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CHAPTER 14

Cassava’s Natural Defense against  

Arthropod Pests*

Introduction

Higher plants develop physical and chemical 
mechanisms for their defense against pests. These 
defenses may be found within healthy plants or are 
induced through arthropod attack. They are variable in 
nature, and can be modified by ecological factors. 

More frequently, physical mechanisms are present 
in healthy plants, although they are sometimes induced 
by pests, as in the case of callus formation. These 
mechanisms greatly affect the establishment of an 
arthropod on a plant, especially, those behaviors that 
prevail when the insect selects and establishes itself on 
a host plant. 

Chemical defense is the most effective and 
frequent mechanism found in plants (Bell 1974), as the 
substances of secondary metabolism are those that 
exercise the most action on the environment. 
According to Fraenkel (1969), these substances are 
composed mostly for defensive functions and tend to 
give the plant repellent or toxic attributes, affecting 
insect growth. 

These substances are qualified as secondary, 
because each family is restricted to a limited group of 
plants and because usually they do not appear to 
intervene in the basic biochemical processes of most 
plants. Secondary substances include alkaloids, 
steroids, terpenoids, phenolic compounds (e.g., 
flavonoids and tannins), hydrocyanic or sulfur-derived 

compounds (e.g., linamarin and glucosinolates), and 
other organic compounds whose metabolic functions 
within plants are not well defined (Robinson 1974; Beck 
and Reese 1976). 

Whittaker (1970) proposed the term allelochemical 
for some secondary substances that are defined, in 
plant-insect interactions, as substances produced by 
the plant and which markedly affect the insect’s 
growth, survival, and behavior or biology. An example 
of allelochemical interactions is the production of 
phytoalexins, which are synthesized by the plant and 
are induced by the presence of a foreign body, usually 
a microorganism. Other interactions include those that 
attract or repel, or are phagorepellent, inhibiting, or 
toxic.

Manihot esculenta Crantz (Euphorbiaceae) is 
reported in the literature as presenting physical and 
chemical mechanisms against arthropod pests (Bellotti 
et al. 1999). In this chapter, we present several cases 
that have been clearly demonstrated. 

Physical Mechanisms

For cassava’s resistance to thrips, Frankliniella 

williamsi (Thysanoptera, Thripidae), leaf pilosity has 
been clearly demonstrated as contributing to the 
plant’s defense against these insects. Increased leaf 
pubescence leads to increased resistance to thrips, as 
the hairiness interferes with their progress in settling 
on the plants (Schoonhoven 1974; Bellotti and 
Schoonhoven 1978). 

 In contrast, cassava’s pilosity does not disturb the 
cassava mealybug (Phenacoccus manihoti Matile-
Ferrero; Sternorrhyncha: Pseudococcidae) (Calatayud 
and Le Rü 2006). In a study on cassava and P. 

manihoti interactions, a common and rapid reaction, 
also appearing in many other plant species, was 
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observed: callus formation (polymer of ß(1,3)-D-
glucopyranose; Figure 14-1) on contact with the 
mealybug’s stylets (Calatayud et al. 1996). This reaction 
constitutes a scarring of the phloem, which thus 
interrupts sustained feeding by this phloemphagous 
insect.

Another physical mechanism of plants, which 
affects feeding behavior in P. manihoti, occurs in the 
plant cell wall. An analysis of the secondary 
compounds present in the intercellular liquids of 
cassava leaves has shown that phenolic acids are 
strongly involved in the mealybug’s establishment on 
the plant (Calatayud et al. 1994a). These acids, 
precursors in the synthesis of compounds associated 
with cell-wall pectins, probably constitute significant 
factors in interactions with the insect’s salivary 
enzymes, thus annoying the insect and changing its 
feeding behavior. Moreover, the level of these phenolic 
acids declines strongly during dry times, thus partly 
explaining increases in natural populations of P. 

manihoti in the field during droughts (Calatayud and 
Le Rü 1995). 

