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ABSTRACT 
A field experiment was conducted to determine the efficacy of two biorational insecticides against the potato tuber worm (PTW), 
Phthorimaea operculella. Nimbecidine® was more effective than Bio-power®. However, Nimbecidine® treatments after 3 applications 
reduced the larval mine of PTW by 79.6 and 43.8% when applied at 5.0 and 2.5 ml/l, respectively while Bio-power® treatments reduced 
the larval mine of PTW by 56.7 and 30.85%, respectively after the same applications. Also, plots treated with Nimbecidine® showed 
increased potato (Solanum tuberosum var. ‘Filea’) tuber yield (11.53 and 9.8 kg/10 plants) more than those treated with Bio-power® (9.65 
and 8.98 kg/10 plants) and compared with 7.128 kg potato tubers/10 plants in untreated plots. These results indicate that triple application 
with neem formulation could effectively reduce the P. operculella population. This study also shows that Nimbecidine® and Bio-power® 
could be incorporated into an integrated pest management program of potato tuber moth. 
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INTRODUCTION 
 
The potato tuber moth (PTM), Phthorimaea operculella 
(Zeller), is considered one of the most economically dam-
aging pests of potato (Solanum tuberosum L.) crops in 
regions with warm temperate to tropical climates (Radcliff 
1982). Larvae mine into leaves, stems and tubers, and the 
latter damage results in rejection of tubers by growers and 
potato processors. Further, the level of P. operculella infes-
tation in the foliage can influence infestation levels in 
tubers (Lagnaoui et al. 1996; Coll et al. 2000; Davidson et 
al. 2006). Integration of management strategies (spray in-
secticides, cultural methods, biological control) can help to 
manage this pest in the field and storage (Hanafi 1999). 
However, the development of resistant potato cultivars 
could increase the efficacy of cultural and biological 
methods and reduce the use of insecticides (Arnone et al. 
1998). Populations of P. operculella larvae peak between 
February and April and are particularly prevalent in hot, dry 
summers (Foot 1979). They infest potato foliage before 
tubers are colonized. Soil moisture and tuber depth affect 
the ability of larvae to infest tubers (Foot 1979). Manage-
ment methods emphasise the use of cultural practices such 
as moulding, seed depth, timing of planting and irrigation 
(Hanafi 1999) to reduce tuber exposure to or increase mor-
tality of P. operculella. However, the P. operculella popu-
lation can still reach levels where it is necessary to apply 
insecticides (Hanafi 1999). Potato cultivars resistant to P. 
operculella could eliminate the need for, or at least reduce 
the number of, insecticide applications to manage this pest. 
However, attempts to develop such cultivars using tradi-
tional breeding methods have not been successful (Arnone 
et al. 1998). Contamination of the environment by pesti-
cides is increasing due to their use for attempted eradication 
of various pests and protection of agricultural crops (Matsu-
mura 1975; Tanabe et al. 1983). In addition, commercial 
chemical insecticides are toxic to beneficial insects like 
parasitoids and predators (Abudulai et al. 2001; Keasar and 

