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ABSTRACT: Experiments were carried out at the farm of the
Environmental Studies and Research Institute , Minufiya University, at El
Sadat area during season 2007and 2008 to investigate the effect of different
Trichogramma evanescens West releases alone and its integrated with
Bacillus thuringiensis (B.T.) application as biocontrol agents against
Phthorimaea operculella (Zeller)in potato fields. Results. indicated that, the
4™ early releases of wasps only was the best treatment and most effective
comparing with the other tested treatments, whereas gave the lowest mean
of (infested tubers ,galleries, produced pupae and emerged moths),(7.25 &
9.75 tubers/200 tubers) , (7.5&10.75galleies), (6.25&8.25pupae), (5.75 & 6.0
moths)as well as the highest mean values of yield (8.96 & 9.15ton/fed.)with
lowest yield losses due to infestation (42.75 & 42.67kg/ton), followed by the
3" early releases of the egg parasitoid Trichogramma plus (B.T.) while the 3"
late releases of the tested parasitoids only seemed to be the weakest one for
the same criteria , recorded a relatively high mean of the previous trials ,
respectively, (24.25 & 26.0 infested tubers/ 200 tubers), (33.0 34.25galleries),
(28.25&29.0pupae), (24.25&25.25emerged moths), as well as a relatively low
mean values of tuber yield(6.95 & 7.47ton/fed.)with relatively high mean
values of yield losses due to infestation (112.75 & 113.0kg/ton) in both 2007
and 2008 , respectively.

Key words : Biological control. Bacillus thuringiensis, Phthorimaea
operculella (Zeller), Potato tuber worm,Releases, Trichogramma evanescens
West.

INTRODUCTION

Potato is one of the most important food crop all over the world, it
occupied the forth rank after wheat , maize and rice .It is grown in more than
140 countries , every year producing about 309 million tons. Egypt, South
Africa , Algeria and Morocco produce more than 80% of all potatoes
produced in Africa. In Egypt potato is considered one of the most important
exporting vegetable crops , ranks the third among other field crops next to
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cotton and rice ( Gomaa and Ibrahim 2003). Potato is attacked by numerous
insect pest , which reduce yield quantity and quality, the potato tuber worm ,
Phthorimaea operculella ( Zeller )( Gelechiidae:Lepidoptera) , is the most
destructive insect pest for potato crop which damage both foliage and
tubers causing serious in the field and during storage in many countries
(Raman and Booth,1983; Von Arx, etAl1987Fenemore 1988: Raman,1988 and
Kirkham,1995) . Tunnels conducted in the tubers facilitate the growth of
many bacterial and fungal diseases and reduce exportation value .This pest
attacks solanaceous crops throughout the year including potato , tomato ,
pepper and egg-plant in Egypt.

The insecticides application has disrupted the effectiveness of
parasitoids, greatly reduced population of predators. To decrease pesticide
use in plant protection as well as protect the biodiversity , IPM policies were
recently recommended by the Ministry of agriculture specialist in the newly
reclaimed land . Biological control is a corner stone in such IPM program . In
the field , different control measurements have been used to combat this
pest ; planting date , hilling and sowing depth, distance of cultivation ,
intercropping systems, managing hosts / season, transgenic varieties,
varietal resistance, sex pheromone , management and manipulation of levels
of irrigation and chemical conventional insecticides (cited from Temerak,
2003), biological control agents as Bacillus thuringensis or granulas virus or
release of parasitoid were also used (Ali 1991 ; Kurjade and Pokharkar 1997,
respectively ) .

Trichogramma evanescens (West.) were widely used to control different
Lepidopteran pests world wide which preserves the endemic natural enemy
complex, reduces the need for additional treatments to control secondary
pests and reduce the risks to human and environmental pollution that are
associated with insecticides(Pimentel et al 1993and Smith 1996).PTM. was
controlled by T. brasilensus on tomato in Chile (Loo and Aguilera,1983) , by
T. chilonios on potato field and store in India (Pokkhart and Jogi ,2000)and
by T. evanecenesin potatofield in Egypt (Agamy, 2003).

