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 impact 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 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. In all three sowing dates, the lowest aphid infestation and the highest bean yield were obtained from the plots treated with two rounds of insecticide (T1), followed by plots treated with first round application of insecticide plus second round application of botanical extract (T2), plots treated with first- and second- round releases of natural enemies (T3), plots treated with first round release of natural enemies and second round application of botanical extract (T4), and plots treated with first round application of kerosinized ash plus second round  application of botanical extract (T5). The lowest yield and highest aphid infestation were found from the control plots treated with two rounds of plain water spray (T6).
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1. Introduction
Hyacinth bean Lablab purpureus L.is a common vegetable grown intensively all over Bangladesh during winter. Nowadays, rooftop farming of this vegetable crop has become very popular among the city dwellers. The bean is very 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 one (Shah et al.,2001). Both nymphs and adults of A. craccivora damage the bean crop from vegetative to fruiting stages and may cause up to 100% yield loss (Attic et al., 1986). In Asian countries, a 20% to 40% loss of bean yield is caused by this aphid (Singh and Allen, 1980). Works which have already been done in Bangladesh on the said aphid is insecticidal control only (Islam and Nasiruddin 1979). The insecticidal control of pest management is not only inexpensive but also detrimental to human and environmental health. No substantial research work on the integrated management of A. craccivora was held in Bangladesh. Keeping this aspect in mind, an investigation has been conducted to investigate the effect of some selected components of IPM, viz., sowing time, insecticides, botanicals, natural enemies and kerosineised ash were evaluated separately or in combination with one another on the infestation of A. craccivora and ultimately on yield of bean. The findings of this type of research may be considered as a key element for developing an IPM strategy against this notorious insect pest.
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 the month of July 2003 to February 2004. Seeds of the said bean species were sown in experimental earthen tubs of 120 cm 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 of each sowing date were divided into six plots (T1 to T6) i.e. five tubs comprised as a plot. After germination excess bean plants were uprooted from the tubs. Finally one bean plant per tub was allowed to grow. Bamboo sticks were inserted in tubs to support the plants. Required moisture level was maintained by regular irrigation in the soil of the tubs. Plot to plot distance was 2.0 meters and between the tubs 1.5 meters. Each of the experimental plots was used for a specific type of treatment and assigned as: 
Treatment plot T1 	= 	Two rounds of insecticide spray (first round and second round).
Treatment plot T2	= 	One round spray of insecticide (first round) and one round spray of botanical (second round).
Treatment plot T3	= Two rounds of release of natural enemies (first round and second round)
Treatment plot T4	= 	One round release natural enemies (first round) and one round spray of botanical (second round).
Treatment plot T5	=	One round dusting of kerosinized ash (first round) and one round of botanical spray (second round).
           Treatment plot T6 	= 	Two rounds spray of water only (first round and second round) (Controlled).   
The bean plants of each of the plots were checked regularly to detect the infestation of A. craccivora on them. With the beginning of heavy infestation in the first week of December 2003, application of the aforementioned treatment parameters was started at 20 day intervals.
         Because of the different sowing dates, the treatment schedule varied from plot to plot. For the convenience of counting the aphid population, bean plants of early sowing plots were treated on 08.12.2003 (first round) and 29.12.2003 (second round). Similarly, plots of mid- sowing plants were treated on 13.12.2003 (first round) and 03.01.2004 (second round). But in case of plots of late sowing plants, the first and second round applications were done 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 as insecticide for the experiment. As botanical, crude extract of tobacco leaf (Nicotina tabacum L.) was prepared by soaking the leaves 1:10 (w/v) in water for ten days. Larvae of Coccinella transversalis were used as bio-control agents (natural enemies). Six teaspoons of kerosene were mixed with 1 kg of wood ash and applied in the first round manually by throwing in plots T5 (first round) of each sowing date. The control plots T6 of each sowing date were also sprayed with water only at the time of treatment made on other plots. For the application of insecticide, botanical, and water, a Manseok sprayer of eighteen liter capacity was used. The sprayer was thoroughly washed and dried before use. The procedure of application, including calibration of insecticide was followed as per Mathews (1988). 