Sadeh 2007). As a consequence of the concern about the 
environmental persistence of synthetic pesticides and their 
potential toxicity to humans (Linka et al. 2005), beneficial 
insects (Youn et al. 2003) and domestic animals (Covaci et 
al. 2004), there is renewed interest in using natural products 
to control pests (Weinzierl and Henn 1991). Among these 
natural insecticides, the botanical azadirachtin, a mixture of 
several structurally related tetra-nortriterpenoids isolated 
from the seeds of the neem tree (Azadirachta indica A. 
Juss; Meliaceae), has attracted the greatest attention (Sch-
mutterer 1990; Hu et al. 1996; Immaraju 1998) and has 
been reviewed extensively (Mordue and Blackwell 1993; 
Mordue et al. 1998; Rong et al. 2000). Also, there is a 
search for an alternative ecofriendly strategy for the manage-
ment of noxious insect pests to reduce harmful effects of 
chemical insecticides on humanity. In recent years, crop 
protection based on biological control of crop pests with 
microbial pathogens like viruses, bacteria, fungi and nema-
todes has been recognized as a valuable tool in pest 
management (Bhattacharya et al. 2003). The appropriate 
use of environment-friendly microbial pesticides can play a 
significant role in sustainable crop production by providing 
a stable pest management program. Among the fungi, seve-
ral asexual fungi are associated with arthropods, especially 
with insects. It appears that 750 fungal species (Carruthers 
and Soper 1987) are pathogenic to insects but only a dozen 
or so have been exploited for insect control. Beauveria is an 
important genus used for the management of insects. The 
white muscardine entomopathogenic fungus, Beauveria 
bassiana (Balsamo) Vuillemin has been recorded to infect 
>500 host species belonging to orders Lepidoptera, Hemip-
tera, Homoptera, Orthoptera and Diptera (Moore and Prior 
1996). The aim of the current study was to evaluate a new 
potato variety that may demonstrate moderate pest resis-
tance. Two commercial biorational insecticides, i.e., Nim-
becidine® and Bio-power® were investigated against P. 
operculella larvae and potato tuber yield was finally as-
sessed. 
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MATERIALS AND METHODS 
 
Field trial and design 
 
The soil was ploughed and the recommend fertilizers were added 
in September. The fertilizers recommended for potatoes by the 
Egyptian Ministry of Agriculture per 4200 m2 are 40 m2 analytic 
manure fertilizers + 100 Kg sulfur during the preparation of the 
soil before planting, then 75 Kg phosphorus (P) (as super calcium 
phosphate (15.5%) after planting. 180 Kg nitrogen is divided as 
follows: at planting 60 Kg ammonium sulfate; during tuber growth 
(full growth) 60 Kg ammonium sulfate 40-50 days from planting. 
Then 100 Kg K is added as ammonium nitrate after 5 days. After 
70 days, 60 Kg of nitrogen sulfate is added. 

Pre-germinated Solanum tuberosum var. ‘Filea’ tubers, a Ger-
many variety new to Egypt, were cultivated. The germinated 
tubers were planted in a virgin reclaimed area (Wadi El-Natron, 
El-Behera Governorate, Egypt) at a depth of 10 cm from the sur-
face of the soil on the 14th December 2006. There were 5 replicate 
plots for each treatment (Nimbecidine® or Bio-power®), and each 
plot contained 100 plants (treatments). One more plot served as 
the control (no insecticide treatments and sprayed exclusively with 
water). There were 5 rows (0.75 m apart) per plot, each row 
planted with 20 plants spaced 0.15 m apart within a row. The total 
area was 4200 m2; the area of each treated plot was 380 m2 while 
the area of the untreated plot was 400 m2. The irrigation system 
was in the form of droplets (3 holes/plant; flow rate = 1 Drop /sec-
ond), the pH of the water was 8.2 and the fertilizer system was 
organic (30 days before planting compost (decomposition of a 
waste agriculture plant incorporated into the soil). The mean daily 
maximum and minimum temperatures of the area were about 17.5 
and 9.0°C, respectively. The mean daily maximum and minimum 
relative humidity of the area were about 65.4 and 55.0%, respec-
tively. 
 
Formulations used 
 
Two commercial formulations were used: 1) Nimbecidine® is 
neem-based botanical insecticide containing 0.03% azadirachtin 
and other limonoids like meliantriol, salanin, nimbin and most 
other terpenoids in ratios that occur in natural neem (T. Stanes & 
Co., India; http://www.tstanes.com/pest_management.html). 2) 
Bio-Power® is a talc-based, liquid product and biological insecti-
cide that contains 1 × 108 Beauveria bassiana spores (i.e. CFU/g) 
and mycelial fragments; T. Stanes & Co., India; http://www.tstanes. 
com/bio_power.html). The concentrations at which these com-
pounds were applied were 5.0 and 2.5 ml/l in water, as recom-
mended by the manufacturer for the former and through self-tested 
trials for the latter. 
 