The present study aims to improve technique for biological control
program against PTM using the egg parasitoid T. evanescens by choosing
the best number of efficient releases separately and integrated with the B.T
application to reduce the PTM damage and to increase the yield as well as
protection the environmental balance and preservation the biodiversity .

MATERIALS AND METHODS

Field studies:

Experiments were conducted at the farm of the Environmental Studies
and Research Institute , Minufiya University, at El Sadat City Minufiya
Governorate. An area about one Faddan (4200™) was selected and divided
into six equal parts (about400™ each). Each part contained four plots.
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Randomized complete block design with four replicates was followed. Spunt
potato variety was planted during season 2007and 2008 as summer
plantation. All plots received the recommended agricultural practices .Six
treatments were applied for controlling the potato tuber moth on potato crop.
Each treatment was separately by 350 meters from the other treatment to
prevent migration of the beneficial wasps from the first part to another site .

T. evanescens was reared on the grain moth egg, Sitotroga cerealla
according to the method described by Hassan(1993 and 1995). Produced
releasing cards included about 3000 parasitized egg / card. Each card
contained 3- age groups, allowing adult emergence of Trichogramma along a
period of one week post card installation in the potato field . The first date for
wasp releasing occurred after the first PTM trapped by PTM pheromone.

The cards were distributed at the rate of 40 cards / fed. ,ie. 120,000
parasitoids/ fed./ release. The cards were transported to the field in a cooling
box to avoid the harmful effect of heating during transportation .The
releasing cards were placed at the plant heart and by 10 meters distances
between releases points at 10 days intervals, in the (first, second , third ,
fourth , and fifth part) of the experiment. The BT bioinsecticide was applied
two times before releasing the Trichogramma .

Materials Used:

1-Four releases of the egg parasitoid Trichogramma alone during the first
appearance of the potato tuber moth in the field(4th & 2"dMarch)in 2007 and
2008 respectively , each with (120,000 parasitoids / fed.) as (T1).

2-Three releases of the egg parasitoid Trichogramma alone during the first
appearance of the potato tuber moth in the field, each with (120,000
parasitoids / fed.) as (T2).

3- Three releases of the egg parasitoid Trichogramma only, beginning after
10 days from the first PTM appearance in the field., each with (120,000
parasitoids / fed.) as (T3).

4-Protecto:is Protecto (WP) 10%, a commercial product formulation contains
32x10° IlU/mg of Bacillus thuringiensis Subsp Kurstak with rate (300
gm/fed) integrated with three early releases of the egg parasitoid
Trichogramma each with (120,000 parasitoids / fed. as (T4).

5- Three releases of the egg parasitoid Trichogramma only, beginning after
10 days from the first PTM appearance in the field , each with (120,000
parasitoids / fed.) combined with B.T. application(protecto) as (T5) .

Plantation date were (4 h go " January) in both 2007 and 2008 seasons ,
respectively . Soil tgpe is sandy soil. Volume of spray was 200L /Fed. plot
size was about 100™
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Assessment:

During harvest 200 tubers were inspected randomized from each
treatments ( 4 replicates / treatments) to count surface hole infestations, as
number of infested tubers as well as number of galleries and to assess the
relative effect of the treatments on the infestation and produced vyield .
Tubers were placed on sand inside cages ( 50 x 50 x 50 cm ) to count both
the produced pupae and the emerged moths. The obtained results were
subjected to the analysis of variance test( ANOVA) and LSD at 5% level
probability to compare the differences among means according to Senedcor
and Cochran (1973) .The correlation coefficients between the studied
treatments and the all tested trials were statistically calculated during two
seasons of study. Results were tabulated and illustrated in histogram.

RESULTS AND DISCUSSION

Obtained results in Table (1,2) and Fig. (1,2,3,4,5 and 6) shows the effect
of different treatments on the PTM damage at harvest during seasons
2007and 2008.

Degree and intensity of infestation are represented by the mean number
of( infested tubers ,galleries , produced pupae and emerged moths )as well
as losses of yield due to infestation Kg/ton and the potato tuber yield ton /
fed. For the each tested treatments.

