Integrated Management of the Bean aphid (Aphis craccivora Koch) on hyacinth bean (Lablab purpureus L.) in Rajshahi, Bangladesh 


Abstract 
The bean aphid, Aphis craccivora Koch, is one of the major pests of hyacinth bean (Lablab purpureus L.). An experiment was conducted to evaluate the effectiveness of selected components of Integrated Pest Management (IPM) against A. craccivora infestation and their effects on bean yield. Admire 200 SL (Imidacloprid) was used as a chemical insecticide, crude tobacco leaf extract as a botanical pesticide (1:10 w/v), larvae of Coccinella transversalis as a biological control agent, and kerosinized ash as a natural control product; these treatments were applied in two rounds. Pre-treatment data on aphid infestation were recorded 1 day before treatment, and post-treatment data were recorded at 1, 3, 7, and 20 days after each treatment. Bean yield was harvested and recorded separately for each treatment plot and sowing date. Across all three sowing dates, the lowest aphid infestation and highest bean yield were obtained from plots treated with two rounds of insecticide (T1), followed by plots treated with a first-round application of insecticide plus a second-round application of botanical extract (T2), plots receiving first- and second-round releases of natural enemies (T3), plots receiving a first-round release of natural enemies and a second-round application of botanical extract (T4), and plots treated with a first-round application of kerosinized ash plus a second-round application of botanical extract (T5). The lowest yield and highest aphid infestation were recorded in the control plots treated with two rounds of plain water spray (T6).
Keywords: Integrated pest management; bean aphid; Aphis craccivora; hyacinth bean; Lablab purpureus; imidacloprid; botanical pesticide; biological control; sowing date; natural enemies.

