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ABSTRACT 
The green peach aphid and its parasitoid Aphidius matricariae were reared on sweet pepper plants. Several experiments were conducted to find 

the response of the parasitoid to cold storage . Successful cold storage of late instar parasitoid within mummy at 3.5+ 0.3 C of different 
acclimation periods of 6, 12, 18 , 24 and 36 hours at 8 + 1 C  were achieved for at least 2 weeks with great emergence and survival percentages 

and few effects on longevity. Adults emergence, survival and longevity from mummies stored for 3 weeks were better than from mummies stored 

for 3 weeks although increasing the acclimation periods from 6 to 12, 18, 24 and 36 hours had no observable trends on the above test parameters. 
It was concluded that the acclimation itself is very important factor for successful storage to a lesser degree. The process of cold storage was 

failed without acclimatization.In addition , cold storage of late instar A. matricariae within mummified M. persicae for 1, 2 and 3 weeks at 3.5 + 

0.3 C after an acclimation periods of 6, 12, 18, 24 and 36 hours at 8 + 1 C leads to the following conclusions.  
1. In general, adults emergence, survival and longevity from mummies stored for 1 and 2 weeks were better than from mummies stored for 3 

weeks.  

2. Although increasing the acclimation periods from 6 to 12, 18, 24 and 36 hours had no observable trends on the above tested parameters, 
acclimation itself is a very important factor for successful cold storage.  
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INTRODUCTION 

 

Aphids are economic insects. They attack many cultivated and wild plants infesting leaves and stems producing 

honeydew which encourages sooty mold to grow and transmitting viral diseases to plants. The green peach aphid, 

Myzus persicae Sulzer (Homoptera: Aphididae) is considered to be with wide host range. In Jordan , Mustafa [15, 16 

, 17] reported M. persicae on several plants including peppers. Virus disease transmitted by this aphid in Jordan 

caused significant production problems to peppers [7] 

In Jordan, most members of solanacious and cucurbits are important host for M. persicae [3]. The degree of 

infestation varies from one vegetable crop to another. Sweat pepper which forms about 3% of the total area planted 

to vegetable crops is the most vulnerable one. This aphid transmits potato virus Y (PVY) which is one of the most 

important yield- reducing factors as a result of severe mottling, stunning, flower abortion and local lesion followed 

by systemic necrosis. In addition, to direct damage by sucking plant sap and honeydew exudation on which a black 
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sooty mold develops [3]. However, more than 72% of pepper in Jordan was exported to different countries. Future 

encouragement of continuous exportation will face the high market standard demands in the form of quality control 

especially for residues of chemical control [4]. Implicit in IPM is the maximum utilization of natural enemies; 

supplemented with selective use pesticides when necessary is the major step to meet these demands [14]. 

Successful integration of biological and chemical control in insect pest control program is a major challenge 

facing applied entomologists [6,23]. One major step in integration these two management techniques is to 

understand the impact of various pesticides on the pest [4, 5] and its natural enemies. In aphid parasitoids, the late 

larval and pupal stages within mummified bodies of their aphid hosts seems to be less susceptible to pesticides 

which offers an opportunity for selective application of pesticides[2,13,18]. The cold storage of aphid parasitoids 

being inside mummified aphid has a great economic importance in relation to application of IPM or biological 

control programs locally ,regionally and globally. It is a simple method to keep mass-reared parasitoids alive when 

they are of no use. In this way, it is easily to be shipped and the cost of mass rearing may be lowered [20,21]. 

In Jordan,  Aphidius matricariae was reported to be the most effective parasitoid attacking the green peach 

aphid. The parasitism percentage under plastic house conditions on pepper plants at Baqa’ area reached 77-99% 

when the plants were infested with different ration of the aphid and the parasitoid[1]. However, the aim of this 

investigation was to study the effect of cold storage of mummy on emergence, survival, longevity and fecundity of 

the parasitoid. This would be the first step in the possibility of integration of biological and chemical control for the 

green peach aphid and its parasitoid, A.matricariae under greenhouse, and field conditions.  

 

MATERIALS AND METHODS 

 

Sweet pepper plant production: 

Seeds of sweet pepper "Super lamuyo F1" from Vilmorin-France were regularly planted in seed trays to get 

seedling of 6-7 leaves. The seedlings were transplanted in plastic pots containing 50% soil and 50% peat moss. 