Field experiment 
 
On the 10th February 2007, the foliage of plants was examined for 
larval mines of P. operculella. Ten plants from each row within 
each plot were randomly examined (50 plants) and the number of 
larval mines was recorded weekly (either with larvae or free of 
larvae). The control program began on the 25th February 2007. In 
this program, whole plants were sprayed with 25 ml of the bio-
pesticides a total of three times at 10-day intervals. The sprayer 
equipment was an ECHO backpack applicator with a 13-l capacity. 
The plants were examined after 5 and 10 days from spraying to 
record the mean number of larval mines per 10 plants/treatment. 
The percentage reduction in the number of larval mines was cal-
culated by the Henderson and Tilton equation (1955): 
 
 
 
 
where Ta = mean number of living larvae mines (busy and empty 
mines) after treatment; Tb = mean number of living larvae mines 
(busy and empty mines) before treatment; Cb = mean number of 
living larvae mines (busy and empty mines) before treatment with 
water alone (control); Ca = mean number of living larvae mines 
(busy and empty mines) after treatment by water alone (control). 
 

Harvest 
 
Potato tubers were harvested on the 17–20th May, 2007. Ten plants 
were selected randomly from each replicate for each treatment and 
control. The potato tubers/plant from each row within a plot were 
examined, weighed and scored for the presence or absence of 
larval mines. The number of infested and uninfested tubers were 
recorded and weighed for each treatment and for the control. 
 
Statistical analysis 
 
The data were statistically analyzed using one-way analysis of 
variance (ANOVA) (P � 0.05) and comparisons were made based 
on Duncan’s multiple range test using Microstat v. 2.5, 1991). 
 
RESULTS AND DISCUSSION 
 
Field experiment 
 
The mean number of larval mines/10 plants was 31.4 before 
spraying (Table 1). A high dose of application (5 ml/l) was 
more potent than 2.5 ml/l for both commercial compounds. 
Also, Nimbecidine® at 5 ml/l was more effective than other 
treatments and the control. The efficiency of Nimbecidine® 
lasted until 5 days after the first spray (74.5% reduction) 
then decreased to 71.8% by the 10th day. Furthermore, the 
2nd application of Nimbecidine® showed an increase in its 
efficiency by reducing larval mines on the 5th day by 80.3%, 
this value decreasing to 72.3% by the 10th day. The third 
application was very important: Nimbecidine® reducing lar-
val mines by 94.1% on the 5th day, but reducing it to 84.3% 
by the 10th day. In general, the application of Nimbecidine® 
significantly reduced the percentage of larval mines com-
pared with the untreated control. Nimbecidine® reduced lar-
val mines by 84.3 and 46.7%, respectively when applied at 
5 and 2.5 ml/l over the three applications. Other authors 
(Schmutterer 1990; Isman 1999; Walter 1999) also found 
that neem (A. indica)-based insecticides containing azadi-
rachtin could control >400 species of insects, including 
important pests such as armyworms, leafminers, aphids, and 
whiteflies. In addition to controlling pests, some neem-
based insecticides have negligible effects on beneficial in-
sects, and low environmental impacts (Schmutterer 1995; 
Haseeb et al. 2004). Charleston et al. (2006) noted a re-
duced amount of damage caused by free-living larval mines 
in plots treated with Neemix® (4.5% azadirachtin) at a dose 
of 10.7 μl/100 ml water, suggesting that even during peri-
ods of high infestation, the reduced feeding by the dia-
mondback moth, Plutella xylostella, larvae on plants treated 
with Neemix® is a more important factor than the actual 
population density in reducing the damage and improving 
the yield of cabbage seedlings, Brassica oleraceae var. 
capitata L. An antifeedant effect on P. xylostella larvae was 
observed on Agroneem-, Ecozin-, and Neemix®-treated cab-
bage leaves; larvae fed on these neem-based insecticide-
treated leaves were smaller than those fed on non-treated 
controls (Liang et al. 2003). The present findings agree with 
those of Walter (1999) who reported that in field plots 
Neemix® treatment of broccoli, B. oleracea var. botrytis, 
had no effect on populations of beet armyworm larvae, but 
feeding damage was reduced to levels obtained with syn-
thetic insecticides. Direct contact with the neem-based in-
secticides decreased egg survival, and larvae that fed on 
neem-based, insecticide-treated leaves had lower survival 
than the control after 1 week of exposure. Similarly, Agro-
neem, Ecozin and Neemix® had lethal effects on the dia-
mondback moth larvae (Liang et al. 2003) and neem oil 
reduced egg hatching and survival larvae of H. armigera 
(Martin et al. 2000). 