Data indicated highly significant differences between the control and the
other five studied treatments in both 2007 and 2008 seasons.

According to L.S.D. value for two years, the tested treatments could be
arranged according to their efficacy in a descending order as follows, theq™
early releases of Trichogramma alone, the 3rd early releases of
Trichogramma combined with Bacillus thur|ng|en3|s both the early 3"
releases of Trichogramma only and the 3" late releases of Trichogramma
integrated with the BT product and the 3" |ate Trichogramma releases alone.

First season:

The 4™ releases of Trichogramma alone, each with about 120,000
parasitoids/fed. during the first presence of the PTM in the field were
significantly the best treatment and most effective to reduce the PTM damage
as well as increase the potato tuber yield ,whereas recorded the lowest mean
number of (infested tubers & galleries), (7.25 &7.5),respectively .On the other
hand this treatment recorded the highest mean values of the produced
potato tuber yield (8.96ton / fed.)with lowest mean values of losses due to
infestation (42.75 kg/ton) .The highest yield recorded by this treatment may
be due to early foliage protection, increasing the natural role of the egg
parasitoids Trichogramma by extensive number of releases, which gave its
effect early and continuous up to the end of season.
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Table 1
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Table 2
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Mean No.of infested tubers
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Fig (1) : Mean number of infested tubers based on different Trichogramma
evanescens West. releases and its integrated with Bacillus
thuringiensis during 2007 - 2008 .
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Fig (2) : Mean number of galleries based on different Trichogramma
evanescens West. releases and its integrated with Bacillus
thuringiensis during 2007 - 2008 .
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Mean No.ofpupae
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Fig (3) : Mean number of pupae based on different Trichogramma
evanescens West. releases and its integrated with Bacillus
thuringiensis during 2007 - 2008 .
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Fig (4) : Mean number of moths based on different Trichogramma
evanescens West. releases and its integrated with Bacillus
thuringiensis during 2007 - 2008 .
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Losses of yield due to infestation
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Fig (5) : Mean values of yield losses based on different Trichogramma
evanescens West. releases and its integrated with Bacillus
thuringiensis during 2007 - 2008 .
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Fig (6) : Mean values of yield based on different Trichogramma evanescens
West. releases and its integrated with Bacillus thuringiensis during
2007 - 2008 .
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The 3™ early releases of Trichogramma mtegrated with B. thuringiensis
recoded the second degree of efficiency after the 4" early releases of the
wasp parasitoid only for decreasing the mean number of (infested tubers ,
galleries)as well as increasing (mean values of the produced potato tuber
yield with low mean of yield losses due to infestation ).

Additional B.T. with low number (3 .releases of Trichogramma) seemed to
be more successful in reduction PTM infestation by improving the efficiency
of the egg parasitoid Trichogramma in this criteria, comparing to the same
number of the previous parasitoid releases alone .

The previous results agree with Awad A. Sarhan (2004) who stated that,
using the true egg parasitoid Trichogramma combined with the bacterialcide
Agerin scored the highest protection against PTM in the store. Also the
previous obtained results is in line with Kares, et al. (2002), whereas studied
the efficiency of B. thuringiensis integrated with releases of Trichogramma
against Ostrinia nublalis , and found that the releases of wasp parasitoid
combined with B. thuringiensis was superior to releases of Trichogramma
only for reducing the O. nublalis larvae in the field as another lepidopterous
insect .

InS|gn|f|cant differences were detected between the two treatments that
received the 3" early releases of Trichogramma only and that received the 3
late releases of the previous para3|t0|ds combined with the tested B.T. for
the all studied trials, while the3™ late release of Trichogramma alone
recorded lowest effect on the pest reduction as gave relatively high mean of
(infested tubers & galleries) (24.25 & 33.0), respectively .On the other hand
this treatment recorded relatively low mean of the produced tuber yield
(6.95ton/fed.) with relatively high losses of infested tuber yield (112.75kg/ton).
The previous results agree with Agamy (2003) ,who reported that the three
releases of T . evanescens in potato field with moderate level of PTM
infestation was more successful in suppressing infestation of produce tuber
yield (4.8%) than in heavily infested field (8.84%).