1. Introduction
Hyacinth bean Lablab purpureus L. is a common vegetable grown intensively throughout Bangladesh during winter. Nowadays, rooftop farming of this vegetable crop has become very popular among city dwellers. The bean is highly nutritious, as the green pods provide a good amount of protein in addition to vitamins and minerals (Davari et al., 2018). The crop is vulnerable to attack by various insect pests, among which the bean aphid Aphis craccivora is an important pest (Chakravarthy & Lingappa, 1988). Both nymphs and adults of A. craccivora feed on legume crops, and severe infestations can substantially reduce crop productivity (Attia et al., 1986; Sultana et al., 2020). In Asian countries, a 20% to 40% loss in bean yield is caused by this aphid (Singh & Allen, 1980). The predatory ladybird Coccinella transversalis has been studied as a natural enemy of A. craccivora (Rakshith et al., 2021). Insecticidal pest control is not only inexpensive but also detrimental to human and environmental health. No substantial research work on the integrated management of A. craccivora has been conducted in Bangladesh. Keeping this aspect in mind, the present investigation was conducted to evaluate the effects of selected IPM components, namely sowing time, insecticides, botanicals, natural enemies, and kerosinized ash, applied separately or in combination, on A. craccivora infestation and, ultimately, bean yield. The findings of this research may be considered a key element in developing an IPM strategy against this insect pest. Recent field work on dolichos bean found that bio-rational and chemical insecticides, including azadirachtin and imidacloprid, reduced A. craccivora populations, supporting the inclusion of selective chemical and botanical options within an integrated approach (Howal et al., 2024).
Recent lablab studies also indicate that field-margin vegetation and cropping-system design can influence aphid pressure and natural-enemy abundance, while a multi-component integrated pest and disease management programme can reduce pest incidence while maintaining beneficial insects (Karimi et al., 2024; Obanyi et al., 2023; Shanmugam et al., 2026).
Within the Bangladesh context described in this manuscript, evidence on combining sowing time, insecticides, botanicals, natural enemies and kerosinized ash for A. craccivora management remains limited.
Accordingly, the objective of the present study was to evaluate these selected IPM components, used individually or in combination, for their effects on A. craccivora infestation and hyacinth bean yield.
2. Materials and Methods
An experiment was conducted on the roof of the Institute of Biological Sciences, Third Science Building, Rajshahi University, Rajshahi, Bangladesh, from July 2003 to February 2004. Seeds of the bean species were sown in experimental earthen tubs 120 cm in diameter and 40 cm deep on three different dates, viz., 31.07.2003 (early sowing), 15.08.2003 (mid sowing), and 31.08.2003 (late sowing). Thirty tubs for each sowing date were divided into six plots (T1 to T6), i.e., five tubs comprised one plot. After germination, excess bean plants were removed from the tubs. Finally, one bean plant per tub was allowed to grow. Bamboo sticks were inserted into the tubs to support the plants. The required soil moisture level was maintained by regular irrigation. The distance between plots was 2.0 metres, and the distance between tubs was 1.5 metres. Each experimental plot was assigned a specific treatment as follows:
Treatment plot T1 = Two rounds of insecticide spray (first and second rounds).
Treatment plot T2 = One round of insecticide spray (first round) and one round of botanical spray (second round).
Treatment plot T3 = Two rounds of release of natural enemies (first and second rounds).
Treatment plot T4 = One round of natural-enemy release (first round) and one round of botanical spray (second round).
Treatment plot T5 = One round of kerosinized ash dusting (first round) and one round of botanical spray (second round).
Treatment plot T6 = Two rounds of water spray only (first and second rounds) (control).
The bean plants in each plot were checked regularly to detect infestation by A. craccivora. With the onset of heavy infestation in the first week of December 2003, application of the aforementioned treatments was initiated at 20-day intervals.
Because of the different sowing dates, the treatment schedule varied among plots. For the convenience of counting the aphid population, bean plants in the early-sowing plots were treated on 08.12.2003 (first round) and 29.12.2003 (second round). Similarly, plants in the mid-sowing plots were treated on 13.12.2003 (first round) and 03.01.2004 (second round). In the late-sowing plots, the first- and second-round applications were made on 18.01.2004 and 08.02.2004, respectively.
A very common systemic insecticide, Imidacloprid (C9H10CIN5O2), commercially marketed as Admire 200 SL (1 ml/L water) by Bayer Crop Science in Bangladesh, was selected for the experiment. As a botanical treatment, crude tobacco leaf (Nicotina tabacum L.) extract was prepared by soaking the leaves in water at 1:10 (w/v) for 10 days. Larvae of Coccinella transversalis were used as biological control agents (natural enemies). Six teaspoons of kerosene were mixed with 1 kg of wood ash and applied manually to the T5 plots in the first round for each sowing date. The T6 control plots for each sowing date were sprayed with water only at the same time as treatments were applied to the other plots. A Manseok sprayer with an 18-litre capacity was used for the application of insecticide, botanical extract, and water. The sprayer was thoroughly washed and dried before use. The application procedure, including insecticide calibration, was followed according to Matthews (2000).
Aphids were counted using a hand lens on randomly selected leaves (old, mature, and young), 5-cm-long twigs, and pods (if infested) from each of the five tubs in the six plots. In cases of dense colonies, aphids were carefully dislodged from the above-mentioned plant parts using a camel-hair brush (size 0) onto a white plastic plate, counted, and then returned to the same location on the plant. No distinction was made between nymphs and adults because both stages cause similar injury to the plants. Leaves and twigs observed once were not considered for further observation. Pre-treatment data were recorded 1 day before treatment, and post-treatment data were obtained at 1, 3, 7, and 20 days after treatment. To compare yield with the control plot, pods produced in each plot were collected separately and recorded. Very immature pods were not considered.
Statistical analysis:
The mean bean yields of the different treatment plots for each sowing date were compared using DMRT at the 0.05 level of significance. SPSS software (version 11.5) was used for the analysis.
3. Results and Discussion
Under the various control treatments, plot-wise pre-treatment and post-treatment data on A. craccivora Koch numbers, together with bean yield, are presented in Tables 1, 2, and 3. Aphid numbers before the first-round treatment were much higher in all treatment plots. The experiment also showed that two rounds of insecticidal treatment were more effective than the remaining treatments in reducing aphid populations and increasing yield. After the first-round treatment, aphid numbers decreased sharply up to the 7th day; however, on the 20th day, aphid incidence increased slightly in some treatment plots. Immediately after the second-round treatment, aphid numbers decreased again, whereas aphid numbers in the control plots remained more or less unchanged from the beginning to the end of the observation period. The highest yield was obtained from plot T1 for each sowing date, which received two rounds of Admire 200 SL at 1 ml per litre of water. A minimum yield of 0.88 kg/plant was recorded in the untreated control plot (T6) of the late-sowing plants, which had the highest number of aphids across the different observation dates. Thus, in order of decreasing efficacy in terms of bean yield, the treatments were: two rounds of insecticide spray > one round of insecticide plus one round of botanical spray > two rounds of natural-enemy release > one round of natural-enemy release plus one round of botanical spray > one round of kerosinized ash dusting plus one round of botanical spray > two rounds of water spray (control). The results of the present study also revealed that sowing date had a marked effect on aphid numbers and bean yield, because the maximum yield was observed in most plots of early-sown plants, followed by mid-sown plants, while the lowest production was recorded in late-sown plots, with one or two exceptions.
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Table 1.  Effect of insecticide, botanical, natural enemies and kerosinized ash on the infestation of bean aphid, A. craccivora Koch and yield of bean (early sowing plots).

