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Abstract 
Proper management of these pests serves to avoid crop losses and provide more economic back up for the 
farmers.  Mealy bug, Rhizoecus amorphophalli is a noxious pest infesting the tubers of tropical tuber crop 
elephant foot yam, Amorphophallus paeoniifolius. Present investigation was carried out to standardize the 
effect of different bio fumigants isolated from leaves of four major tuber crops against the mealy bug. 
Study revealed that bio fumigant from cassava leaf was proved to be effective and can be recommended 
for the successful management of this mealy bug. Fumigation chamber that can store the tubers for a long 
period without mealy bug infestation was designed accordingly. 
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1. Introduction 
Indian agriculture is the backbone of our economy and India’s crop yield potential suffers loss at 
a rate of 30 million tons/year [1]. Perhaps, the vital reason behind this was the crop or yield loss 
incurred by various insect pests. Poor sanitation and use of inappropriate storage facilities 
encourage pest attack even on stored products. Accordingly, there is an urgent need to assess such 
losses and frame strategies to overcome these noxious insect pests for a better outcome.  
Amorphophallus paeoniifolius, commonly known as elephant foot yam (EFY), white spot giant 
arum, stink lily is a herbaceous, perennial, C3 crop [2] of Southeast Asian origin and owing to the 
indisputable palatability, cooking quality, medical utility and therapeutic values of its tubers, this 
has been dubbed as “King of tubers” [3]. Corm or tuber is the storage organ and is used as seed 
material or as a vegetable [4, 5]; the pseudo stem, leaf and flower are also edible in certain localities 
[6]. Cultivation of EFY is very much prevalent in Philippines, Malaysia, Indonesia, China, Sri 
Lanka and many other Southeast Asian countries [7]. Production potential of EFY varies from 50-
80 t/ha in accordance with the improved cultural practices and quality planting materials and the 
crop ensures high return to a tune of Rs. 140,000-175,000/ha [8, 9].  
Storing tubers of EFY for a longer period attracts several pests and that culminates deterioration 
of their quality. Even though several pests were recorded from stored tubers of EFY [10, 11], the 
mealy bug, Rhizoecus amorphophalli Betrem (Hemipetera:Pseudococcidae) has emerged as a 
noxious pest infesting on stored tubers of EFY as well as other yams and aroids [12, 13]. 
R. amorphophalli is a polyphagous and very serious sucking pest on the root and tuber of plants 
belonging to the families Araceae, Asparagaceae, Aspleniaceae, Dioscoreaceae and 
Zingiberaceae. This mealy bug sucks cell sap from the tubers, and the severely infested deformed 
tubers neither find any place in market, nor are accepted for cooking [14]. Mealy bug 
multiplication is rapid during the season with high temperature and less humidity and they spread 
all over the tubers with white powdery mealy substance and disfigure the tubers. Tuber crops are 
the main host of the pest, and its infestation is a major concern among the tuber crop farmers.  
Management of R. amorphophalli using synthetic insecticides has been studied [15, 16].  But, 
insecticidal treatment often attracts fungal attack due to the presence of moisture in the minute 
cracks or crevices on the tubers.  Moreover, realizing the adverse effect of synthetic pesticides, 
there is a global awareness to employ alternate strategies, particularly with bio pesticides for the 
management of pest complexes in agro ecosystem.  
The present study aims to check the efficacy of bio fumigants extracted from the leaves of four  
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major tuber crops including cassava, sweet potato, elephant foot 
yam and yam against the mealy bug, R. amorphophalli.  
 
2. Materials and methods 
2.1 Maintenance of stock culture  
The nucleus culture of R. amorphophalli was obtained from the 
pure culture maintained on the tubers of elephant foot yam at 
the Bio pesticide laboratory of Central Tuber Crops Research 
Institute (CTCRI), Thiruvananthapuram and also from the 
mealy bug infested tubers of EFY collected from the field of 
CTCRI at harvest. Mealy bugs from the infested tubers were 
brushed onto the uninfested tubers of EFY, taro and tannia 
using a camel hair brush, and the tubers were kept in wooden 
cages (60 × 60 × 60 cm) with a front door covered with muslin 
cloth and other three sides covered with wire mesh (1.18 mm). 
During rainy to winter season, the ambient temperature inside 
the cage was maintained with a 60 W incandescent light. 
Decayed and damaged tubers were replaced with fresh tubers 
and the culture was replenished.  
 