Irrigation and fertilization were done as usual until the seedlings become 25-30 cm in length.  

 

Green peach aphid culture: 

The aphids were collected from pepper plants grown in Madaba area, 20 km from Amman, the capital. Infested 

leaves were collected and transferred to the insectary lab at the National Center for Agricultural Research and 

Extension (NCARE) in Baqa'. Glass slides mounting were prepared for identification according to Blackmann and 

Eastop [10]). Taxonomical confirmation was carried out by Dr. Tawfiq M. Al Antary of the University of Jordan. 

About 100 first and second instar nymphs were isolated from the infested leaves. In greenhouse, a wooden cage 

containing 5 pepper plants were infested with isolated nymphs using a small moistened brush and monitored daily.  

 

Green house Aphid culture: 

In the greenhouse at NCARE, a separated cabin containing 300-400 pepper seedlings were used for the aphid 

culturing. Infested leaves from the wooden cage were taken after 3 weeks, distributed in plants, and monitored daily. 

The plants and the aphid culture were renewed after 4-5 months from aphid infestation.  

 

Lab aphid stock culture:  

In insectary lab at NCARE, 7 wooden cages, each containing 9 sweet pepper plants were infested with the aphid 

collected from the greenhouse culture. The plants were renewed gradually and when necessary, and from time 

infested leaves from the greenhouse culture were distributed on the plants. This culture was kept during the whole 

period of study and used for re-infestation of the newly established culture in greenhouse.  

 

The aphid parasitoid culture: 

Leaves of sweet pepper plants containing mummies of parasitized green peach aphid were collected from 

Madaba area and transferred to the insectary lab at NCARE. The mummies were taken with a small moist end brush 

and placed in test tubes covered with moist piece of cotton containing droplets of honey. Ten test tubes, each 

containing 5 mummies, were used and left under lab conditions with daily inspection for emergence. The emerged 

parasitoids were checked under the binocular microscope to be sure that they were of the same species and then 

collected by mouth aspirator into two separated vials. Slides mounting were prepared for taxonomical identification 

according to Pike et al. [10]).  Identification gives the genus only (Aphidius) was carried out with the help of Prof. 

Tawfiq M. Al-Antary. One of the tow vials was sent to Prof. Giovanni Minio-Istituo di Entomologica Agaria, 

University of Palermo- Italy for taxonomical identification. The specimen was identified as Aphidius matricariae. 

The second vial was used for parasitoid culturing in the greenhouse.  
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Greenhouse parasitoid culture: 

In the greenhouse, another separated cabin containing 100 sweet pepper plants were used at the beginning of the 

culture. Infested leaves from the greenhouse aphid culture were collected and distributed on the plants. Two weeks 

later, 5 females and 5 males in a test tube were released on the plants. The plants used for culturing were renewed 

after 4-5 months from aphid infestation, and the number of plants was increased to 300 on the second and third 

circulation of parasitoid culturing. Green sticky traps were hanged above the plants to reduce the number of the adult 

parasitoids [12]. In addition, the culture was checked twice a week to collect mummies for studies or to destroy 

excess ones.  

 

Lab parasitoids stock culture: 

In a separated insectary lab at NCARE, 7 wooden cages each containing 9 sweet pepper plants were infested 

with the aphid and the parasitoids. The plants were renewed gradually and when necessary and from time to time 

infested leaves and mummies from greenhouse aphid and parasitoids cultures were introduced to the plants. Green 

sticky traps were fixed inside the cage to reduce the number of parasitoid adults. In addition, the culture was 

checked two times weekly to destroy access mummies. This culture was kept during the whole period of study and 

used for re-infestation of the newly established cultures in the greenhouse.  

 

Cold storage of late instar A. mataricariae within the mummy: 

Late instar parasitoid within mummies, 2-4 days before emergence were collected from greenhouse parasitoids 

culture by a small moistened brush and transferred to the lab in a while plastic dishes. The mummies checked under 

the dissecting binocular microscope to be sure that they were healthy and at the right stage. Ten mummies were 

introduced in a black camera film box (replicate), and kept in the dark at the following contrast temperatures: 

acclimation periods were for 6, 12, 18, 24 and 36 hours at 8 + 1 C using Isotemp Laboratory Refrigerator (Fisher 

Scientific). After the acclimation periods, storage periods were for 1,2 and 3 weeks at 3.5 + 0.3 R.H. 95% using 

Controlled Environment  Chamber (Conviron) Canada.  