	Date of  sowing 

	Tr. plot
	Treatments
	Mean number of aphids with standard error(S.E.)/plant
	Yield (kg/ plant)
Mean ±S.E.
	

	
	
	
	Pre-treatment
	First round treatment
(08.12.2003)
	Second round treatment  (29.12.2003)
	
	

	
	
	
	
	I
DAT
	III
 DAT
	VII
 DAT
	XX 
DAT
	I
 DAT
	III 
DAT
	VII 
DAT
	XX
 DAT
	
	

	 
31.7.03
(Early sowing)
	T1
	Admire 200 SL@ 1 ml/L water (first round and second round)
	53±4.63
	25±2.23
	3.6±1.80
	1.4±0.51
	5.4±1.71
	0.2±0.20
	1.6±0.09
	3.6±1.77
	10±2.94
	3.35±0.19 a

	
	T2
	Admire 200 SL@ 1 ml/L water (first round) and Tobacco leaf extract @ 1:10 W/V (second round)
	53±7.18
	22±6.03
	5.6±5.86
	0.4±0.09
	1.4±0.51
	0.2±0.20
	5±0.20
	18±2.56
	19.8±1.65
	2.74±.18 b

	
	T3
	Larvae of C. transversalis (first round and second round)
	48.6±6.39
	22±4.05
	41±3.31
	40±3.53
	21.2±2.43
	16±1.87
	24±1.41
	19±2.93
	17.8±2.24
	1.78±.15 c

	
	T4
	Larvae of C. transversalis (first round) and Tobacco leaf extract @ 1:10 W/V (second round)
	57.6±5.63
	18.8±1.84
	27.6±2.87
	32±6.62
	25±3.53
	28.6±8.12
	19±5.56
	22±2.55
	16±3.67
	1.60±.09 c

	
	T5
	Kerosinized ash (first round) and Tobacco leaf extract @ 1:10 W/V (second round)
	52±4.63
	15±1.97
	24±5.33
	23.2±4.33
	22±5.82
	10.6±1.96
	15±2.23
	30±6.11
	14±4.29
	1.46±.22 cd

	
	T6
	Control, spray water only (first round and second round)
	51±8.70
	44±10.28
	59±6.39
	65±4.99
	56±12.06
	23±5.36
	27±6.62
	37±8.87
	56±9.26
	1.14±0.06 d


1. All figures are mean of five replications                                                                                            
1. DAT – Days after treatment                                                                                                            	
1. Means having the same letter(s) in a column are not significantly different at 0.05 probability level by DMRT.


Table 2. Effect of insecticide, botanical, natural enemies and kerosinized ash on the infestation of bean aphid, A. craccivora Koch and yield of bean (Mid sowing plots).