2.2 Preparation of bio fumigant from cassava leaf 
Extracts of leaves of test plants (Manihot esculenta -Cassava, 
Ipomoea batatas - sweet potato, A. paeoniifolius - elephant foot 
yam and Dioscorea alata - yam) were collected by steam 
distillation method. Fresh leaves (250 g) were taken in a 
pressure cooker of capacity 2 L containing 1 litre of water. It 
was closed and boiled, and the vapours released through its 
outlet were passed through a rubber tuber (dia. 0.5 cm) that was 
connected to a Leibigs condenser which was constantly cooled 
by passing cold water through the condenser chamber. The bio 
pesticidal components were allowed to pass through two filters 
containing silica gel for dehydrating the fumigant and it was 
collected into fumigation chamber. 
 
2.3 Efficacy of bio fumigant from cassava leaf against 
Rhizoecus amorphophalli 
The bio fumes emanated from the portable cylinders were 

released in to fumigation chamber of capacity 5, 10 and 20 L, 
where the mealy bug infested tubers of EFY were kept. The 
percentage mortality was calculated as follows: 
 
Percentage mortality = A-B/A × 100; where A = pre-treatment 
population and B= post treatment population 
 
2.4 Statistical analysis 
Statistical analysis was done by analysis of variance (ANOVA) 
in a random block design and pair-wise comparison was carried 
out by Duncan’s multiple range test (DMRT, p≤0.05) using 
SPSS 17.0. 
 
3. Results and Discussion 
3.1 Efficacy of bio fumigants against Rhizoecus 
amorphophalli 
Mealy bug infested tubers (Weight – 500 g) were kept in a 1, 5 
and 10 litre container and were exposed to different bio 
fumigants. After 1 hour of fumigation when the containers 
(capacity 1 L) were opened, the mortality was 49.6% for 
cassava leaf bio fumigant and no mortality was recorded in 
other treatments (Table 1). Similarly, except for cassava leaf bio 
fumigant all other treatments produced no mortality when 
containers were opened after 6 HAT.  All insects in 1 L 
container were killed in 6 HAT on exposure to cassava leaf bio 
fumigant. Even after one day after treatment leaf yam, elephant 
foot yam and sweet potato leaf bio fumigant produced no effect. 
The same was observed in case of treatments in containers with 
capacity 5 and 10 L. Cassava leaf bio fumigant produced cent 
percentage mortality of mealy bugs in 6 HAT whereas all other 
treatments was a complete failure. 
From this experiment it was proved that among the four bio 
fumigants tested; only cassava leaf bio fumigant was found to 
be effective. Therefore, the subsequent studies were 
concentrated on the bio fumigant isolated from cassava leaf. 
 

 
 

Table 1: Efficacy of bio fumigant from different sources against Rhizoecus amorphophalli 
 

Fumigants 
Mortality (%) 

1 L 5 L 10 L 
1HAT 6HAT 24HAT 1HAT 6HAT 24HAT 1HAT 6HAT 24HAT 

CLF 49.6±1.7b 100.0±0.0c 100.0±0.0c 19.5±3.1b 100.0±0.0c 100.0±0.0c 10.5±2.2b 100.0±0.0c 100.0±0.0c 
YLF 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 

EFYLF 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 
SPLF 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 

Control 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a 
 

CLF – Cassava leaf fumigant; YLF – Yam leaf fumigant; EFYLF – Elephant foot yam leaf fumigant; SPLF – Sweet potato leaf fumigant; HAT – 
Hours after treatment; Means with the same letter are not statistically significant by Duncan’s multiple range test (p≤0.05)

 
3.2 Efficacy of bio fumigants isolated from cassava leaf 
against 1st instar and adult females of Rhizoecus 
amorphophalli 
The 1st instars of mealy bugs separated from the EFY were kept 
in a 10 litre container and exposed to the bio fumigant. After 5 

minutes of fumigation when the container was opened, the 
mortality was 25% and 75% in batches to which gas was passed 
for 1 and 3 minutes respectively (Table 2). But for batches 
exposed to the 5 mins when opened after 5 minutes, no adult 
was found alive. 
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Table 2: Efficacy of bio fumigant from cassava leaf on 1st instars of Rhizoecus amorphophalli
 

