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Field evaluation of the effectiveness of2

thermotherapy against cassava mosaic disease in3

Central African Republic4

5

ABSTRACT6

Cassava mosaic disease (CMD) is considered the most important biotic constraint and it greatly7

reduces yields. Some study shows that thermotherapy is a way to control the CMD in Africa. The8

effectiveness of thermotherapy in managing cassava mosaic disease (CMD) was studied on a9

susceptible local cultivar in the field in the epidemiological conditions at Kapou localized south west of10

Central African Republic. Diseased cassava cuttings were treated in a heated water bath at11

temperatures ranging from 43 °C to 51 °C for 30 min before being grown for 12 months in the field.12

Temperatures from 43 °C to 49 °C were found to have no deleterious effect on either the survival of13

cuttings or on plant regeneration. One month after planting (MAP), up to 40% of the cuttings treated at14

47 °C to 49 °C had regenerated a plant with no CMD symptoms compared to 7% of untreated cuttings.15

Between two and five MAP, cassava cuttings treated at 49 °C produced plants with a significantly16

lower incidence of CMD than plants produced from untreated cuttings. All plants grown from treated17

cuttings developed significantly less severe CMD symptoms than untreated cuttings between 8 and 1218

months after planting. The highest tuberous root yield was obtained with diseased cuttings treated at19

49 °C (4.7 kg/plant), equivalent to the yield from untreated symptomless cuttings (4.6 kg/plant). Our20

data clearly demonstrate the value of thermotherapy to maintain a high level of production using local21

cultivars under severe CMD epidemic conditions.22

23

INTRODUCTION24

Cassava (Manihot esculenta Crantz, Family Euphorbiaceae) is one of the most cultivated and the25

most consumed crop in sub-Saharan Africa (FAOSTAT, 2011). However, cassava mosaic disease26

(CMD), transmitted by the whitefly Bemisia tabaci (Gennadius) and perpetuated through cuttings,27
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causes severe losses annually in all cassava-growing areas of Africa. Of the 134 million tonnes of28

tuberous roots produced in Africa in 2010, annual loss was estimated to be 35 million tonnes29

(FAOSTAT, 2011). Except the recent cassava brown streak disease epidemic in East Africa (Legg et30

al, 2011), CMD is the principal limitation factor for cassava cultivation in tropical and subtropical31

regions in Africa (Harrison et al, 1997; Fondong et al, 2000; Owor et al., 2004a, 2004b; Legg et al.,32

2006; Zinga et al., 2008; Patil and Fauquet, 2009).33

Several studies have demonstrated that phytosanitation measures that improve the health-status of34

cassava planting materials contribute to improve the cassava production in Africa (Kartha and35

Gamborg, 1975; Kaiser and Louie, 1982; Fargette et al., 1990; Fargette and Fauquet, 1990; Tresh and36

Cooper, 2005; Kwabena, 2009). Thermotherapy technique coupled with tissue culture, to cure the37

infected plants, have been carried out in the 70s in several countries (Kartha and Gamborg, 1975). In38

Nigeria, meristem tips from diseased cassava plants subjected to heat treatment at 35-38°C for 3039

days were found healthy by visual inspection of the leaves (Adejare and Coutts, 1981). In Ghana,40

similar results were obtained with CMD plants treated at 37°C for 30 days (Kwabena, 2009).41

Thermotherapy performed directly on the cuttings from plants affected with CMD was initiated in42

Kenya (Kaiser and Louie, 1982). After hot-air treatment of plants contaminated with CMD at 37°C for43

87 to 105 days, the pathogen was eradicated from 33 to 44% of tip cuttings (1.0-1.5 cm long).44

However, they concluded that hot-water treatments of diseased stem cuttings, at 50 or 55°C for45

varying intervals, were not therapeutic.46

Temperature dramatically affects plant-virus interactions with an attenuation of virus-induced47

symptoms at high temperature (Szittya et al., 2003). Consequently, thermotherapy has been48

considered as a first-choice method to free vegetative material from viruses (Manganaris et al., 2003).49