Azadirachtin is known to block molting in some insects 
(Mordue and Blackwell 1993). The neem-based insecticides 
assessed in our study show some short-term potential as a 
means of PTM control in potato. However, neem-based in-
secticides often lose effectiveness in outdoor conditions 
within days, as also shown by others (Koul et al. 1990; 
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Schmutterer 1990; Greenberg et al. 2005; Dimetry et al. 
2010). Dimetry et al. (2010) found that Neem Azal T/S and 
Neem Azal T/S +  TS/fort could efficiently control Aphis 
craccivora infesting broad bean (Vicia fabae) under field 
conditions. As for leafminers, the number of living Lirio-
myza trifolii larvae decreased significantly compared to 
non-treated control. The number of living larvae continued 
to decrease until seven days post-treatment after which an 
increase in their number was noticed after 14 days post-
treatment. Here, the effectiveness was lost after 7 days. 
Neem Azal T/S   additive (TS/fort) ranked first in compari-
son to other treatments for the control of aphids and leaf-
miners attacking broad bean in the field either by a killing, 
deterrent or antifeedant effect. The residual effect of neem 
formulations continued for at least 7 days. Unless neem-
based insecticides are sufficiently cost effective, they are 
unlikely to receive widespread commercial use in certain 
crops like cotton where repetitive applications are necessary 
because of heavy pest pressure (Abd El-Salam and El-
Hawary 2009). 

Neem-based insecticides might be acceptably cost ef-
fective where the need for applications is limited, or if it 
can be combined with an agent that slows its degradation in 
field conditions. The oil of A. indica seeds was sprayed on 
the eggs of PTM at 1.3, 5 and 10%. Egg hatching was 
strongly inhibited at 5 and 10% (Shelke et al. 1987). Rama 
(1989) observed that in India A. indica oil showed both ovi-
cidal and larvicidal actions against PTM. Sharma et al. 
(1983) reported in India that ‘Neemrich’ 1 (neem extracts 
enriched in particulate principles or properties) has high and 
persistent oviposition deterrence activity against adults, and 

short-term but high antifeedant activity against 1st-instar 
larvae of PTM. In a storage trial, protection against PTM 
was achieved for over 4 months, or longer than the usual 3-
4 months period of rural storage of potatoes in various parts 
of India. According to Panciotto-Hediger (1985) the dried 
neem leaves reduced PTM infestation in stored tubers. 

Shelke et al. (1985) tested in the laboratory the effect of 
A. indica oil (at 0.01, 0.03, 0.05 and 0.1%) against PTM 
adults in India. This oil provided 83.79 average percentage 
of oviposition deterrence action against PTM. 