	Date of  sowing 
	Tr. plot
	Treatments
	Mean number of aphids with standard error(S.E.)/plant
	Yield (kg/plant)
Mean±S.E.
	

	
	
	
	Pre-treatment
	First round treatment
(13.12.2003)
	Second round treatment 
 (03.01.2004)
	
	

	
	
	
	
	I
DAT
	III
 DAT
	VII
 DAT
	XX DAT
	I
 DAT
	III 
DAT
	VII DAT
	XX
 DAT
	
	

	 
15.8.03
(Mid sowing)
	T1
	Admire 200 SL@ 1 ml/L water (first round and second round)
	57±5.14
	17± 3.74
	2.80±0.66
	.80±0.58
	5.40±1.50
	0.00± 0.00
	3±1.09
	1.20±0.58
	5.60± 1.50
	3.10±0.09 a
	

	
	T2
	Admire 200 SL@ 1 ml/L water (first round) and Tobacco leaf extract @ 1:10 W/V (second round)
	59±6.19
	24± 3.99
	2.20±0.58
	1.80± 0.19
	6.60± 1.82
	0.40± 0.24
	1.80± 0.37
	13±1.99
	21±2.24
	2.72±0.44 b
	

	
	T3
	Larvae of C. transversalis (first round and second round)
	54±6.58
	30± 0.00
	31±2.45
	29±4.29
	19.60±2.76
	16±2.91
	23±4.35
	20.80± 0.80
	19.20± 2.03
	1.48±0.14 c
	

	
	T4
	Larvae of C. transversalis (first round) and Tobacco leaf extract @ 1:10 W/V (second round)
	62±5.36
	31.20± 5.18
	24±2.91
	33±6.62
	26± 4.29
	19±3.67
	20±1.58
	24±2.45
	20±3.86
	1.46±0.05 c
	

	
	T5
	Kerosinized ash (first round) and Tobacco leaf extract @ 1:10 W/V (second round)
	58±3.74
	30± 7.06
	21±2.45
	13± 1.10
	13.60± 2.10
	15± 2.23
	22± 2.55
	20±5.23
	 21± 10.48
	1.22±0.06 cd
	

	
	T6
	Control, spray water only (first round and second round)
	5±9.12
	45± 11.16
	52±6.03
	37± 3.74
	47± 2.99
	41± 7.47
	57± 4.89
	47±7.98
	36± 6.58
	1.0±0.03 d
	


1. All figures are mean of five replications                                                                        		
1. DAT – Days after treatment                                                                                           		
1. Means having the same letter(s) in a column are not significantly different at 0.05 probability level by DMRT.





Table 3.    Effect of insecticide, botanical, natural enemies and kerosinized ash on the infestation of bean aphid, A. craccivora Koch and yield of bean (Late sowing plots).

	 Date of sowing
	Tr. plot
	Treatments
	Mean number of aphids with standard error(S.E.)/plant
	Yield (kg/plant)
Mean±S.E.
	

	
	
	
	Pre- treatment
	First round treatment
(18.01.2004)
	Second round treatment  
(08.02.2004)
	
	

	
	
	
	
	I
DAT
	III 
DAT
	VII 
DAT
	XX DAT
	I 
DAT
	III DAT
	VII 
DAT
	XX 
DAT
	
	

	
31.8.03
(Late sowing)
	T1
	Admire 200 SL@ 1 ml/L water (first round and second round)
	62±4.89
	18±2.54
	5.20± 1.06
	2±0.70
	2.40±0.50
	00±00
	.20±.20
	1.80±0.37
	4.60± 1.32
	3.14±0.17 a
	

	
	T2
	Admire 200 SL@ 1 ml/L water (first round) and Tobacco leaf extract @ 1:10 W/V (second round)
	61±4.57
	19±3.99
	5±1.41
	1.40± .60
	2.80±1.31
	1.60±.51
	9.40±1.77
	4.80±1.49
	6.60± 2.56
	2.62±o.10 b
	

