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Abstract. Feeding rates of adults and larvae of Adonia variegata Goeze, Coccinella undecimpunctata L. and C. novemnotata Herbst were studied in the laboratory to evaluate their usefulness as biocontrol agents against cereal aphids in Central Saudi Arabia. At low aphid densities (20 and 30 nymphs/day), individual A. variegata adults and larvae exhibited highest consumption rates, whereas those of C. undecimpunctata and C. novemnotata were more efficient at higher prey densities (40 and 50 nymphs/day). Adult consumption rates increased by 3.0, 2.5 and 2.0 folds for C. novemnotata, C. undecimpunctata, and A. variegata respectively, when prey density increased from 20 to 50 nymphs/day. Overall larval feeding rates were 2.0 and 1.5 fold greater than those of the adults of C. undecimpunctata, and/or A. variegata, and C. novemnotata, respectively.  In all three cocinellids, efficiency in prey consumption decreased at high prey densities.
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Introduction

Coccinellids are the most widespread, abundant predators in many agricultural regions are known to have the strongest impact on aphid populations [1; 2]. Natural enemies, among many factors that may control aphid populations, are perhaps the easiest to manipulate [3].  Moreover, coccinellids are major factor in the natural control of populations of five cereal aphid species, of which Schizaphis graminum (Rondani) and Rhopalosiphum padi L. are predominant in wheat fields in Gassim, Central Saudi Arabia [4; 2]. Large numbers of coccinellids usually arrive early in the season at cereal crops in Gassim, originating from surrounding alfalfa fields, which provide suitable refuges [5]. However, pest control programs in this region’s cereal and alfalfa fields rarely include these biological control agents, due to the lack of information on their role. 

 

Adonia variegata Goeze, Coccinella undecimpunctata L. and C. novemnotata Herbst populations comprise 36.6%, 31.8% and 19.6%, respectively, of the seven coccinellid species present in Gassim wheat fields [2]. The first two species have high rates of egg hatchability and generation survival. C. undecimpunctata has a greater potential for population increase manifested in its higher survivorship and shorter development time under laboratory conditions with a constant surplus supply of food [6]. 

Owing to the importance of cereal aphids as major pests of wheat in Central Saudi Arabia, and coccinellids as the most abundant, most efficient, and therefore, promising natural enemies in pest management programs in wheat fields, this study was carried out. Thus, the objective of this study was to compare the feeding capacity as affected by prey density, of the three most abundant coccinellids, A. variegata, C. undecimpunctata and C. novemnotata.

Materials and Methods

Cultures of A.variegata, C. undecimpuctata, and C. novemnotata were established in the laboratory from field collected copulating pairs found on alfalfa at the experimental farm, College of Agriculture, Buraiedah, Saudi Arabia. Cultures were maintained at 25(2(C, 75(5% RH, and a light regime of 14 h L:10 h D. Beetles were fed cabbage aphid, Brevicoryne brassicae L., on cabbage leaf sections, and R. padi on wheat leaves ad libitum daily and allowed to breed. Egg clutches from each predator were kept individually in petri dishes for hatching, then each predator larva was reared separately until 3rd or 4th instar. Trials were run in the laboratory where ambient temperatures ranged between 25 and 30(C, and RH varied from 40 to 80%.

Various densities of 20, 30, 40 or 50 S. graminum nymphs on wheat leaf sections were prepared in Petri dishes, 9 cm in diameter and 2 cm deep with a screened hole in the lid, and lined with a moistened filter paper. One-week-old adult pair (male and female) or a larva from each of the three-coccinellid species was transferred into each of the Petri dishes containing the aphids after a 24 h starvation period.  Sixteen replications for each of the aphid level were employed. The coccinellids were left to feed on the offered prey density for 24 h and the remaining uneaten aphids were recorded. Fresh aphids were then added daily for three consecutive days. 

Another trial was run using single, unsexed adults offered 30, 40 or 50 nymphs each, with 10 replications. The trial was arranged in a randomized complete block design and repeated two times. A third trial was carried out in which the feeding capacity of 3rd and 4th instar larvae from a mixed culture of A. variegata and C. undecimpunctata was compared with that of adults of the three species. Only two treatments, 30 and 40 aphid nymphs per a coccinellid larva or an adult were used in this trial. The trial was arranged in a randomized complete block design with 10 replications and was repeated twice. Numbers of aphids consumed by each individual, in each run, were recorded. Data were analyzed by an analysis of variance. Significant differences (P<0.05) were separated by Duncan’s multiple range test [7], or LSD. 