Chemical Mechanisms

An important characteristic of cassava biochemistry is 
the presence of cyanogenic compounds in leaves, 

Figure 14-1. Microphotograph of a cross-section of cassava leaf 
tissue infested by mealybug Phenacoccus manihoti. 
The section, which shows a phloem cell, was treated 
with the polyclonal antibody specific against the 
substance ß(1,3)-D-glucopyranose, a constituent of 
the callus (ca). This reaction makes visible the gold 
particles carrying the antibody (black points in the 
callus). The callus results from the cell responding 
to the perforation (black arrow) that the insect made 
in the primary cell wall (pw). The callus covers the 
hole and thus prevents the plasmalemma (pa) from 
draining and causing cell death. These elements 
(callus, perforation, plasmalemma) are found within 
the insect’s feeding area. (Calatayud and Múnera 
2000; adapted from Calatayud et al. 1996.)

(pa)
(ca)

(pw)

stems, and roots. In plant tissues, the cyano (CN)3 
group links with D-glucose to form cyanogenic 
glucosides (Conn 1980), mostly linamarin (Figure 14-2) 
(Butler et al. 1965).

When wounded, cassava tissues excrete 
hydrocyanic acid (HCN). This property, known as 
cyanogenesis, results specifically from the action of an 
endogenous enzyme (ß-glucosidase) on linamarase 
(Figure 14-2; Conn 1980). The cyanogenesis releases a 
toxic molecule, thus protecting cassava against pests. 
However, such protection has yet to be clearly 
demonstrated (Hruska 1988). 

In roots, cyanogenesis can constitute a defense 
against the subterranean burrower bug, Cyrtomenus 

bergi Froeschner (Hemiptera: Cydnidae). The HCN 
released through an attack from this insect on roots 
was demonstrated to play a repellent role. Cassava 
varieties with low HCN levels are usually attacked more 
severely than those with high HCN levels (Castaño et 
al. 1985; Bellotti and Riis 1994; Riis 1997; Bellotti et al. 
1999). Furthermore, high levels of HCN in artificial 
diets (with levels similar to those found in bitter 
cassava varieties) were clearly demonstrated to be toxic 
to the burrower bug (Cortés et al. 2003), indicating that 
cassava varieties with high levels of HCN are also toxic 
to C. bergi. 

However, for several reasons, cyanogenesis in 
cassava does not constitute a defense mechanism 
against the mealybug. Linamarin itself is not toxic to  
P. manihoti and seems more like a phagostimulant 
(Calatayud et al. 1994a, 1994b; Calatayud 2000). 

Under natural conditions, the insect has an 
enzymatic complex capable of hydrolyzing linamarin 
(Calatayud et al. 1995). However, the linamarase of  
P. manihoti does not seem to come from the insect 
itself, but from bacteria contained in its digestive tract 
(Calatayud 2000). The HCN levels found within their 
digestive tract are not toxic to the insect, as it 
possesses an effective system of excretion or 
detoxification (Calatayud et al. 1994b). 

Furthermore, the location of linamarase in plant 
tissues differs from that of its substrate, linamarin 
(Pancoro and Hughes 1992). This, and the fact that  
P. manihoti stylets, on penetrating, causes almost no 

3. For an explanation of this and other abbreviations and acronyms, 
see Appendix 1: Acronyms, Abbreviations, and Technical 

Terminology, this volume.
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Figure 14-2.  The chemical formula for linamarin, and cyanogenesis flow chart illustrates the release of HCN through the actions of   
 linamarase (A) and hydroxynitrile lyase (B) (Calatayud and Múnera 2000).

wounding (Calatayud et al. 1994a), suggests that 
cassava–mealybug interactions are unlikely to initiate 
cyanogenesis. 

Although no alkaloids were evident in cassava, 
some glycosylated flavonoids were detected (Calatayud 
et al. 1994b), including rutin (Figure 14-3), the absence 
of which, in plants, is more significant than its presence 
(Harborne and Williams 1975). They were 
demonstrated as affecting P. manihoti growth and 
development (Calatayud et al. 1994b; Calatayud 2000). 

