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TITLE: EFFECT OF INTER CROPPING ON THE POPULATION OF MEALY BUG        (PHENACOCCUS SOLENOPSIS TINSLEY) ON OKRA CROP


The effect of inter cropping on the population of mealy bug Phenacoccus solenopsis on okra crop was investigated at the experimental field of Abubakar Soomro Agriculture Farm. The population of mealy bug on okra and chilli as inter crop was monitored during 2017. The analysis of data showed that effect of inter cropping were significant (P<0.05) and weeks of observation were also significant (P<0.05) on population of  P. solenopsis , whereas the effect of interaction was non-significant (P>0.05). The results  were indicated that in initial stage of okra as mono crop, the population of the pest remained low with (4.33)  during 1st observation (1st  week of March) afterwards it started building up the population reached to its peaks i.e., (20.43), during  3rd    week of April . Then, the population was gradually declined with (4.13) during the last week of observation.  Similarly population  was also observed on okra as inter crop with chilli. However, during 1st observation (1st week of March) the population noted was (4.17), afterwards the population of the pest was increased to its peak i.e.,(14.70)  during 3rd week of April. Then after population of P. solenopsis  was decreased with (3.83) during final observation.  It is concluded from the data that the highest mean population(11.03)was recorded on okra as mono crop. Whereas, lowest mean population (7.74) was recorded on okra as inter crop with chilli. Whereas correlation with the abiotic factors revealed that temperature and relative humidity (%) had significant  (P = <0.05) positive correlation on the population build-up of the pest.














CHAPTER- 1

INTRODUCTION

Okra (Abelmoschus esculentus Monech.) is a vegetable crop of great economic importance (Jacquelyn, 2012); and considered as oldest cultivated crops which originates in Ethiopia and Sudan. It is belong to Malvaceae family which is well known in all over the subcontinent (Oyelade et al., 2013). It can be grown under tropical as well as subtropical conditions and is sensitive to frost, , water logging,  drought conditions and low temperature (Mays et al., 2013; Yadav et al., 2011). However, it is adapted to a wide range of soil; thrives best in a well-drained fertile soil with an adequate content of organic matter and reserves of the major elements (Tindall, 2012; Nonnecke, 2014). So far the nutritional value of okra is concerned, a 100 g portion of okra contains 129 kJ (31 kcal) energy, 7.03 g carbohydrates, 1.20 g sugars, 3.2 g dietary fiber, 1.10 g fat, 2 g protein, 90.17 g water and 81 mg calcium (Gopalan et al., 2011).
Okra is a well known vegetable crop which is cultivated under large area in ‘kharif’ and ‘rabi’ seasons. There are number of small-scale farmers who cultivate at a larger scale. The production of crop found good but still needed number of measures to save from pests which damage this vegetable severely due to limited research programs, crop damage has been increased and insect pests damage to productivity of crop. Ewete (1983) has reported that okra crop attacked by 72 insect pest species in Pakistan.
		A good crop stand is mainly dependent on the viability of seed being sown and seed in plant life cycle germination is very tender stage. In the yield of crop density of plant is important (Cheng and Bradford, 2009) and farmers face severe losses due to the use of poor quality seed (Khayatnezhad et al., 2011). However, treatment of seed has been found to be effective for quicker germination and production of healthy seedlings that ensures desirable crop stand. Generally, seed treatment is based on synthetic materials including various chemicals which are not only costly but also create environmental problems (Naeem et al., 2010). The use of natural substances is taken into consideration for seed treatment on the synthetic sources comprised of toxic materials (Sudhakar et al., 2010).
		Like other field crops, okra is also infested by numerous insect pests including sucking insect pests, bollworm and mealy bugs. Recently, mealy bug has demonstrated as a major threat for the field crops, particularly for the plants of the Malvaceae family. The mealy bug is cottony-white, fluffy, scale-like insect (Vishwakarma et al., 2014). It has powdery looking appearance. The mealy bugs similar to soft bodied aphid insects. The eggs lay in sac like structures. It has been observed that, female mealy bug cause more damage to crop as compare to male, its life about two to four days. The female after feeding  make desap the plant. They also cause sooty mould disease. Whereas male mealybug causes slight damage as it has vestigial feeding mouthparts (Vaughn, 2010). In view of the facts stated above, an experiment will be conducted to effect of solo and inter cropping on the population of mealy bug in okra crop.
Objectives:
· To evaluate mealybug population through inter cropping.