Results

Single adult coccinellid prey consumption rates are presented in Table 1. A. variegata adults consumed greater numbers of prey than the other two predators, with significant differences (P<0.05) when offered number was 40 aphid nymphs/day/adult coccinellid (Table 1). No significant differences were observed between the three predators at prey density of 50 nymphs/day. However, at this prey density, the percentage of prey consumed increased considerably for all predators, ranging between 40 and 48.4%. (Table 1).  Similar prey consumption rates were observed when pairs (a male and a female) were used and offered 20, 30, 40 or 50 nymphs/day/pair (Table 2).

Table 1.  Prey, S. graminum, consumption rates by single adults of three coccinellid predators

	Predator
	Mean (S.E. No. prey consumed/adult/day/density offered*

	
	Prey density offered

	
	30
	40
	50

	A. variegata
	16.8(3.3 

(56.1)
	17.2(1.5

(43.0)
	24.2(3.3

(48.4)

	C. undecimpunctata
	11.2(1.5

(37.3)
	11.0(1.4

(27.4)
	21.2(2.9

(42.4)

	C. novemnotata
	11.8(2.5

(39.3)
	12.5(2.9

(31.2)
	20.0(2.5

(40.0)

	LSD (P<0.05)

F value


	4.18

1.9

N.S.
	3.03

5.41

S
	8.64

1.49

N.S


*Numbers in parenthesis refer to percentage consumed out of prey density  offered. S= significant, N.S.= not significant at P<0.05.

Table 2.  Prey, S. graminum, consumption rates by adult pairs (a male and a female) of three Coccinellid predators

	Predator
	Mean(S.E. No. prey consumed/Pair/Day/ Density offered*

	
	Prey density offered

	
	20
	30
	40
	50

	A. variegata
	16.7(2.8a

(83.5)
	19.7(2.8b

(65.7)
	35.0(1.4a

(87.5)
	35.0(4.0a

(70.0)

	C. undecimpunctata
	14.7(2.0a

(73.5)
	22.3(4.3ab

(74.3)
	37.3(1.6a

(93.2)
	38.7(8.0a

(77.4)

	C. novemnotata
	14.3(3.4a

(71.5)
	27.7(1.9a

(92.3)
	33.7(3.7a

(84.2)
	43.3(4.9a

(86.6)


*Means not followed by the same letter are significantly different at P<0.05, Duncan’s multiple range test.

**Numbers in parenthesis refer to percentage consumed out of prey density offered. 

No significant differences were observed between predator consumption rates except at the 30 aphid counts level, where C. novemnotata consumed highest prey numbers (92.3%). However, the general trend was an increase in the number of prey consumed, but at a decreasing rate with increase in the number of prey offered.  Larval prey consumption rates given in Table 3 show that individual 4th  instar larvae of the three predators generally consumed more of the prey offered than their corresponding adults.

Table 3. Prey,S. graminum, consumption rates by 4rth instar larvae  of  three Coccinellid predators

	Predator
	Mean(S.E. No. prey consumed/larva/day/density offered*

	
	Prey density offered

	
	30
	40
	50

	A. variegata
	26.0(1.6

(86.7)
	27.8(3.6

(69.5)
	36.2(2.9

(72.4)

	C. undecimpunctata
	21.5(2.1

(71.6)
	28.2(3.0

(70.5)
	35.5(4.3

(71.0)

	C. novemnotata
	17.2(2.2

(57.3)
	20.5(2.1

(51.2)
	30.5(4.0

(61.0)

	LSD (P<0.05)

F value
	6.4

15.0

S
	8.5

6.37

S
	5.5

2.06

N.S.


*Percentage consumption from a total of 120 aphids.

  Numbers in parenthesis refer to percentage consumed out of prey density offered. S= significant, N.S.= not significant at P<0.05.