Time gas passed (min.) 
Mortality (%) 

5 MAT 10 MAT 20 MAT 30 MAT 24 HAT 
1 25.3±2.5a 52.7±3.4b 100.0±0.0d 100.0±0.0d 100.0±0.0d 
3 75.5±3.5c 100.0±0.0d 100.0±0.0d 100.0±0.0d 100.0±0.0d 
5 100.0±0.0d 100.0±0.0d 100.0±0.0d 100.0±0.0d 100.0±0.0d 

10 100.0±0.0d 100.0±0.0d 100.0±0.0d 100.0±0.0d 100.0±0.0d 
 

MAT – Minutes after treatment; HAT – Hours after treatment; Means with the same letter are not statistically significant by Duncan’s multiple range 
test (p≤0.05)

 
Similarly, when adult mealy bugs were exposed to cassava leaf 
bio fumigant mortality was cent percentage in batches to which 
gas was passed for 5 mins at 5 MAT itself.  As the time of 

fumigation and exposure time increased, a proportionate 
increase in the mortality of mealy bug was observed.   
 

 
Table 3: Efficacy of bio fumigant from cassava leaf on adult females of Rhizoecus amorphophalli

 

Time gas passed (min.) 
Mortality (%) 

5 MAT 10 MAT 20 MAT 30 MAT 24 HAT 
1 13.5±2.5a 20.2±4.4b 100.0±0.0d 100.0±0.0d 100.0±0.0d 
3 70.2±2.4c 100.0±0.0d 100.0±0.0d 100.0±0.0d 100.0±0.0d 
5 100.0±0.0d 100.0±0.0d 100.0±0.0d 100.0±0.0d 100.0±0.0d 

10 100.0±0.0d 100.0±0.0d 100.0±0.0d 100.0±0.0d 100.0±0.0d 
 

MAT – Minutes after treatment; HAT – Hours after treatment; Means with the same letter are not statistically significant by Duncan’s multiple range 
test (p≤0.05)

 
From the above experiments it can be confirmed that cassava 
leaf bio fumigant produced significant effect over instars and 
adults of the mealy bugs. For 10 L container, when gas was 
passed for 1 min, 20 mins of exposure was required to kill all 
the mealy bugs. Otherwise, if gas was passed for 3 mins, cent 
percentage mortality was obtained on 10 minutes of exposure. 
Similar effect can be produced with least exposure time (5 
mins) in treatment with gas passed for 5 mins. 
Further treatments were conducted with mealy bugs including 

their hosts – tubers of elephant foot yam. When mealy bugs 
along with their scooped host (EFY) were fumigated in a 10 L 
fumigation chamber, mortality increased at longer exposure 
(Table 4). Cent percentage mortality was observed even with 
one minute fumigation; however immediate knock down effect 
was noticed by passing the bio fumigant continuously for 5 
minutes. In these treatments also, mortality increased according 
to the time of fumigation and exposure time. 

 
Table 4: Effect of bio fumigant from cassava leaf on scooped pieces of elephant foot yam infested by mealy bugs 

 

Time gas passed (min.) 
Mortality (%) 

5 MAT 10 MAT 20 MAT 30 MAT 24 HAT 
1 3.4±0.5a 18.7±2.1b 89.3±5.2d 100.0±0.0e 100.0±0.0e 
3 19.5±3.1b 49.6±1.7c 90.0±0.0d 100.0±0.0e 100.0±0.0e 
5 100.0±0.0e 100.0±0.0e 100.0±0.0e 100.0±0.0e 100.0±0.0e 
10 100.0±0.0e 100.0±0.0e 100.0±0.0 100.0±0.0e 100.0±0.0e 

 
MAT – Minutes after treatment; HAT – Hours after treatment; Means with the same letter are not statistically significant by Duncan’s multiple range 

test (p≤0.05)
 
