.18 1.30

7 12.92 6.14 2.10 1.57 4.41 1.44

*

** Average LSDS index: average leaf spot disease severity index
***Average RBDS index: average rough bark disease severity index

Table 3: Variation of average leaf spot disease and rough bark disease severity indices with selected morphological 

characters for each cluster of the dendogram derived through Ward’s linkage analysis

 

Figure 7: The dendogram of cinnamon accessions derived through Ward’s 

linkage cluster analysis based on four quantitative characters of 

leaf length, leaf width, leaf length-width ratio and petiole length.
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linear relationship 

with petiole length (0.773) at 0.01 % probability level 

(Table 4). The absence of correlations between leaf 

characters and the diseases could be due to phenotypic 

plasticity of leaf length, leaf width and petiole length 

growing districts.  Leaf character plasticity in alpine 

plants is suggested as an important mechanism to tolerate 

changing environmental conditions (Henn et al., 2018).

 Regression analysis was performed between LSDS 

Minitab 14 software (Figure 8). According to non-linear 

regression (R-Sq = 62 %), there was a relationship 

LSDS - -0.058 0.161 -0.263    0.773**

LL  -   0.906**    -0.748** 0.102

LW   -    -0.954** 0.159

LLWr    - -0.153

**.

Table 4: The correlations between leaf spot disease severity 

(LSDS) with leaf length (LL), leaf width (LW), leaf 

the cinnamon germplasm collection from cluster-02

Figure 8:

CONCLUSION

distributed in major cinnamon growing areas, whereas 

rough bark disease severity is still at the initial stage 

leaf morphology is not directly linked to both leaf spot 

and rough bark disease severities in the representative 

accessions from major cinnamon growing areas in 

Sri Lanka. The developed disease assessment keys would 

be helpful for assessing leaf spot and rough bark disease 

severities in the future. According to the study, early 

detection of pathogens and control measures of leaf spot 

and rough bark diseases should be adopted to minimise 

further spread of the diseases, to prevent economic losses 

and to increase the productivity of cinnamon.
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