It was demonstrated that the underlying molecular mechanism behind the effect of temperature on50

symptom severity of Cymbidium ring spot virus (CymRSV; an RNA virus) was associated with gene51

silencing. The increase in temperature leads to an increase in virus-derived siRNA accumulation,52

resulting in the development of fewer symptoms (Szittya et al., 2003). Cassava geminivirus-induced53

RNA silencing was also found to be increased by raising the temperature from 25°C to 30°C, with the54

appearance of asymptomatic newly developed leaves, irrespective of the nature of the virus55

(Chellappan et al., 2005).56
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In Central African Republic (CAR) cassava is the first food crop with 2.4 million tonnes of fresh57

tuberous roots, equivalent to 600,000 tonnes of chips, ten times higher than maize and groundnuts58

(Mallouhi and Kafara, 2002). Both tuberous roots and leaves are eaten, the former as a major source59

of carbohydrates and the latter as green vegetable providing vitamins, minerals and proteins (Achidi et60

al., 2005). Disease surveys conducted in CAR between 2005 and 2008 have reported 85% incidence61

of CMD with a yield loss estimated at 50% (Zinga et al., 2008; 2012b). Importantly, these studies also62

demonstrated that 79% of the cuttings used by farmers for cultivation were contaminated with CMD.63

Molecular characterization of the viruses involved also showed that the causal agents of CMD in CAR64

were the African cassava mosaic virus (ACMV) and the Uganda strain of East African cassava mosaic65

virus (EACMV-UG), with 58% of diseased samples presenting mixed infections with higher symptom66

severities (Zinga et al., 2012a; 2012b). Even if management efforts to control CMD have mainly67

focused on multiplication and dissemination of resistant varieties (Patil and Fauquet, 2009), the68

application of phytosanitation deserve further research.69

This paper presents results on the study of the effectiveness of thermotherapy in managing CMD in70

the field and under Central African Republic epidemiological conditions. Particular attention was paid71

to the identification of cheap and readily applied management measures that could be popularized in72

rural areas.73

74

2. MATERIALS AND METHODS75

2.1. Experimental site76

The experimental site is located at Kapou, 40 km south of Bangui in the Guinean forest zone77

(04°13’425N; 18°18’034E; 255m altitude) characterized by an annual mean temperature of 25°C with78

a rainy season between May and October and a dry season between November and April. Annual79

mean rainfall is 1600 mm. The study period was August 2010 to July 2011 corresponding to a80

complete cultivation cycle.81

2.2. Plant material82

Cuttings from the local CMD-susceptible cultivar “Yalipé” showing CMD symptoms with a severity83

score of 3 (Cours, 1951) and symptomless cuttings from the same cultivar were collected in cassava84
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fields at Damara. Selection of stem cuttings for use as planting material was based on the visual85

assessment of the standing plants.86

2.3. Experimental design87

Two hundred diseased cuttings 30 cm in length were split into five lots (40 x 5), corresponding to five88

temperature treatments. Each set was treated in a heated-water bath at 43 °C (T1), 45 °C (T2), 47 °C89

(T3), 49 °C (T4) or 51 °C (T5) for 30 minutes. Three batches of 40 cuttings (untreated controls) were90

included in the experimental design: (i) a diseased Yalipé cultivar control, (ii) a symptomless Yalipé91

cultivar control, and (iii) a cassava cultivar from Reunion Island free from CMD as a healthy control. All92

the cuttings were planted in a complete randomized block design in the open field with 1 m x 1 m93

spacing.94

2.3. Assessment of thermotherapy95

For each plant, CMD incidence, a CMD symptom severity score, and the abundance of whiteflies were96

recorded on the five top youngest leaves monthly for one to 12 months after planting (MAP), based on97

the standard protocols established by Sseruwagi et al (2004). CMD incidence was calculated as the98

proportion of plants with symptoms. The CMD symptom severity score was rated on a six-point scale99

(Cours et al, 1951): 0, no symptoms; 1, mild chlorosis without leaf deformation; 2, visible mosaic with100

or without slight leaf deformation; 3, strong mosaic all over the leaflets with deformation; 4, as in 3 but101

with severe leaf deformation; and 5, severe mosaic and severe reduction of leaf size. The weight of102

tuberous roots was recorded 12 MAP (July 2011) at harvest. The yield was estimated as the average103

weight in kg of fresh tuberous roots per plant and per treatment.104

2.4. Statistical analyses105

Data processing and analysis were performed using R software (version 2.15.3, R Development Core106