Tuber infestation was expressed as mean number of infested tubers (may
it has one or more surface holes), also as number of galleries and
furthermore as emerged moths from the harvested tubers, which gave new
infestation in the next generation of the pest in the field or storage .

Regarding the produced pupae from the infested tuber ,it is clear from
Table (1) and Fig.(3) that all treatments caused considerable reduction in the
mean of produced pupae compared to the control. Statistical analysis
indicated that the 4™ early releases of wasp parasitoids only was the most
effective to reduce the mean number of pupae comparing with the other
tested treatments whereas gave the lowest mean (6.25) pupae, while the3™
late release of the previous parasitoids alone gave lowest effect, recorded
relatively high mean of the produced pupae (28.25).
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As for emerged moths as presented in Table (1) and Fig. (4) , it is obvious
that the lowest mean of the moths was recorded with the 4th early releases of
the wasps alone, whereas gave (5.75) moths followed by the 3" early
releases plus B.T. product, while the 3" late releases wasp only showed
relatively high mean of the moths (24.25)individuals.

Tubers infestation as surface infestation without real galleries or with real
galleries, indicated the accumulated effect of the whole season based on the
different studied treatments. Also , the emerged moths from that tubers in
the best treatment may reflect that this treatment was suitable to make high
protection to both foliage and tuber against PTM infestation , so it reduce the
new infestation in the next generation of potato tuber moth.

Second season:

Nearly the same results were obtained in season 2008. Results revealed
highly significant differences between control and the other studied
treatments. Statistical analysis indicated that the 4 th early releases of wasps
only was the best treatment and most effective comparing with the other
tested treatments, whereas gave the lowest mean of (infested tubers ,
galleries, pupae and emerged moths), (9.75tubers/200tubers), (10.75galleies),
(8.25pupae), (6.0 moths) as well as the highest values of vyield
(9.15ton/fed. )Wlth lowest losses of infested tuber vyield (42.67kg/ton),.
however the 3 " late releases of the tested parasitoids only seemed to be the
weakest one for the same criteria , whereas recorded a relatively high mean
of the previous trials , respectively,(26.0 infested tubers/200tubers),( 34.25
galleries), (29.0 pupae), (25.25 emerged moths), as well as a relatively low
mean of yield (7.47ton/fed. )W|th relatively high values of losses due to
infestation (113.0kg/ton).The 3" early releases of the studied parasitoid
combined with the B.thuringiensis scored the second degree of efficiency
after the early 4" releases of Trichogramma only in protecting PTM damage
for all the previous trials . InS|gn|f|cant differences were detected between
the two plots that recelved the 3 ' early releases o f Trichogramma only and
that received the 3 " late releases of the previous parasitoids combined with
the tested BT for the all studied trials. The previous results is in line with E.A.
Agamy (2003), who reported that 3 rd, releases of Trichogramma with 120,000
parasitoids/fed./release in a moderately infested fields decreased potato
tuber infestation to 4.8% compared to 8.84% in case of releasing in highly
infested fields.

Statistical analysis showed significant positive correlation coefficient
between mean number of infested tubers and mean number of (galleries ,
produced pupae and emerged moths) in both seasons , respectively ,
whereas recorded (0.98), (0.98), (0.98) for the previous trials , respectively. as
well as the mean value of yield losses due to infestation(0.99 ).On the other
hand obtained results found negative correlation coefficient between mean
number of infested tuber and the mean values of produced potato tuber yield
with (-0.92 & - 0.96) in both 2007 and 2008, respectively.
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From the foregoing data and obtained results, it may be conclude that the
4™ early releases of Trichogramma each with 120,000 wasps/fed. only is the
best treatments against P. operculella in the field whereas gave the highest
potato tuber protection, recorded the highest mean of the produced tuber
yield and reduce the source of potato tuber moth infestation as next
generation from the infested tubers as well as preservation the biodiversity .
and increasing the environmental balance.