         Aphids were counted using a hand lens on randomly selected leaves (old, mature and young), twigs of 5 cm in length, pods (if infested) from each of the five tubs of six plots. In the case of thick colonies, aphids were dislodged carefully from the above-mentioned plant parts by means of a camel hairbrush (0 size) on white plastic plate, counted and thereafter they were placed back to same place of the plant. No distinction was made between the nymphs and adults since both  stages cause similar injury to the plants. The leaves and twigs observed once were not considered for further observation.  Pretreatment data were taken 1 day prior to and post-treatment data were obtained on 1, 3, 7 and 20 days after treatment. To compare yield with the controlled plot, pods produced per plot were collected separately and recorded. Usually the very immature pods were not considered. 
Statistical analysis:
 Comparison of means of bean yield of different treatment plots of each sowing date was done by DMRT at 0.05 level of significance. Statistical software SPSS (Ver.11.5) was used to perform the analysis.
3. Results and Discussions
Under various control parameters, plot-wise pretreatment and post-treatment data on aphid numbers of A. craccivora Koch along with the yield of beans are presented in Table 1,2 &3. It is observed that aphid numbers before the application of the first round treatment were much higher in all the treatment plots. It is also evident from the experiment that two rounds of insecticidal treatment proved more effective in all the plots as compared to the remaining treatments in terms of aphid population reduction and finally an increase in yield. After the initiation of first round treatment, aphid numbers started to decrease sharply up to 7th day, but on the 20th day, aphid incidence increased slightly in some treatment plots. Just after the second round of treatment, aphid numbers again decreased, whereas the aphid number of controlled plots remained more or less the same from the beginning to the end of different counting dates. It is evident from the experiment that the highest yield was obtained from the plot (T1) of each sowing date that was treated with two rounds by an insecticide Admire 200SL @ 1 ml per liter of water. A minimum yield 0.88 kg/plant was recorded from the untreated control plot (T6) of late-sowing plants which had the highest number of aphids during different counting dates. Thus, in order of increasing efficacy on the yield of bean, the treatments were as – two rounds of insecticide spray > one round insecticide plus one round botanical spray > Two rounds release of natural enemies > One round release of natural enemies plus one round spray of botanical> one round dusting of kerosinized ash plus one round botanical spray > two round water spray (control). The results of the present study also revealed that the date of sowing has an immense impact on the reducing or increasing phenomena of aphid numbers and yield of beans because maximum yield was noticed in most of the plots of early sowing plants followed by plants from mid-sowing plots and the least production was recorded in late sowing plots except one or two cases.






17


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) did an experiment during rabi 1997-98 and 1998-99 on Lentil (Lens culinaris Medik), a very related crop of bean to view the impact of sowing dates on aphid infestation visa-vis performance. The lowest aphid infestation and highest yield contributing characters, viz., plant height, pods/plant, etc. was observed in early sown crops of both the seasons which is in good agreement with the results of the present investigation. Stoddard et al., (2010) did an experiment against the disease causing agents of faba bean through the integrated approach and obtained good results. Jena et al.,(1997) obtained best result (83.70% reduction of infestation) by using Dimethoate 30 EC to control A. craccivora on groundnut at Bhubaneswar, India. Sarup et al., (1974) assessed the biological efficacy of six insecticidal granular formulations viz., Lindane, Phorate, Disulfoton, Aphidan, Dimethoate and Phosmamidon, against some important predators and pest of pea cops including A. craccivora and recorded Disulfoton to be the most effective. Bari and Sardar (1998) worked on the control strategy of the bean aphid, A. craccivora with the predator Menochilus sexmaculatus (Fabr.) and insecticides Diazinon 0.002% AI and Malathion 0.002% AI and observed that Malathion was comparatively better than Diazinon and M. sexmaculatus had adequate reductive impact on A. craccivora  particularly at low density. Thakur et al., (1984) carried out an experiment to determine the effectiveness of six insecticides against A. craccivora on lentil and observed that all the insecticides were effective against the pest as compared with untreated blocks. According to Khurana and Kaushic (1991), Monocrotophos (0.025%) and Endosulphan (0.05%) were very effective against A. craccivora. Abate and Ampofo (1996) worked on the management of insect pests of beans in Africa through the use of a traditional IPM approach that consists of appropriate sowing dates, varietals mixtures, intercropping, good crop husbandry, locally available materials, natural biological controll and obtained an excellent result. Ogenga-Latigo et al.,(1999) reported reduced aphid (Aphis fabae Scop.) infestation and damage when  beans were intercropped with densely populated  older maize. From the study of Shah et al., (2001) on relative susceptibility of dolichos bean Lablab purpureus