Storage at the same temperature without acclimation was carried out; at the end of the storage period, the 

mummies were transferred to vials covered with moistened pieces of cotton containing droplets of honey under lab 

conditions ([8,1121]. The layout of the experiments was factorial arrangement in CRD with 5 replicates and 15 

treatments (without acclimation not included).  

 

Effect of cold storage on emergence: 

Number of emerged parasitoid adults was taken two times daily for 5 days. In addition, treated mummies were 

dissected under the binocular microscope at the end of the study to count emerged and non-emerged ones.  

 

Effect of cold storage on survival and longevity: 

Emerged adults of the same age were collected two times daily by mouth aspirator. The same vial was covered 

with a moistened piece of cotton contained droplets of honey, and monitored two times daily. Survival for each 

treatment was based on percentage emerged adults that survived 2 days after emergence. To estimate adult 

longevity, one survived adult from the previous replicate was collected randomly and placed on a separated vial 

covered with moistened piece of cotton contained droplet of honey. Five replicates (adults) were used for each 

treatment and checked daily until death.  

 

Statistical analysis: 

Data was analyzed by analysis of Variance with mean separation at 5% level of significance using Duncan's 

multiple range test.   

 

Lab conditions: 

Rearing of the aphid and its parasitoid were conducted under the following conditions: Temperature 24 + 3 C, 

R.H. 60 + 10%, L: D 14:10 and light intensity from 4000-7000 Lux. 

 

Results: 

Effect of cold storage on emergence, survival, and longevity of the parasitoid: 

Table 1 shows emergence, survival and longevity of A. matricariae adults from mummified M. persicae stored 

for 1,2 and 3 weeks at 3.5 +0.3 C after acclimation periods 6, 12,18 ,24 and 36 hours at 8 +1 C.  
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Effect of cold storage on emergence: 

Number of emerged adults per 10 mummies (Table 1 and Fig 1) stored for one week at 3.5 +0.3 C ranged from 

8.6- 9.4 for all acclimation periods. These numbers of emerged adults were not significantly different. Emerged 

adults from mummies stored for 2 weeks (Table 1 and Fig.1) for different acclimation periods ranged from 7.6- 8.8. 

emergence from the treatment 2 weeks storage- 6 hours acclimation (7.6) adults was significantly lower than 

emergence from the treatment 2 weeks storage – 24 hours acclimation (8.8) adults. While emergence from the 

treatments 2 weeks storage - 12, 18 and 36 hours acclimation (8.0, 8.6 and 8.6) adults , respectively , was not 

significantly different from emergence of the treatment 2 weeks storage- 24 hours acclimation (8.8)adults.  

Emergence from the treatment 3 weeks storage (Table 1 and Fig 1) for different acclimation periods ranged 

from 5.6-7.6. emerged adults from the treatments 3 weeks storage -6 and 12 hours acclimation (5.6 and 6.2 ) were 

significantly lower from emergence of the treatments 3 weeks storage – 18, 24 and 36 hours acclimation (7.6, 7.2 

and 7.6) adults respectively. 

Emerged adults from mummies stored for one week for all acclimation periods in arrangement (8.8, 8.6, 8.8, 9.0 

and 9.4) were not significantly different from emergence of the treatments 2 weeks storage- 18, 24 and 36 hours 

acclimation (8.6, 8.8 and 8.6) adults respectively. 

Number of emerged adults (Table 1 and Fig 1) from treatment 1 week storage – 36 hours acclimation (9.4) was 

significantly higher from emergence of the treatment , 2 weeks storage – 6 and 12 hours acclimation (7.6 and 8.0) 

adults, and 3 weeks storage – 6,12 , 18, 24 and 36 hours acclimation (5.6, 6.2 , 7.6, 7.2 and 7.6) adults respectively.  