Team, 2013). A pairwise Fisher's exact test with a Holm's correction (1979) was used to compare the107

effect of the thermotherapy on percentage plant regeneration, and on monthly incidence. The effect of108

treatment on the monthly symptom severity score was tested by a proportional odds logistic regression109

model. The effect of the treatment on the mean weight of tuberous roots was tested by analysis of110

variance; the weights were log-transformed to take into account the heteroscedasticity of residuals. A111
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Tukey's test of pairwise mean comparisons was then used to compare mean yields between112

treatments. All the tests were performed at a level of significance of P=0.05.113

3. RESULTS ET DISCUSSION114

3.1. Results115

3.1.1 Abundance of whitefly vectors116

The number of whiteflies observed on plants was low (1-3 whiteflies) during the first three months of117

the experiment and thereafter gradually increased to reach a first peak at 7 MAP (22-28 whiteflies118

during the dry season) and then a second peak at 11 MAP (10-18 whiteflies during the rainy season;119

Fig. 1). Importantly, no difference in the mean number of whiteflies was observed between untreated120

and treated plants.121

122

Fig 1. Average number of whiteflies per cassava plant in heat-treated cassava mosaic diseased123

cuttings of a local cv. ‘Yalipé’ in the 12 months after planting at Kapou in the Central African124

Republic (2010/2011). T1: diseased cuttings treated at 43 °C, T2: 45 °C, T3: 47 °C, T4: 49 °C, T5: 51125

°C, T6: untreated diseased cuttings, T7: untreated symptomless cuttings, and T8: healthy cassava cv.126

from Reunion Island free from CMD used as control.127

128
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3.1.2. Effect of thermotherapy on plant regeneration129

Temperatures from 43 °C to 49 °C (T1 to T4) had no significant deleterious effect on the survival of130

cuttings and regeneration of cassava plants with nearly 100% of plants regenerated, while only 80% of131

the cuttings treated at 51 °C (T5) regenerated cassava plants (significantly different from other132

treatments, P<0.001).133

3.1.3. CMD incidence134

One month after planting, statistical analysis revealed the lowest CMD incidence on untreated135

symptomless cuttings (T7, 23%) and untreated healthy cuttings from Reunion Island (T8, 5%). The136

highest CMD incidence was observed on plants grown from untreated diseased cuttings (T6, 93%),137

diseased cuttings treated at 43 °C (T1, 88%) and 45 °C (T2, 85%) (Fig. 2). Moderate CMD incidence138

was observed on plants grown from diseased cuttings treated at 47 °C (T3, 61%), 49 °C (T4, 59%),139

and 51 °C (T5, 57%). Highly significant differences in CMD incidence were observed between the140

untreated diseased cuttings (T6) and the diseased cuttings treated at 47 °C (T3, P=0.0019), 49 °C (T4,141

P=0.0006) and 51 °C (T5, P=0.0016). Although the incidence of CMD on these plants reached 100%142

at eight MAP, only the plants regenerated from diseased cuttings treated at 49 °C (T4) presented143

significantly lower CMD incidence (P<0.001) than the untreated control (T6) between two and five144

MAP, suggesting that 49 °C is the most effective temperature to reduce the incidence of the disease.145

The rapid increase in CMD incidence (from 5% to 100%) on the Reunion cultivar during the first three146

months of growth confirmed the high susceptibility of this cultivar to CMD and the serious constraint of147

this disease in the Central African Republic even in the case of a low abundance of whiteflies.148
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149

cassava cv. from Reunion Island free from CMD used as control.150

Fig 2. Incidence of cassava mosaic disease (CMD, percentage of symptomatic plants) in heat-151

treated diseased cuttings of a local cv. ‘Yalipé’ in the 12 months after planting at Kapou in the152

Central African Republic (2010/2011). T1: diseased cuttings treated at 43 °C, T2: 45 °C, T3: 47 °C,153