One defensive response that cassava displays 
against P. manihoti appears to be an increase in rutin 
levels. Such an increase varies with season and is less 
pronounced during dry times. This partly explains 
increases in natural populations of P. manihoti in the 
field during drought (Calatayud et al. 1994c). However, 
the negative effect of rutin on P. manihoti growth and 
development does not seem to result from a toxic 
action on the insect but more from being 
phagorepellent in nature (Calatayud 2000). 

Conclusions

In M. esculenta, the natural defenses against arthropod 
pests described in the literature seem to affect in 
particular the establishment or sustained feeding 
(through phagorepellence) of the pest in the plant. The 
mechanisms used are physical (pilosity and callus 
formation) or chemical (HCN and rutin). 

No example from the literature has clearly shown a 
cassava variety having a toxic effect on pests or as 

Rutin = quercetin (3,3’, 4’, 5,7-pentahydroxyflavone) + rutinose
Rutinose = rhamnose + glucose
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Figure 14-3.  Chemical formula for rutin (Calatayud and Múnera  
 2000).

possessing a toxic molecule that works against the 
pests’ development and growth. This is partly 
evidenced by the almost total lack of development of 
varietal resistance to control the several arthropod 
pests of cassava (Bellotti and Schoonhoven 1978; 
Bellotti et al. 1999). 

However, a variety of cassava (M Ecu 72) and a wild 
Manihot species (M. flabellifolia Pohl [Euphorbiaceae]) 
demonstrated resistance, and may therefore be 
promising for isolating genes for resistance to whitefly, 
Aleurotrachelus socialis Bondar (Hemiptera: 
Aleyrodidae) (Bellotti et al. 1999; Carabalí et al. 2010). 
The mechanisms of resistance to this whitefly are yet to 
be described, although physical factors appear 
probable. 



298

 Cassava in the Third Millennium: …

Acknowledgments

The authors express their gratitude to Ana Milena 
Caicedo for her critical reading and suggestions for the 
manuscript. 

References

Beck SD; Reese JC. 1976. Insect-plant interactions: 
nutrition and metabolism. Recent Adv Phytochem 
10:41–92. 

Bellotti AC; Riis L. 1994. Cassava cyanogenic potential 
and resistance to pests and diseases. In: Proc 
International Workshop on Cassava Safety, held in 
Ibadan, Nigeria, March 1994. Centro Internacional de 
Agricultura Tropical (CIAT), Cali, Colombia. WOCAS, 
ISHS, and ISTRC, Wageningen, Netherlands.  
p 141–152.

Bellotti AC; Schoonhoven A van. 1978. Mite and insect 
pests of cassava. Annu Rev Entomol 23(1):39–67.

Bellotti AC; Smith L; Lapointe SL. 1999. Recent advances 
in cassava pest management. Annu Rev Entomol 
44:343–370.

Butler GW; Bailey RW; Kennedy LD. 1965. Studies on the 
glucosidase “linamarase”. Phytochemistry 4(3): 
369–381.

Calatayud P-A. 2000. Influence of linamarin and rutin on 
biological performances of Phenacoccus manihoti in 
artificial diets. Entomol Exp Appl 26(1):81–86.

Calatayud P-A; Le Rü B. 1995. Potential biochemical 
mechanisms used by Congolese cassava to resist 
mealybug. In: Proc Second International Scientific 
Meeting of the Cassava Biotechnology Network, held 
in Bogor, Indonesia, Aug 1994, vol 2. Working 
Document No. 150. Centro Internacional de 
Agricultura Tropical (CIAT), Cali, Colombia.  
p 485–500.

Calatayud P-A; Le Rü B. 2006. Cassava-mealybug 
interactions. IRD Éditions, Montpellier, France. 110 p.