	
	T3
	Larvae of C. transversalis (first round and second round)
	58±5.82
	35±2.23
	31.60±2.46
	20.60±3.98
	28±2.55
	19±3.31
	24.80±3.67
	32±2.55
	24±2.91
	1.28±0.19 c
	

	
	T4
	Larvae of C. transversalis (first round) and Tobacco leaf extract @ 1:10 W/V (second round)
	70±3.52
	35.40± 3.87
	30.80±2.62
	22± 5.13
	26±1.86
	14±1.86
	16± 1.86
	13.6±2.11
	23±2.55
	1.18±0.07 cd
	

	
	T5
	Kerosinized ash (first round) and Tobacco leaf extract @ 1:10 W/V (second round)
	63±3.73
	33±9.93
	39± 3.31
	15± 2.23
	16±3.99
	11.6±2.65
	24± 4.86
	41±6.39
	15.80± 5.20
	1.14±0.05 cd
	

	
	T6
	Control, spray water only (first round and second round)
	54±8.98
	52±5.82
	67± 3.74
	31± 10.03
	25±8.41
	23±5.37
	36± 3.9
	20±6.51
	51±5.56
	0.88±0.05 d
	


1. All figures are mean of five replications                                                                                        			
1. DAT – Days after treatment                                                                                                          		
1. Means having the same letter(s) in a column are not significantly different at 0.05 probability level by DMRT.	


Hossain et al. (2000) conducted an experiment during the rabi seasons of 1997-98 and 1998-99 on lentil (Lens culinaris Medik), a crop closely related to bean, to examine the impact of sowing dates on aphid infestation and crop performance. The lowest aphid infestation and highest values for yield-contributing characters, such as plant height and pods per plant, were observed in early-sown crops in both seasons, which is in good agreement with the results of the present investigation. Stoddard et al. (2010) investigated integrated approaches against disease-causing agents of faba bean and obtained favourable results. Jena et al. (1997) obtained the best result (83.70% reduction in infestation) using Dimethoate 30 EC to control A. craccivora on groundnut at Bhubaneswar, India. Sarup et al. (1974) assessed the biological efficacy of six granular insecticidal formulations, namely Lindane, Phorate, Disulfoton, Aphidan, Dimethoate, and Phosmamidon, against important predators and pests of pea crops, including A. craccivora, and recorded Disulfoton as the most effective. Bari and Sardar (1998) investigated a control strategy for the bean aphid, A. craccivora, using the predator Menochilus sexmaculatus (Fabr.) and the insecticides Diazinon 0.002% AI and Malathion 0.002% AI. They observed that Malathion was comparatively more effective than Diazinon and that M. sexmaculatus had an adequate suppressive effect on A. craccivora, particularly at low density. Thakur et al. (1984) evaluated the effectiveness of six insecticides against A. craccivora on lentil and observed that all the insecticides were effective against the pest compared with untreated plots. According to Khurana and Kaushik (1991), Monocrotophos (0.025%) and Endosulphan (0.05%) were very effective against A. craccivora. Abate and Ampofo (1996) examined the management of insect pests of beans in Africa using a traditional IPM approach consisting of appropriate sowing dates, varietal mixtures, intercropping, good crop husbandry, locally available materials, and natural biological control, and obtained favourable results. Ogenga-Latigo et al. (1992) reported reduced aphid (Aphis fabae Scop.) infestation and damage when beans were intercropped with densely planted older maize. Chakravarthy and Lingappa (1988) assessed field-bean germplasm for resistance to insect pests, including A. craccivora, highlighting the relevance of host-plant resistance in pest management. Alomba et al. (2018) conducted an experiment to determine the efficacy of integrated management of bean aphid, Aphis fabae, infestation on bean, Phaseolus vulgaris, in the Central Rift, Kenya, and found that population build-up and crop damage were significantly lower when TSP fertiliser at 100 kg/ha was combined with Imidacloprid at 700 ml/100 kg as a seed dressing. They also found that foliar spray of the botanical T. vogelii had the second-highest effect on reducing the aphid population, followed by the control and seed dressing alone. The reduced aphid infestation and improved bean grain yield resulting from the integrated use of fertiliser, seed dressing, and foliar spray are consistent with the results of the present investigation. Mweke et al. (2020) investigated management of A. craccivora using intercropping and entomopathogenic fungi and reported that a Metarhizium anisopliae ICIPE 62-based biopesticide successfully controlled A. craccivora populations in a cowpea-maize intercrop under field conditions without affecting aphid-associated natural enemies. Sayed et al. (2020) evaluated the effects of five botanical extracts (Psiadia penninervia, Salvia officinalis, Ochradenus baccatus, Pulicaria crispa, and Euryops arabicus) on the bean aphid, Aphis craccivora, and the second larval instar of the green lacewing, Chrysoperla carnea, under laboratory conditions. The results showed that O. baccatus extract had a strong effect on aphids and was the safest for the predator. This finding suggests that O. baccatus could be further developed as a plant extract-based insecticide for use in IPM programmes against A. craccivora. Baidoo et al. (2012) conducted an experiment to assess the effectiveness of two neem formulations (aqueous and powder) as botanicals against the cowpea aphid, A. craccivora, and its predator Harmonia axyridis. Both neem formulations reduced A. craccivora infestation, but aphid populations did not differ significantly between the two neem treatments. Sultana et al. (2020) investigated the biorational management of A. craccivora using neem oil (2 ml/L), mahogany oil (2 ml/L), karanja oil (2 ml/L), Abamectin (1 ml/L), Spinosad (1 ml/L), Emamectin benzoate (1 g/L), and Lufenuron (1 ml/L). The highest reduction in aphids on twigs was recorded with Abamectin (70.14%), followed by Spinosad (64.14%) and neem oil (59.16%).