T4: 49 °C, T5: 51 °C, T6: untreated diseased cuttings, T7: untreated symptomless cuttings, and T8:154

healthy cassava cv. from Reunion Island free from CMD used as control.155

156

3.1.4. CMD symptom severity157

At 12 MAP, the plants grown from treated diseased cuttings (T1 to T5) had significantly lower mean158

scores for CMD symptom severity than those for untreated diseased cuttings (T6) (P<0.05),159

suggesting that heat treatment of cuttings can significantly reduce the expression of CMD symptoms160

(Fig. 3). Specifically, compared with untreated diseased cuttings (T6), significantly lower mean scores161

of CMD symptom severity were observed from the fourth month of growth for the plants regenerated162

from diseased cuttings treated at 47 °C (T3), from the eighth and ninth months of growth respectively163

for treatments at 45 °C (T2) and 49 °C (T4) and finally, from the 11th and 12th months of growth164

respectively for treatments at 51 °C (T5) and 43 °C (T1) (P<0.05).165
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166

Fig 3. Average scores of cassava mosaic disease (CMD) symptom severity in heat-treated167

diseased cuttings of a local cv. ‘Yalipé’ in the 12 months after planting at Kapou in the Central168

African Republic (2010/2011). T1: diseased cuttings treated at 43 °C, T2: 45 °C, T3: 47 °C, T4: 49169

°C, T5: 51 °C, T6: untreated diseased cuttings, T7: untreated symptomless cuttings, and T8: healthy170

cassava cv. from Reunion Island free from CMD used as control.171

172

3.1.5. Weight of tuberous roots173

The highest mean weight of tuberous roots per plant was obtained with plants grown from untreated174

symptomless cuttings (T7, 4.6 kg/plant) and from diseased cuttings treated at 49 °C (T4, 4.7 kg/plant)175

(Fig. 4). These weights were significantly higher (P<0.05) than those obtained from plants grown from176

diseased cuttings treated at 47 °C (T3, 3.11 kg/plant), untreated diseased cuttings (T6, 2.8 kg/plant),177

diseased cuttings treated at 45 °C (T2, 2.5 kg/plant) and at 43 °C (T1, 2.3 kg/plant), and untreated178

healthy cuttings from Reunion Island (T8, 2.09 kg/plant).179
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180

Fig 4. Mean yield of fresh tuberous roots per cassava plant from heat-treated cassava mosaic181

diseased cuttings of a local cv. ‘Yalipé’ in the 12 months after planting at Kapou in the Central182

African Republic (2010/2011). T1: diseased cuttings treated at 43 °C, T2: 45 °C, T3: 47 °C, T4: 49183

°C, T5: 51 °C, T6: untreated diseased cuttings, T7: untreated symptomless cuttings, and T8: healthy184

cassava cv. from Reunion Island free from cassava mosaic disease used as control.185

186

187

3.2. Discussion188

Our results demonstrate that hot-water treatment of CMD diseased cuttings at 47 °C and 49 °C for 30189

minutes has a significantly positive effect on the regeneration of symptomless cassava plants and190

reduces the severity of symptoms, without affecting the survival of the cuttings. Indeed, with these191

treatments, one month after planting, up to 40% of the plants were symptomless compared to only 7%192

of the untreated diseased cuttings control. However, none of the temperatures tested led to complete193

elimination of the symptoms or even to reach the healthy plant rates obtained from control cuttings194

(77% and 93% healthy plants grown from symptomless cuttings of the local cultivar and healthy195

cuttings from Reunion Island that were free of CMD, respectively). These results are in agreement with196

those obtained by Kaiser and Louie (1982) who concluded that although hot water treatment of197

cassava cuttings has beneficial effects, the effects are not therapeutic. In contrast to untreated198
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diseased cuttings which reached 100% of diseased plants two MAP, the diseased cuttings treated at199

47 °C, 49 °C and 51 °C reached 100% incidence of CMD only eight MAP. Moreover, in our study, at200

12 MAP, all plants grown from diseased cuttings treated at temperatures above 43 °C expressed201

significantly less severe symptoms of CMD than untreated diseased cuttings. Considering the delay in202

reaching high CMD incidence or the less severe symptoms of CMD, our results confirm that heat203

treatment stimulates plant resistance to CMD (Kaiser and Louie, 1982; Manganaris et al, 2003;204