 
Table 1: Emergence, survival, and longevity of Aphidius matricariae adults from mummified Muzys persicae stored for 1, 2 and 3 weeks at 3.5 + 

0.3 C after an acclimation periods of 6, 12, 18 , 24 , and 36 hours at 8 + 1 C.  

Treatment 
Emergence (mummies/10) 

Mean + SE 

Survival % 

Mean+ SE 

Longevity (days) 

Mean+ SE 

6 hrs. x 1 week  8.80 + 0.37 ab 96.0 + 2.45 a  5.80 + 0.37 abcd 

12 hrs. x 1 week  8.60 + 0.40 abc 97.8 + 2.20 a  5.60 + 0.25 abcde 

18 hrs. x 1 week  8.80 + 0.20 ab 97.8 + 2.20 a 5.80 + 0.37 abcd 

24 hrs. x 1 week  9.0 + 0.32 ab 100.0 + 0.0 a  6.40 + 0.25 a 

36 hrs. x 1 week  9.40 + 0.25 a 100.0 + 0.0 a  6.0 + 0.45 abc 

6 hrs. x 2 weeks  7.60 + 0.25 cd 92.4 + 3.12 ab  4.80 + 0.37 def 

12 hrs. x 2 weeks  8.0 + 0.32 bcd 89.6 + 5.32 abc  5.20 + 0.20 bcdef 

18 hrs. x 2 weeks  8.60 + 0.40 abc 100.0 + 0.0 a  6.20 + 0.49 ab 

24 hrs. x 2 weeks  8.80 + 0.20 ab 100.0 + 0.0 a 5.80 + 0.37 abcd 

36 hrs. x 2 weeks  8.60 + 0.25 abc 97.8 + 2.20 a  5. 0 + 0.32 cdef 

6 hrs. x 3 weeks  5.60 + 0.25 e 82.6 + 5.26 bcd 4.40 + 0.25 f 

12 hrs. x 3 weeks  6.20 + 0.37 ab 80.6 + 2.58 cd 4.60 + 0.25ef 

18 hrs. x 3 weeks 7.60 + 0.25 cd 73.6 + 4.10 d  4.40 + 0.25 f 

 24 hrs. x 3 weeks  7.20 + 0.49 d 88.6 + 6.03 abc  4.60 + 0.25 ef 

36 hrs. x 3 weeks  7.60 + 0.25 cd 84.0 + 5.13 bcd  4.80 + 0.37 def 

Means in each column followed by the same letter are not significantly different (P < 0.05; Duncan's multiple range test) 

 
Fig. 1: Number of emerged A. matricariae adults from mummies stored for 1, 2, and 3 weeks at 3.5±0.3 C after an 

acclimation periods of 6,12,18,24, and 36 hours 8±1C. 

 

Effect of cold storage on survival: 

Survived emerged adults from treatments 1 and 2 weeks storage at 3.5 + 0.3 C for all acclimation periods (Table 

1 and Fig. 1) ranged from 89.6 -100%. These survival percentages were not significantly different. Whereas survival 

from treatment 3 weeks storage -24 hours acclimation (88.6%) was not significantly different from the treatments, 1 

week storage- 6, 12, 18, 24 and 36 hours acclimation (96, 97.8, 97.8, 100, and 100%), respectively, 2 weeks storage- 
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6, 12, 18, 24 and 36 hours acclimation (92.4, 89.6, 100, 100 and 97.8%), respectively, and 3 weeks storage – 6, 12 

and 36 hours acclimation (82.6, 80.6 and 84%), respectively, but its significantly higher from treatment 3 weeks 

storage – 18 hours acclimation (73.6%). In addition survival from the treatments 3 weeks storage – 6 and 36 hours 

acclimation (82.6 and 84%) were not significantly different from survival of the treatment 2 weeks storage 12 hours 

acclimation (89.6%).  

 

Effect of cold storage on longevity: 

Longevity of survival adults from mummies at 3.5 + 0.3 C for 1 week after acclimation periods of 6, 12, 18, 24 

and 36 hours (Table 1 and Fig.1) ranged from 5.6- 6.4 days. These longevity periods were not significantly different. 

Whereas longevity from treatment 2 weeks storage 18 and 24 hours acclimation (6.2 and 5.8) days were not 

significantly different from longevity of the treatments 1 week storage -6, 12, 18, 24 and 36 hours acclimation (5.8, 

5.6, 5.8, 6.4 and 6.0) days, respectively. Longevity from treatment 2 weeks storage – 6, 12, and 36 hours acclimation 

(4.8, 5.2 and 5.0) days, respectively, were not significantly different from the treatments 1 week storage – 6, 12 and 

18 hours acclimation (5.8, 5.6 and 5.8) days , respectively.  