On the other hand, the efficiency of the entomopatho-
genic fungi B. bassiana (Bio-power®) was less potent than 
the botanical insecticide (Nimbecidine®). The reduction in 
infestation started with 32.8% at a rate of 5 ml/1 after 5 
days from application then increased to 72.4% on the 10th 
day. After the second application and on the 5th day from 
application, the formulation could reduce the number of 
larval mines by 31.3% increasing to 61.1% on the 10th day. 
Bio-power®, when applied at 5 ml/l, reduced the number of 
larval mines by 77.2% after the third application on the 10th 
day from application. There were significant differences be-
tween all the treated plots with Bio-power® and untreated 
plots. Nimbecidine® at 5 ml/l was best: it reduced the num-
ber of larval mines by 79.6% compared to Bio-power® 
which caused a 56.7% reduction after three applications. 

Several insect pathogenic fungi have the potential to be 
used in the biological control of PTM. Among these, B. 
bassiana is the most promising, being an important natural 
enemy of the prepupal, pupal and adult stages of the beetle 
in the soil (Bajan and Kmitowa 1977; Humber 1996). Al-
though natural infections are primarily associated with these 

Table 1 Effect of two biorational compounds against the potato tuber moth (larvae). Identical values! CHECK DATA!!! 
Mean � of larval mines ±SE/10 plants at indicated days 

1st spray 
After (days) 

Formulations Rate of application 
ml/l 

Before spray 
5 % Reduction 10 % Reduction 

5.0 31.4 ± 1.7 8.6 ± 1.63 d 74.5 10.0 ± 2.20 c 71.8 Nimbecidine® 
2.5 31.4 ± 1.7 21.0 ± 3.10 c 37.6 23.4 ± 1.40 b 33.9 
5.0 31.4 ± 1.7 22.6 ± 1.50 bc 32.8 9.8 ± 1.15 c 72.4 Bio-Power® 
2.5 31.4 ± 1.7 29.2 ± 2.80 ab 13.2 22.2 ± 0.70 b 37.3 

Control ---- 31.4 ± 1.7 33.6 ± 1.74 a ------- 35.4 ± 2.90 a ------- 
F  ------- 17.74* ------- 32.49* ------- 
L.S.D05 ------- ------- 6.66 ------- 5.53 ------- 

2nd spray 
After (days) 

  
Before spray 

5 % Reduction 10 % Reduction 
5.0 10.0 ± 2.21 c 2.2 ± 0.53 d 80.3 3.2 ± 0.80 c 72.3 Nimbecidine® 
2.5 23.4 ± 1.40 b 12.8 ± 1.90 c 50.9 17.0 ± 2.20 b 37.1 
5.0 9.8 ± 1.15 c 7.5 ± 1.10 cd 31.3 4.4 ± 0.81 c 61.1 Bio-Power® 
2.5 22.2 ± 0.70 b 19.2 ± 2.30 b 22.4 17.8 ± 2.60 b 30.5 

Control ---- 35.4 ± 2.95 a 39.4 ± 2.90 a ------- 40.8 ± 1.50 a ----- 
F  32.49* 52.48* ------- 74.9* ------- 
L.S.D05 ------- 5.53 5.86 ------- 5.15 ------- 

3rd spray 
After (days) 

  
Before spray 

5 % Reduction 10 % Reduction 
5.0 3.2 ± 0.80 c 0.2 ± 0.2 d 94.1 0.6 ± 0.40 c 84.3 Nimbecidine® 
2.5 17.0 ± 2.20 b 7.8 ± 1.5 bc 56.3 10.8 ± 2.80 b 46.7 
5.0 4.4 ± 0.81 c 1.6 ± 0.2 cd 65.4 1.2 ± 0.37 c 77.2 Bio-Power® 
2.5 17.8 ± 2.60 b 11.2 ± 2.3 b 40.1 12.4 ± 1.40 b 41.6 

Control ---- 40.8 ± 1.50 a 42.8 ± 4.2 a ---- 48.62.94 a ---- 
F  74.9* 59.58* ------- 102.24* ------- 
L.S.D05 ------- 5.15 6.65 ------- 5.74 ------- 
  Mean % reduction 