Kwabena, 2009). Similar reductions in the severity of CMD symptoms after heat treatment were205

observed by Kwabena et al (2009) in a local cultivar in Ghana. The effect of temperature was206

associated with RNA silencing. Drastic elevation of virus-derived short-interfering RNA (siRNA)207

accumulation was measured with increasing temperature, resulting in reduced development of208

symptoms (Chellappan et al, 2005).209

In our study, the highest yield was obtained from plants grown from diseased cuttings treated at 49210

°C (4.7 kg/plant), a yield statistically similar to that of untreated symptomless cuttings (4.6 kg/plant).211

Although plants grown from diseased cuttings treated at 47 °C, 49 °C and 51 °C had a similar CMD212

incidence at one MAP (61%, 59% and 57%, respectively), the diseased cuttings treated at 49 °C213

showed significantly lower CMD incidence between two and five MAP compared to plants in the two214

other treatments. Therefore, our results suggest that the lower incidence and severity of the disease215

during the first months of plant growth has a significant effect on the final yield. These observations216

are consistent with previous field experiments in which the yield of cassava decreased dramatically217

when the infection occurred early and when the severity of symptoms increased (Fargette and218

Fauquet, 1990).219

4. CONCLUSION220

From our results, it is clear that farmers would benefit from growing heat-treated cuttings of local221

cultivars, especially in the Central African Republic where the majority of cuttings used by farmers are222

contaminated by CMD (Zinga et al 2012a). This technique is therefore appropriate for local cultivars223

which are generally susceptible to CMD and is also appropriate for the agro-ecological conditions of224

the country and the tastes and customs of the farmers. Cheap and easy to implement, this technique225

is an underestimated cultivation practice that should be combined with all existing phytosanitary226
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measures to control CMD in Africa such as the spread of mosaic-free cuttings, roguing of diseased227

plants, and deployment of resistant cultivars (Fargette and Fauquet, 1990; Tresh and Cooper, 2005).228
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304

APPENDIX305

Figure legends306

Fig 1. Average number of whiteflies per cassava plant in heat-treated cassava mosaic diseased307

cuttings of a local cv. ‘Yalipé’ in the 12 months after planting at Kapou in the Central African308

Republic (2010/2011). T1: diseased cuttings treated at 43 °C, T2: 45 °C, T3: 47 °C, T4: 49 °C, T5:309

51 °C, T6: untreated diseased cuttings, T7: untreated symptomless cuttings, and T8: healthy310

cassava cv. from Reunion Island free from CMD used as control.311

Fig 2. Incidence of cassava mosaic disease (CMD, percentage of symptomatic plants) in heat-312

treated diseased cuttings of a local cv. ‘Yalipé’ in the 12 months after planting at Kapou in the313

Central African Republic (2010/2011). T1: diseased cuttings treated at 43 °C, T2: 45 °C, T3: 47314

°C, T4: 49 °C, T5: 51 °C, T6: untreated diseased cuttings, T7: untreated symptomless cuttings,315

and T8: healthy cassava cv. from Reunion Island free from CMD used as control.316

Fig 3. Average scores of cassava mosaic disease (CMD) symptom severity in heat-treated317

diseased cuttings of a local cv. ‘Yalipé’ in the 12 months after planting at Kapou in the Central318

African Republic (2010/2011). T1: diseased cuttings treated at 43 °C, T2: 45 °C, T3: 47 °C, T4: 49319

°C, T5: 51 °C, T6: untreated diseased cuttings, T7: untreated symptomless cuttings, and T8:320

healthy cassava cv. from Reunion Island free from CMD used as control.321

Fig 4. Mean yield of fresh tuberous roots per cassava plant from heat-treated cassava mosaic322

diseased cuttings of a local cv. ‘Yalipé’ in the 12 months after planting at Kapou in the Central323

African Republic (2010/2011). T1: diseased cuttings treated at 43 °C, T2: 45 °C, T3: 47 °C, T4: 49324

°C, T5: 51 °C, T6: untreated diseased cuttings, T7: untreated symptomless cuttings, and T8:325

healthy cassava cv. from Reunion Island free from cassava mosaic disease used as control.326

327
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