Longevity of survived adults from the treatment 3 weeks storage- 6, 12, 18, 24 and 36 hours acclimation ranged 

from 4.4-4.8 days (Table 1 and Fig 1). These longevity periods were significantly different. However, longevity 

from the treatment  1 week storage- 24 hours acclimation (6.4) days was significantly higher longevity from the 

treatments, 2 weeks storage – 6, 12 and 36 hours acclimation (4.8, 5.2 and 5.0) days, respectively and 3 weeks 

storage – 6, 12, 18 , 24 and 36 hours acclimation (4.4, 4.6, 4.4, 4.6 and 4.8) days, respectively. However, adults 

longevity from treatment 1 week storage- 6 hours acclimation (5.0) days was not significantly different from 

treatments, 2 weeks storage- 6, 12, 18 , 24 and 36 hours acclimation (4.8, 5.0, 5.6, 5.4 and 5.8) days, respectively, 

and 3 weeks storage – 18, 24 and 36 hours acclimation (4.8, 4.4 and 4.6) days, respectively. Whereas longevity of 

survived adults from the treatments 3 weeks storage – 6 and 12 hours acclimation (4 and 4) days was not 

significantly different from the treatments, 3 weeks storage -18, 24 and 36 hours acclimation (4.8, 4.4 and 4.6) days , 

respectively, and 2 weeks storage – 6 hours acclimation (4.8) days , but it was significantly lower than other 

treatments.  

The cold storage treatments for 1, 2 and 3 weeks at 3.5 +0.3 C without acclimation periods were not included in 

the results analysis. Number of emerged adults were very low (0-3) for the treatment 1 week storage, and zero for 

the treatments 2 and 3 weeks storage.  

 

Discussion: 

The development of low cost, effective storage methods constitutes one of the most challenging problems in the 

efficient rearing of parasitoids and predators. It is especially important for the production of high- quality biological 

control agents to be used in inoculative, augmentative, or inundative release. Progress in this area would aid public 

and commercial insectaries because effective storage methods would translate into reduced investment in rearing 

facilities, and increase ability to meet peak demands for production and distribution. Aspects of the proposed storage 

procedure could be enhanced further.  

For storage to be value in mass production of A. matricariae, it must fulfill several requirements. High 

emergence rate of parasitoid within the mummy after storage, high incidence of survival and longevity for emerged 

adults, synchronous and predictable initiation of reproduction after storage, and sustained high fecundity. The 

experiment (Table 1) illustrated that late instar A. matricariae  within mummified M. persicae could be stored for at 

least 2 weeks and generally met these requirements.  

The present results could be compared with the literature data about the time at which 80% or more emergences 

still occur at the best acclimation/storage condition tested. Only 2 weeks for 2 polyphagous species that was 

distributed in subtropical areas, Lysiphlebus testaceipes [9] and A. colemani [21]). Three weeks were for A. 

uzbekistanicus [21]). Different results about A. matricariae were obtained. These were 2 weeks in southern France 

and 4 weeks in England [21]. However, the successful storage of A. matricariae within mummified aphid took place 

in hibernal quiescence for one month only [20]). The present work agreed with the work conducted by Al Antary 

and Abdel-Wali [6]. Storage generally lowered fecundity and fertility below that unstored adults. Archer et al. ([8] 

indicated that adults of A. asychis stored for 15 days reproduced at the same level of unstored adults, but 

reproduction declined as the length of storage increased, while Tauber et al. [22]) stated that despite some 

reproduction in fertility, the level of fertile egg production by females Ch. carnea after storage was compatible with 

the objectives of mass production. However , in case of using the parasitoid might be not convencing , it is worth 

applying integration between this biological agent with chemical control of the green peach aphid (Al Antary and 

Abdel Wali ,2016 ) 
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Conclusions: 

Cold storage of late instar A. matricariae within mummified M. persicae for 1, 2 and 3 weeks at 3.5 + 0.3 C 

after an acclimation periods of 6, 12, 18, 24 and 36 hours at 8 + 1 C leads to the following conclusions:  

3. In general, adults emergence, survival and longevity from mummies stored for 1 and 2 weeks were better 

than from mummies stored for 3 weeks.  

4. Although increasing the acclimation periods from 6 to 12, 18, 24 and 36 hours had no observable trends on 

the above tested parameters, acclimation itself is a very important factor for successful cold storage.  
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