In place of small pieces of tubers of EFY, whole tubers of 
approximately 1 -2 Kg were fumigated with cassava bio 
fumigant in fumigation chamber of capacity varying from 5-20 
L (Table 5). The tubers of 1 kg when exposed to bio fumigant 
for 15 minutes, 100% mortality was recorded  up to 10 L 
capacity, but for 20 L capacity, 20 minute exposure of the bio 
fumigant was needed to achieve complete mortality. 
Infested tubers weighing 2 kg when fumigated, irrespective of 
volume of the containers, resulted in the complete mortality of 
the mealy bug at 30 MAT (Table 5). 
Tubers after treatment with insecticide should be shade dried, or 
else fungus will be attracted and cause tuber rot. In order to 
avoid this drudgery, fumigation can be opted. Present study 

revealed that the cassava leaf derived bio fumigant is highly 
effective in controlling R. amorphophalli on tubers.  
Reports are plenty on the use of chemical fumigants to suppress 
the mealy bug infestation. Long tailed mealy bug, Pseudococcus 
longispinus in kiwi fruit was successfully controlled using low 
temperature phosphine fumigation (3000 ppm) for 18 h [17]. 
Hibiscus mealy bug, M. hirsutus were effectively suppressed by 
fumigation with methyl bromide, but this treatment caused 
primary injury to table grapes including internal browning [18]. 
Two mealy bug species Planococcus citri and Dysimicoccus 
brevipes were controlled by fumigation using a mixture of ethyl 
formate and carbon dioxide [19]. 
Since chemical fumigants residue on the food products causes 
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quality damage, bio-fumigant derived from plants was strongly 
recommended. Applications of different plant products for the 
management of mealy bugs were successfully tested [20, 21]. But, 
reports on the management of mealy bugs using fumigant 

isolated from plants are scanty. The plants showing fumigant 
toxicity like Lantana camara, Catharanthus roseus were well 
established in control of mealy bugs [22].  
 

 
 

Table 5: Efficacy of bio fumigant from cassava leaf on mealy bug infested tubers 
 

Vol. of fumigation chamber (L) Mortality (%) 
15 MAT 30 MAT 45 MAT 60 MAT 24 HAT 

Weight of tuber- 1 kg 
5 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 
10 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 
20 90.2±3.8 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 

Weight of tuber- 2 kg 
5 93.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 
10 84.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 
20 79.5±2.3 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 

 
MAT – Minutes after treatment; HAT – Hours after treatment

 
 
Present study revealed that bio fumigant from cassava is highly 
effective in control of R. amorphophalli on tubers. All other bio 
fumigants were proved to be ineffective against the mealy bug. 
Cassava has already proven to be fulfilled by insecticidal 
properties [23, 24], but literature keeps silence on their utility in 
the management of sucking pests. Besides being a food crop, 
tubers of cassava have diversified use in industrial arena as a 
raw material for the production of starch, alcohol etc. 
Nevertheless, leaf and tuber rind, which are estimated to be 5-7 
tons on each harvest, are not fully utilized as these are the 
reservoir of high concentration of cyanoglucosides. Many 
varieties of cassava produce seeds profusely. Cassava seeds are 
not used for any commercial purposes, but reports point the  
 

management of noxious insect pests of stored products with the 
bio pesticides prepared from cassava seeds [25]. Cassava leaf and 
tuber rind are very effective in the management of nematodes in 
okra [26].   
Normally tubers of elephant foot yam after harvest were stored 
in storage racks as shown in Fig 1. However, for the storage of 
surplus tubers for a long period without mealy bug infestation, 
fumigation chamber of adequate volume is required. Research 
has been initiated to design a fumigation chamber to scale up 
disinfestation of mealy bugs by fumigation using cassava leaf 
bio pesticide and few models of such chambers were set up 
(Fig. 2) which have proved to be effective in storing the tubers 
for a long period without mealy bug infestation. 
 

 
 

 
 

Fig 1: Harvested elephant foot yam tubers stored in storage racks
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A - Front portion of the chamber            B - Back portion through which gas is passed 
 

Fig 2: Fumigation chamber designed for storing tubers for longer period
 

 
 

4. Conclusion 
Present study was carried out to screen the efficacy of four bio 
fumigants against the mealy bug, R. amorphophalli. Cassava leaf 
bio fumigant which was proven to be most effective against the 
mealy bug can be recommended for the eco-friendly management 
of this mealy bug. Moreover, adopting the fumigation method for 
the control of R. amorphophalli avoids drudgery faced during the 
spraying treatments. 
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