A. variegata and C. undecimpunctata larvae utilized a significantly (P<0.05) greater proportion of the aphid number offered than C. novemnotata, in the 30 and 40 nymphs/day prey densities. Moreover, larvae of the former two predators consumed 72.4 and 71.0% of the 50 nymphs/day offered, respectively, compared with 61.0% for larvae of C. novemnotata.. When 3rd and 4th instar larvae from a mixed culture of A. variegata and C. undecimpunctata were provided with 30 or 40 nymphs/day/larva consumption rates of 3rd instar larvae were significantly (P<0.05) higher in the first prey level (Table 4). In both larval treatments (Tables 3, 4) the percentage of prey consumed by a coccinellid larva, from any prey density offered, exceeded that consumed by adults throughout the 30, 40 and 50 nymphs/day/larva treatments. These ranged between 69.5-86.7, 70.5-71.6 and 51.2-61.0%, for larvae of A. variegata, C. undecimpunctata and C. novemnotata, respectively, compared with 43.0-56.1, 27.4-42.4 and 31.2-40.0%, for their adults, respectively (Tables 1,3).

Table 4. Percentage of prey, S. graminum consumption/day/adult or larva by three coccinellid predators.

	Predator
	 Mean percentage of daily consumption/prey density offered *

	
	                30                                                      40

	Adults:

   A. variegata

   C. undecimpunctata

   C. novemnotata

Larvae:

   3rd**
   4th**
	81.7 ab

73.3 ab

67.2 bcd

94.2 a

89.0 ab
	50.2 cd

28.5 e

46.0 de

72.5 ab

68.2 bc


* Means not followed by the same letter in vertical columns are significantly different at P<0.05, Duncan’s multiple range test.

**A. variegata and C. undecimpunctata only.

Discussion and Conclusion

 
The decreasing efficiency in prey consumption at higher aphid densities exhibited by the three coccinellids in this study can be compensated for by numerical increase. This applies particularly to C. undecimpunctata which was reported to have a greater potential for population increase than the other two predators predominant in the region [6]. The results agree with Holling [8] who suggested that the number of prey consumed daily by a predator increases rapidly with initial increase in prey density, then increases at decreasing rates. Hodek [1] reported that hungry coccinellids completely devour the first few prey they tackled but exploit subsequent prey with a gradually decreasing efficiency.  Jalali and Singh [9] reported that when larvae of the coccinellid Cheilomenes sexmaculata (Faricius) were offered 25 Aphis gossypii Glover nymphs/day, they consumed 79.2% of the nymphs. But this percentage decreased to 70.3% when prey density increased to 50 nymphs/day and declined more when it increased to 75 nymphs/day.  Partial consumption of prey was observed in this study in the 40 and 50 nymphs/day/adult treatments. It was also evident in the Jalali and Singh [9] study that 3rd or 4th instar coccinellid larvae consume more prey than the adults, indicating that they may have a stronger impact on pest populations than adults. Hodek [1] explained that larvae consume considerably more of their prey than the minimum required for their development. Hattingh and Samways [10] obtained higher laboratory feeding rates for adults of Chilocorus spp. than larvae. They considered a combination of a short larval developmental period, low larval feeding rate, and high adult feeding rate as attributes of a successful predator.

The larval behavior observed in this study agrees with what has been reported by Hodek [1] and Holling [8]. They exhibited high efficiency at prey density of 30 aphids/day/larva but their consumption rate declined when prey density was increased to 40 and 50 aphids/day/larva (Table 3).  This may indicate that the maximum possible intake by a larva is in the range of 30-40 nymphs/day. Patnik and Sahu [11] observed that the effectiveness of C. sexmaculatus as a predator declined when aphid prey are scarce. However, Jalali and Singh [9] found that C. sexmaculatus consumed more aphids as prey density increased, but the percentage of nymphs consumed declined from 79.2 to 74.4% when 25 to 100 nymphs/day were provided. They suggested 75 nymphs/day as an optimum food supply for this predator. In this study, the statistical analysis indicated that efficiency of A. variegata and C. undecimpunctata adults was not significantly different from that of mixed larvae at prey density 30 nymphs/day (Table 4). This is similar to what has been reported by Ofuya [12] on the coccinellid predator Cheilomenes vicina (Muls.), preying on Aphis craccivora Koch. 