5.0 79.60 Nimbecidine® 
2.5 43.80 
5.0 56.70 Bio-Power® 
2.5 30.85 

Control ---- ---- 
F  ------- 
L.S.D05 ------- ------- 

Means in columns with the same letters are not significantly different (P � 0.05). 
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soil-dwelling stages, larvae feeding in the crop canopy are 
also susceptible to infection via inundative foliar spray ap-
plications. As typical with most fungal pathogens, infection 
and pathogenesis proceed relatively slowly compared to 
toxin-based control agents. Under optimal environmental 
conditions, infected larvae may succumb after infection 
within a few days, but under high-temperature or high-in-
solation conditions, fungal development is slowed, and the 
larvae may not succumb upon infection until they enter the 
soil to pupate. The four larval instars are equally susceptible 
to infection (Fargues 1972) although the speed of kill is in-
versely related to host age, and under field conditions most 
larvae infected after the 2nd instar survive until the prepupal 
stage. B. bassiana conidia are rapidly degraded by UV radi-
ation, and residual activity of foliar sprays is limited. Early-
instar larvae feeding on the lower surfaces of the leaves are 
difficult spray targets (Wraight and Ramos 2002) and larvae 
nearing moult have reduced susceptibility to fungal infec-
tion (Vey and Fargues 1977). Consequently, multiple ap-
plications are needed to provide foliage protection, even 
when environmental conditions are favourable for the fun-
gus. Hafez et al. (1997) stated that mortalities of P. opercu-
lella larvae exposed to a concentration of 16.5 × 108 of B. 
bassiana were susceptible to the pathogen. The calculated 
LC50 for B. bassiana was 4.7 × 108 conidia/ml. The duration 
of the treated pupae was significantly prolonged at concen-
trations ranging from 16.5 × 108 to 2.06 × 108 conidia/ml 
compared with the control, while at low concentrations 
(1.03 × 108 to 0.26 × 10 8 conidia/ml), there was no obvious 
effect compared to the control. The percentage of moths 
that emerged progressively decreased with an increase in 
the concentration of B. bassiana: from 100% in the control 
to 0% at 16.5 × 108 conidia/ml. An obvious malformation 
was observed among the emerged moths after treatment of 
the prepupae with any of the used concentrations. 

B. bassiana has been intensively investigated for micro-
bial control of PTM since the 1950s, with the principal 
effort aimed at developing foliar application technologies to 
protect crops from defoliation. Not surprisingly, considering 
the importance of environmental conditions in B. bassiana 
efficacy, results have been highly variable (Fargues et al. 
1980; Sikura and Sikura 1983; Anderson et al. 1988; Pop-
rawski et al. 1997; Lacey et al. 1999; Martin et al. 2000; 
Wraight and Ramos 2002). Both temperature and humidity 
affected the survival and germination of B. bassiana. B. 
bassiana exhibited a relatively high mycelial growth at 
30°C and 45% RH (Vu et al. 2007). Generally, under ope-
rational or pilot-scale conditions, applications of B. bas-
siana alone have failed to provide adequate early-season 
crop protection (Lipa 1985; Hajek et al. 1987). Soil inocu-
lation is a logical alternative to foliar sprays, especially 
considering the long persistence of B. bassiana conidia in 
this habitat and the natural occurrence of this pathogen in 
populations of the soil-dwelling stages of the beetle. How-
ever, results of soil applications have been as variable as 
those from foliar applications (Wojciechowska et al. 1977; 
Watt and LeBrun 1984; Cantwell et al. 1986; Gaugler et al. 
1989). Difficulties in delivering lethal concentrations of 
inoculate to insects that burrow many cm below the soil 
surface is an important factor. Some studies suggest that 
more consistent infection and mortality of prepupal and 
pupae might be achievable by direct spraying of late-instar 
or mature larvae before they enter the soil than by applying 
material to the soil and relying on secondary acquisition of 
conidia (Wraight et al. 2006). Biopesticides based on B. 
bassiana have been available for potato beetle control in 
Eastern Europe for 50 years, and similar products have been 
developed more recently in the US (Wraight et al. 2006). 
Despite the limited capacity of microbial control agents to 
compete directly with the synthetic chemical insecticides 
currently used for PTM control, interest in these agents per-
sists with the demand for sustainable food production sys-
tems. Intensive use of B. bassiana for PTM control carries 
the risk that the moth will develop resistance to the endo-
toxin (Whalon et al. 1993). B. bassiana has a broad host 