To minimize the negative effects of P.operculella in the potato field and
produce the highest values of potato tuber yield free from any pesticides
residues , the biological control program should start early from the first
presence of the PTM with 4" Trichogramma releases. In moderately infested
field, the 3 " releases of the wasp parasitoid each with 120,000 wasps/fed.
integrated with B.thuringiensis may be applied , However that treatment
achieved relatively significant PTM protection based on the reduction of
(infested tubers , galleries , produced pupae ,emerged moths) as well as
increasing the produced tuber yield .

REFERENCES

Agamy, E. A. (2003). The Inundative release of Trichogramma evanescens
West. as biocontrol agent against the potato tuber moth, Phthorimaea
operculella(zeller) in Egypt. Egyptian J. of Bio. Pest Control, 13(1&2).PP.
101-103.

Ali, M.E. (1991). Efficacy of a granulosis virus on the control of potato tuber
moth, Phthorimaea operculella (Zeller) (Gelechiidae: Lepidoptera)
infesting potatoes in Bangladesh .J. of Zoology,19 (1), 141-143

Awad. A . Sarhan (2004). One of the applied biological control program
against the potato tuber moth, ( Phthorimaea operculella Zeller)in Store
Egyptian J. of Bio. Pest Control, 14(1).PP. 291-298..

Fenemore, P. G. (1988). Host — plant Location and Selection by adult moth ,
Phthorimaea operculella Zell. (Lepidoptera: Gelechiidae); A review .
J.Insect Phy. siol., 3:175-177.

Gomaa, A. E. and H. N. Ibrahim (2003). Economic of Biological control for
potato tuber in Egypt; Egyptian J. of Agric. Econ., Vol. (13), No. (3),
802:813.

Hassan, S. A. (1993). The mass rearing and utilization of Trichogramma to
control lepidopterous pests: Achievements and outlook. Pesticide
Sci.,37:387-391.

Hassan, S. A. (1995). Improved methods for the production of the angouunois
grain moth, Sitotroga cerelella(Oliv) Conference on . Trichogramma and
other egg parasitoids , Cairo , Egypt , October 4-7 ,1994 , ed . INRA , Paris,
1995 ( Les collooques , No.73 ), PP.157-160.

Kares, E. A., A. A. Hafez, F. F. Shalaby and G. H. Ebaid (2002). Evaluation of
Trichogramma evanescens (West Wood) and Bacillus thuringiensis as

732



Evaluation of different Trichogramma evanescens west..................

Control Management. Tools of Ostrinia rubilais) Lepidoptera: Pyralidae)in
Corn Fields at Qalubia Governorate . Egyptian J. of Bio. Pest Control,
12(2).PP.71-77.

Kirkham, R. (1995). Potatoes. In Horticulture Austraia, Coombs, B.(ed.) . Khai
Wah-Ferco Pty. Ltd.,Singapore. Pp. 250-256.

Kurjade, V.P. and D.S. Pokharkar (1997). Biological control of potato tuber
moth Phthorimaea operculella Zeller on potato. J, of .Mahrashtra Agric.
Univ. , 22 (2):187-189.

Loo, P. E. and PA. Aguilera (1983). Experimental multiplication of
Trichogramma brasiliensis(Ashm.)(Hymenoptera; Trichogrammatidae)in
thelV the Regionof Chile. Idesia, 7:45-52

Pimentel, D., H. Acquay, M. Biltonen, P. Rice, M. Silva, J. Nelson, V. Lipner, S.
Giordano, A. Horowitz and M. D' Amore (1993). Assessment of
environmental and economic impacts of pesticides Use . 47-84. .IN D.
Pimentel and H. Lehman(Eds.), the pesticide Question : environment ,
economics , and ethics .Chapmané& Hall , London ..

Pokharkar, D.S. and R. R. Jogi (2000). Biological suppression of potato tuber
moth , Phthorimaea operculella (Zeller) with exotic parasitoids and
microbial agents under field and storage conditions .J. Biol. Control,
14(2): 23-28.

Raman, K.v. and R. H. Booth (1983). Integrated control of potato tuber moth
in rustic potato stores. Six Symposium of the International Society for
Tropical Root Crops, Lima, Peru , February 1983.

Raman, K. V. (1988). Integrated pest management for potatoes in developing
countries. C. |. P. Circular, 16:1-8.