The adult consumption rates of the three predators used in this study, at 30 nymphs/day prey density, are similar or greater than the 21.1 aphids/day reported by Hodek [1] or 19.6-20.3 aphids/day reported by Mohammed [13] for C. septempunctata. Popov [14] reported that C. septempunctata consumed from 21.1 to 59.8 nymphs of A. gossypii per day as prey density increased from 125 to 375 nymphs/day. Similar results were reported for C. septempunctata by Atwal and Sethi [15] who found that its consumption of Lipaphis erysimi Kalt increased from 2.2 to 60.0 nymphs/day as the density of aphids increased from 8 to 128 nymphs/day. 

      
The moderate consumption rates observed in A. variegata, C. undecimpunctata, coupled with their superior biological attributes such as fast development, high fecundity and survival rates, and potential for population increase [6], would result in enhanced pest population suppression. However under natural conditions the efficiency of these two species as predators may be decreased, as suggested by Ofuya [12], due to weather, interspecies and intraspecies competition as compared with laboratory results.

Predictiveness of the efficacy of a biological control agent in the field from measurements in the laboratory is limited and should be treated with caution. However, ElHag (unpublished data) have demonstrated that C. undecimpunctata, among other natural enemies, had the greatest impact on cereal aphids in caged field trials, in spite of its moderate adult and larval feeding rates in the laboratory. 

    
The classical biological control approach, involving the importation, acclimatization, mass rearing and release of exotic natural enemies, has dominated biological control endeavors in the past, however, attention to the use of indigenous natural enemies is recently increasing. In addition to the amenability of these coccinellids for mass rearing, both A. vareigata and C. undecimpunctata have broad habitat ranges [5; 16] that make their use in diverse crops possible.  

Although good chances for success may be anticipated for biocontrol endeavors in semi-arid oasis-type, patchy agricultural production, the role of coccinellid predators in suppression of cereal aphid populations in the Gassim region has been overlooked.

Further studies of other desirable traits that would allow these indigenous coccinellids to be successfully incorporated into IPM programs are needed. For example, their tolerance to pesticides and their response to the availability of refugia such as alfalfa, wild grasses and orchards, in the absence of cereal cropland need further study. 
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تقييم معدلات الاستهلاك الغذائي لثلاث من مفترسات أبو العيد

(Coleoptera: Coccinellidae )
محمد عبد العزيز الدغيري

كلية الزراعة و الطب البيطري،  جامعة الملك سعود، فرع القصيم، بريده ص. ب. 1482،

المملكة العربية السعودية

( قدم للنشر في21/8/ 1422؛ وقبل للنشر في2/2/1423 هـ

ملخص البحث. تمت دراسة معدلات استهلاك اليرقات والحشرات البالغة لكلٍ من Adonia variegata Coccinella novemnotata Herbst., Goeze   و C. undecimpunctata L. في المختبر لتقييم كفاءتها كعوامل مكافحة حيوية لحشرات مَنْ الحبوب في أواســـط المملكة العربية السعوديــة. أظهرت الحشـــرات البالغة و اليرقات للمفترس  A. variegata أعلى المعدلات عند الكثافة المنخفضة للفريسة المعروضة عليها يومياً ( 20 و 30 حورية مَنْ/ يوم/ مفترس)، بينما كانت تلك للمفترسين  C. novemnotata  و C. undecimpunctata  أكثر كفاءة نسبياً عند الكثافات العالية ( 40 و 50 حورية مَنْ/يوم/مفترس). ارتفعت معدلات استهلاك الحشرات البالغة للمفترسات الثلاث  C. novemnotata, C. undecimpunctata و  A. variegata  بمقدار 3.0 ، 2.5 و 2.0 ضعفاً، على التوالي، عندما ازدادت كثافة الفريسة المعروضة من 20 إلى 50 حورية مَنْ/يوم. ارتفعت معدلات استهلاك اليرقات للمفترسات الثلاث بشكل عام، بمقدار 2,0 و 1,5 ضعفاً عن الحشرات البالغة للمفترس  C. undecimpunctata  و  A. variegata  أو C. novemnotata ، على التوالي. أوضحت الدراسة أن كفاءة المفترس في الاستهلاك تتناقص عند الكثافات العالية للفريسة.
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