range and likely poses a greater risk for negative interac-
tions with intraguild biological control agents; however, 
Lacey et al. (1999) noted no significant effects on popula-
tions of non-target arthropods in B. bassiana-treated potato 
field plots. Because B. bassiana acts slowly against older 
larvae and adults of Colorado potato beetle, Leptinotarsa 
decemlineata, applications of the microbe for immediate 
foliar protection are targeted against young larvae (1st and 
2nd instars). Although B. bassiana acts too slowly against 
late-instar larvae to completely protect the plants from their 
feeding, infected larvae have been shown to consume less 
foliage than healthy larvae (Fargues et al. 1994). Also, the 
fungus is as infectious against late-instar larvae as against 
the early instars and it may be targeted against older larvae 
to reduce adult populations. Healthy adult Colorado potato 
beetles are much less susceptible to infection than larvae 
(Blonska 1957). Multiple foliar applications (usually 3 or 4) 
are required to achieve effective control with B. bassiana. 
Applications of B. bassiana are most effective when applied 
at 3–4 day intervals (Galaini 1984; Wraight and Ramos 
2002). As noted earlier, control with B. bassiana may be 
delayed under high temperature conditions, and expressed 
only as a reduction of the population of first-generation 
adults (providing little early season foliage protection). The 
necessary spray interval varies with rate and timing of 
Colorado potato beetle development; longer spray intervals 
may be more effective under cool weather (or cool climate) 
conditions, especially if spring emergence of adults occurs 
over an extended period. High PTM populations, rapid 
plant growth (which dilutes the pathogens in space), or 
heavy rainfall (which removes the pathogens from the target 
site) may necessitate additional applications. Intense insect 
pressure may also require integrated applications of a che-
mical insecticide or other control measures, especially to 
control adults feeding on seedlings. In small-scale field tests, 
researchers often report making applications of microbial 
control agents in late afternoon or evening with the as-
sumption that favourable environmental conditions (mode-
rate temperatures, high humidity, and absence of solar radi-
ation) will enhance efficacy. This may be advantageous, 
especially in subtropical climates where warm conditions 
during the night could support high rates of fungal deve-
lopment and larval activity. Larval activity (feeding) is 
largely determined by temperature (Chlodny 1975; Wraight 
and Ramos 2002) and such activity likely results in sec-
ondary acquisition of inoculum from the treated foliage. 
Laboratory investigations on two common fungal entomo-
pathogens, B. bassiana and Metarhizium anisopliae, have 
indicated potential for control of P. operculella larvae, espe-
cially early instars (Hafez et al. 1997; Sewify et al. 2000; 
Sun et al. 2004); however, research on use of these agents 
against this pest is limited. A threshold of 0.5 mines/plant at 
formation of leaves and stems to crop extension growth was 
determined by Kroschel (1995) for fenvalerate (Sumicidin) 
in the Republic of Yemen. Kroschel (1996) showed that 
yield losses were significant only when high pest pressures 
(> 30 larvae/plant) occurred early in the season during crop 
extension growth, while infestations at the end of crop ex-
tension growth and later caused yield losses between 8 and 
15%. Because of the great complexity of cropping systems 
and crop-pest interactions, Keller (2003) emphasizes that 
threshold values are only one factor among many to be con-
sidered in making pest management decisions. Damage to 
potato foliage can be compensated to a high degree by the 
potato plant, so that significant differences in yields may 
not be detectable at harvest. 
 