Calatayud P-A; Múnera DF. 2000. Las defensas naturales 
en la yuca a las plagas artrópodas. In: Proc XXVIII 
Congress of SOCOLEN, held in Medellín, July 2000. 
Sociedad Colombiana de Entomología (SOCOLEN), 
Bogotá, DC, Colombia. p 265–271.

Calatayud P-A; Rahbé Y; Tjallingii WF; Tertuliano M; Le Rü 
B. 1994a. Electrically recorded feeding behaviour of 
cassava mealybug on host and non-host plants. 
Entomol Exp Appl 72(3):219–232.

Calatayud P-A; Rahbé Y; Delobel B; Khuong-Huu F; 
Tertuliano M; Le Rü B. 1994b. Influence of secondary 
compounds in the phloem sap of cassava on 
expression of antibiosis towards the mealybug, 
Phenacoccus manihoti. Entomol Exp Appl 72(1):
47–57.

Calatayud P-A; Tertuliano M; Le Rü B. 1994c. Seasonal 
changes in secondary compounds in the phloem sap 
of cassava in relation to plant genotype and 
infestation by Phenacoccus manihoti (Homoptera: 
Pseudococcidae). Bull Entomol Res 84:453–459.

Calatayud P-A; Rouland C; Le Rü B. 1995. Influence of 
linamarin in cassava-mealybug interactions. Acta Bot 
Gall 144(4):427–432. 

Calatayud P-A; Boher B; Nicole M; Geiger JP. 1996. 
Interactions between cassava mealybug and cassava: 
cytochemical aspects of plant cell wall modifications. 
Entomol Exp Appl 80:242–245.

Carabalí A; Bellotti AC; Montoya-Lerma J; Fregene M. 
2010. Manihot flabellifolia Pohl, wild source of 
resistance to the whitefly Aleurotrachelus socialis 
Bondar (Hemiptera: Aleyrodidae). Crop Prot 29(1): 
34–38.

Castaño O; Bellotti AC; Vargas O. 1985. Efecto del HCN y 
de cultivos intercalados sobre daño causado por la 
chinche de la viruela Cyrtomenus bergi Froeschner al 
cultivo de la yuca. Rev Colomb Entomol 11(2):24–26.

Conn EE. 1980. Cyanogenic compounds. Annu Rev Plant 
Physiol 31:433–451.

Cortés ML; Sánchez T; Riis L; Bellotti AC; Calatayud P-A. 
2003. A bioassay to test HCN toxicity to the 
burrowing bug, Cyrtomenus bergi. Entomol Exp Appl 
109:235–239.

Fraenkel G. 1969. Evaluation of our thoughts on 
secondary plant substances. Entomol Exp Appl 
12:473–486.

Harborne JB; Williams CA. 1975. Flavone and flavonol 
glycosides. In: Harborne JB; Mabry TL; Mabry H, eds. 
The flavonoids. Academic Press, New York.  
p 377–441.



299

Cassava’s Natural Defense against Arthropod Pests

Hruska AJ. 1988. Cyanogenic glucosides as reference 
compounds: a review of the evidence. J Chem Ecol 
14:2213–2217.

Pancoro A; Hughes MA. 1992. In situ localization of 
cyanogenic ß-glucosidase (linamarase) gene 
expression in leaves of cassava (Manihot esculenta 
Crantz) using non-isotopic riboprobes. Plant J 2(5): 
821–827.

Riis L. 1997. Behaviour and population growth of the 
burrower bug, Cyrtomenus bergi Froeschner: effects 
of host plants and abiotic factors. Dissertation. 
Department of Ecology and Molecular Biology, Royal 
Veterinary and Agricultural University, Copenhagen, 
Denmark. 167 p.

Robinson T. 1974. Metabolism and function of alkaloids in 
plants. Science 184:430–435.

Schoonhoven A van 1974. Resistance to thrips damage in 
cassava. J Econ Entomol 67(6):728–730.

Whittaker RH. 1970. The biochemical ecology of higher 
plants. In: Sondheimer E; Simeone JB, eds. Chemical 
ecology. Academic Press, New York. p 43–70.