Smith, S. M. (1996). Biological control with Trichogramma advances |,
successes , and potential of their use . Annu. Rev. Entomal. 41: 375-406 .
Snedecor, G. W. and W. G. Cochran (1973). “ Statistical methods” 6" ed., lowa

state Univ. Pres lowa, U.S.A., p. 560.

Von Arx, R., P. T. Ewell, J. Goueder, M. Cheikh, E. Esamet and A.Ben Temime
(1987). Management of the potato tuber moth, Phthorimea operculella
Zeller , by Tunisian farmer.

Temerak, S.A. (2003). Spinosad, a new naturally derived potato tuber worm
control agent in comparisons to certain conventional insecticides. Assiut
J. of Agric. Sci. 34 (4): 153-161.

733



Amany M. Rizk

Trichogramma evanescens LSy il Jadla fpa Adlida il A
(s oudalad) cilips Laf AadlSal asatl) 50y 5148 (oS Spall g
as daluaiowa) i)Yl ulalad) Jg8a

Gl aaa L”,al.ai
ol Aigta — Adsiall drala — Ayl Giganlly bl 3gas

) padlall
daals — clalad) dbaay 400l Egadly cluball agaa Jalaag Joday Aupall ol

Al Yoo Ae YooV Guae ) dpamiga JMA AN 5 Al puae A pgany Adsial)

SS9 5 o) Sall ey Bayiie el 5%l Jails (e clBUa) Sand AQLAY) cfil)

Ghaa dabiaivall @l gublad) Jgda 4 udallagd) @ilip AapE 4yga Aadlsa Jalgas

Dol La gl cpglils

Claw doan Laha 9S8 Juih G ayda 5 5580 i) gl (& O alaall Juad] —
¢ A e ¢ Llaal) clipal sae g dual) il cliial) 8 Lla) Jaugie JB
S A Y [ AQlaa A (4.Y o vaYe ) A claldl e ¢ g hiall sae
Ss AG)E (e coVe ) —ghde (AYe (LYo ) @i (V..ve (V.9)
L @lial) Jgmanad Jaagia Juddl cipglil Lgdl Las . gl o Luhal) asa
(£Y.1V ¢ £Y.Ve) Al aald) a8l (e dad J8L oladll oda (9.0 00 AL4Y)
sl Ao Auhal) awga NS b olall aas

@3 S yall ALY Lalya gl il) Juibs (1n 5)S0a LB} EDIG (o il cuaiagl — ¥
AagS LalasSlill e Bajkia g 580 cilidla) ol my 30N Aipal) B sl giSig
(Bl Al Lygina adipe Jguana plhe) g duhal) cond A8YL Llay) Joliil Adlad
. Bydall clalaall

cudaef o Juilal) ¢pa 5aydiag ke il EBE A 1l §yaal cOllaal) Cinf ¥
(Yoo e YE. Y0 ) il o Cpamgall M8 B A8l cliall Ll ddle cillaugia

734



Evaluation of different Trichogramma evanescens west..................

—ehie (Y. YALYE) -l (YEYO (FYLLA) —A Y/ Llae Ay

1.90) Jsmanall (ra Lumad Aiaidia anh gl Las 408 (Yo.Y0 ¢ Y£.Y0)

(VIFrc V1 Y.ve ) LU aall 88l (e L adipe Jacgiay Ol [oda (V. 8V

Olafpas

Lapd Jol oo Aoy ae ) DSsa Aygad) AnBlSal) galy (Baskal 5) g pa )l) s 1M
Ol [dila 1Y v v ) Jaray LabasShall Gl Juils G i) Aay )l aladiiady (Jaad) 8
G A o f o Jgmanll g Jial) B Galalhd) clips LapA alud) il Jateat &l g (
- el elidia of O A J gaanal)

e Lahasshill Ganll Jdb e cliddl B aladiuly Au)all aagi i
daugiall Llay) Ula B giSig n ggeal) @pall e cidy ga (128 [Jdla VY0 v e y)
Jyanall o Ly dadipa ad o Jguanll Jial) 3 453

735



	INTRODUCTION