Harvest 
 
The present study shows that Nimbecidine® formulation 
plots by an application rate of 5 ml/l achieved high signifi-
cant results in all the parameters studied compared with 
untreated control plots (Table 2). High yield was achieved 
but the mean number of potato tubers/10 plants was 87.4 
and the mean weight of potato tubers/10 plants was 11.534 
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Kg (the mean individual tuber weight recorded 131.97 g). 
Also, in these treated plots the percentage of infestation 
decreased to the minimum value (6.86%). Bio-power® plots 
yielded less than Nimbecidine® plots although the product 
yield was 9.650 Kg (the mean individual tuber weight re-
corded 113.97 g). Also, the mean number of larvae in tuber 
infestation and the percentage of tuber infestation was 16.0 
and 15.49% of 5 ml/l Bio-Power in 13.2 potato tubers, res-
pectively. On the other hand, the untreated control plots 
recorded fewer potato tubers/10 plants (79.2 potato tubers) 
and lower yield. The percentage of potato tubers increased 
to 36.11%. Furthermore, product yield was the least among 
all treatments (7.128 Kg) and also, the mean individual 
potato tuber recorded only 90.0 g in the control. PTM popu-
lations occasionally reach this level of infestation in tropical 
or subtropical regions during mid- and late-season (e.g., 
Egypt and Yemen), but such damaging populations are rarely 
seen in temperate zones. Kroschel (1995) reported that in-
festations after crop extension growth caused yield losses 
between 8 and 15%. These reductions were not statistically 
significant, but could nevertheless represent real losses of 
considerable economic significance (Nault and Kennedy 
1998). Gajalakshmi and Abbasi (2004) agreed with the pre-
sent findings and found that when no neem was applied to 
the control plot during the first three months, the different 
parameters of the potato plant decreased in comparison with 
the treated plots. On the other hand, plants in plots sup-
plemented with neem and vermicompost had significantly 
better height, root length, greater biomass per unit time, 
quicker onset of flowering, and enhancement of fruit yield. 
In terms of fertility coefficient and harvest index too, in 
treated plots, there was statistically significant enhancement 
in performance. By the end of the experiment, on the 150th 
day, the control plants had revived so much that in terms of 
all parameters except for total plant weight, the difference 
between the test and control plants had become statistically 
insignificant. The differences in the modes of action of 
neem formulation (azadirachtin as active ingredient) and B. 
bassiana indicate a high degree of complementarity and 
strong potential for integrated use in biologically-based 
potato pest management. The rapid toxic, deterrent, repel-
lent activity and antimetamorphosis effects of neem against 
PTM and/or early-instar larvae can be relied upon to protect 
plants from defoliation early in the season, and the slower 
activity of B. bassiana against all larval instars and epizo-
otic potential in the soil environment can prevent successful 
pupation of larvae that survive neem treatments (Wraight 
and Ramos 2005). The combined action can greatly reduce 
the numbers of Colorado potato beetles surviving to the 
adult stage and, consequently, the size of the next genera-
tion (Groden et al. 2002). Excellent compatibility of these 
agents is further demonstrated by studies showing a low but 
significant level of synergism between neem and B. bas-
siana applied as a tank mix (0.25: 5.0) (Wraight and Ramos 
2005). The present studies show that Nimbecidine® and 
Bio-power® could be incorporated into a PTM integrated 
pest management programme. 
 
 

CONCLUDING REMARKS 
 
From the results obtained in our work, it can be concluded 
that Nimbecidine® formulation was highly effective than 
Bio-power®. However, Nimbecidine® treatments after 3 ap-
plications achieved highly reduction in the larval mine of 
potato tuberworm at rate of 5.0 ml/l. Also, Nimbecidine® 
plots treatments produced highly potato tuber yield than the 
bio-power plots treatment. The results indicate that repeated 
application with neem formulation for 3 times was very 
important to reduce Phthorimaea operculella population. 
The present studies show that Nimbecidine® and bio-power 
could be incorporated into an integrated pest management 
programme of potato tuber moth. 
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