L. to black bean aphid, A. craccivora ,  it was found that lowest aphid population in genotype AC-120 followed by AC-134, AC-351 and AC-354. Alomba et al.,(2018) conducted an experiment to determine the efficacy of integrated management on bean aphid, Aphis fabae infestation on bean Phaseolus vulgaris in Central Rift, Kenya and found that population builds up and damage on bean crop was significantly lower when combined application of TSP fertilizer at the rate of 100 kg/ha with Imidacloprid at 700ml/100kg was used as seed dresser. They also found that foliar spray of botanical (T.vogelii ) gave the second-highest effect on reducing the aphid population, followed by control and seed dress alone. The reduced aphid infestation and improved bean grain yield resulted from the integrated use of fertilizer, seed dresser and foliar spray, which is consistent with the results of the present investigation. Mweke et al. (2020) conducted an experiment to manage A. craccivora  using intercropping  and entomopathogenic fungi, and they reported that Metarhizium anisopliae ICIPE 62-based biopesticide  performed successfully to controll A. craccivora population in cowpea–maize intercrop under field conditions without affecting aphid-associated natural enemies. Sayed et al. (2020) evaluated the effect of five different botanical extracts (Psiadia penninervia, Salvia officinalis, Ochradenus baccatus,Pulicaria crispa and Euryops arabicus) on the bean aphid, Aphis craccivora and the 2nd larval instar of the green lacewing, Chrysoperla carnea under laboratory conditions. The results revealed that O. baccatus extract had a strong effect on aphids and was safest for the predator. This finding suggests that O. baccatus could be exploited and further developed as an effective plant extract-based insecticide to be utilized in integrated pest management (IPM) programs against A. craccivora. An experiment conducted by Baidoo et al.(2012) to assess  the effectiveness of two neem formulations ( aqueous and powder) as botanicals against cowpea apdid , A. craccivora and its predator Harmonia axyridis. Fom the study, they concluded that the two neem products were effective in controlling A. craccivora and aqueous extract was more effective than powder formulations. Sultana et al.,(2020) worked on the biorational management of A. craccivora by 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 (1g/l) and Lufenuron(1 ml/l). The highest reduction of aphids on twigs was found in Abamectin (70.14%), followed by Spinosad (64.14%) and Neem oil (59.16%). 

	From the results of present observation, it is evident that two times insecticidal treatments irrespective of sowing date gave an excellent result in reducing the aphid population, which in turn resulted in higher yields of beans. The next effective result was found from the treatment with a one-time insecticide spray plus one-time botanical spray. But in the past, no one took this sort of pest control measure using the IPM concept to control A.  craccivora infesting bean plant in Bangladesh. Das (2001) conducted an experiment on IPM of aphid pests on eggplant and concluded that the population of A. gossypii on eggplant could be kept under economic threshold level by sowing date manipulation with minimum insecticide use and release of the effective natural enemies. Phadke and Prasad (1987) studied the effect of sowing date on aphid incidence in some varieties of rapeseed and mustard and mentioned that delayed sowings made the plants to suffer from higher injury at a younger crop stage. Results of the present study thus confirm the findings of Phadke and Prasad (1987), Hossain et al. (2000) and Das (2001) who strongly suggested that early sowing would be very effective in avoiding aphid infestation.


4. Conclusion
From the present investigation, it could be concluded that bean plants treated by insecticide are less susceptible to pest attack and produce higher yields. But this method is not only expensive and also unsafe for humans and for environmental health. So, in order to minimize the use of persistent synthetic insecticides, gardeners may use botanicals, natural enemies and other natural products like kerosinized ash independently or in combination with one another, along with judicious use of pesticides, in order to get maximum yield as well as higher environmental safety. Early sowing is encouraged for optimal return, since the higher aphid infestation and lower yield were recorded in mid and late sowing crops. 
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  1     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  impact 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  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. In all three sowing dates, the lowest aphid infestation and the highest bean yield  were obtained from the plots treated with two rounds of insecticide (T 1 ), followed by plots  treated with first round application of insecticide plus second round application of botanical  extract (T 2 ), plots treated with first -   and second -   round releases of natural enemies (T 3),   plots  treated with first round release of natural enemies and second round application of botanical  extract (T 4),   and plots treated with first round application of kerosinized ash plus second  round  application of botanical extract (T 5 ). The lowest yield and highest aphid infestation  were found from the control plots treated with two rounds of plain water spray (T 6 ).   Key words :   Integrated Pest Management (IPM),   Aphis craccivora , Lablab purpureus ,x   1. Introduction  