From the results of the present study, it is evident that two insecticidal treatments, irrespective of sowing date, gave an excellent result in reducing the aphid population, which in turn resulted in higher bean yields. The next most effective treatment was one insecticide spray followed by one botanical spray. However, in the past, this type of IPM-based pest control measure had not been used to control A. craccivora infesting bean plants in Bangladesh. Rahman et al. (2011) examined eggplant planting dates and found lower infestation by A. gossypii and higher yields in earlier plantings. Phadke and Prasad (1987) studied the effect of sowing date on aphid incidence in some varieties of rapeseed and mustard and reported that delayed sowing exposed plants to greater injury at a younger crop stage. The results of the present study therefore are consistent with the findings of Phadke and Prasad (1987), Hossain et al. (2000), and Rahman et al. (2011), who strongly suggested that early sowing could be effective in avoiding aphid infestation.


4. Conclusion
The present study showed that treatment effectiveness against Aphis craccivora differed among the evaluated IPM components and sowing dates. Two applications of imidacloprid consistently produced the lowest aphid infestation and the highest bean yield across the three sowing dates, while imidacloprid followed by tobacco leaf extract ranked next. Treatments based on natural-enemy release, botanical extract, and kerosinised ash provided lower levels of aphid suppression and yield response than the insecticide-based treatments but performed better than the water-sprayed control. Sowing time also influenced crop performance, with early-sown plants generally showing lower aphid pressure and higher yield than mid- and late-sown plants. These results support the use of an integrated management approach in which cultural practices, botanicals, natural enemies, natural products, and judicious insecticide use are considered together. Within the conditions of this experiment, early sowing and selective integration of these components offered the most favourable balance between aphid suppression and bean yield, while reducing reliance on repeated use of a single control measure.
Limitation
This study was conducted in earthen tubs on a single rooftop site in Rajshahi, Bangladesh, during July 2003–February 2004. The evaluation covered three sowing dates and six predefined treatment combinations, with aphid abundance assessed at specified post-treatment intervals and yield recorded per plot. Accordingly, the findings are confined to the experimental conditions, treatment sequence, and observation period used in the study. Additional field-based evaluations across locations and seasons would be required before broader recommendations are made.
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