· To determine influence of abiotic factors on the population of pest.

CHAPTER – II
Review of Literature
Vennila et al. (2016) studied on okra crop to observe biology of the mealy bug P. solenopsis, under laboratory conditions during August and October 2009 in India. There was observed 23.3–30.2°C temperature 40.5–92.5% relative humidity RH, respectively. A neotate crawler emerged and population was observed under field conditions. It was observed and found that males population time period was greater than females as, (18.7 ± 0.9 days), (13.2 ± 1.8 days). It was further observed during survival period of first second and third found as second instar was lower (45.5%) as compare to first and third instars (71.4%). Females fecundity with the number of crawlers produced per female ranging between 128 and 812, with a mean of 344 ± 82. Further, the reproductive period lasted 30.2 ± 8.2 days. It was observed during experiment that oviparous found lesser in reproduction as compare to Parthenogenesis with ovoviviparity as, (3.5%) oviparous and (96.5%) Parthenogenesis with ovoviviparity. Further it has been observed during life history parameters P. solenopsis adult females lived 42.4 ± 5.7 days whereas, males accounted for less than 5% of the population 1.5 ± 0.1 days and discussed relative to the appearance of symptoms on the okra, and the importance of making management interventions during the effective reproductive period of the insect. 
Gosh et al., (2016) assessed efficacy of Thiamethoxan (25% WG) and Wiloxam against jassid, whitefly and aphid on okra vegetable crop. The data indicated that the crop sprayed with higher concentration of Thiamenthoxan (25,50 and 75g a.i.ha) showed excellent results reducing 83.35 and 96.67 jassid populations, 92.95 and 99.47 percent populations and 83.80 and 96.67 percent whitefly population in 1st and 2nd spray, respectively.  
	Zahi et al. (2016) experimented over mealybug to control under okra field plants by using number of toxic materials. During observation it has been found some toxic chemical groups resulted as the highest efficacy against P. solenopsis. There are some groups of chemicals effective against P. solenopsis  control.
		Khalid et al. (2015) conducted research on life history parameters. This experiment was conducted at Agriculture University Rawalpindi Pakistan in Department of Entomology. During experiment number of plants were selected and observed such as, okra, brinjal, chrysanthemum and cucumber. There were selected 3 prefered hosts for P.solenopsis in experiment II. Further hosts were shuffled and effect of antibiosis characteristics were observed for similar life history parameters. It was examined that male and female developmental time of P.solenopsis found shorter on okra and brinjal and longevity and fecundity were associated with developmental rate. Further it has been observed female laid high ratio of eggs on okra in short period of time and found that brinjal and okra considered as a suitable as compared with cucumber and chrysanthemum. While observing feeding and survival period of nymph resulted that cucumber and chrysanthemum found high mortality whereas okra and brinjal showed lesser. Above finding indicates that  P. solenopsis showed best growth rate when reared on same hosts but it decreases when replaced with alternative hosts.

		Kumar et al. (2015) reported at ferozpur field and found maximum population of  mealy bug (Phenacoccus solenopsis Tinsley) (2.69, 2.40 and 1.73 adults/plant) on Parthenium hysterophorus  at Muktsar. During observation results findings were that, maximum population recorded as (5.94 adult/ plant) on P. hysterophorus followed by Digeria arvensis (3.74 adults/plant). Study further indicated that Sida acuta, Abutilon theophrasti and Achryanthus aspera, population was 2.69, 2.66 and 2.86 adults/plant respectively. Further, result finding were completely different when experiment was conducted during 2008 as maximum population was observed on P. hysterophorus (7.31 adults/plant), while minimum (3.00 adults/plant) on S. acuta. It was also found weed P. hysterophorus as preferred host which cause multiplications. Hence, study indicates that maximum population was observed on Hibiscus sp. followed by okra and P. hysterophorus was the most preferred host for multiplication.
		Yanping et al. (2015) reported that mealy bug Phenacoccus solenopsis Tinsley found at very larger scale in okra crop and has attacked okra field. It has been observed that due to polyphagous in nature it spread rapidly which cause severe damage to okra crop specially in Pakistan and India. It was analyzed worldwide by using climex model and observed that tropical regions were highly suitable for P. solenopsis. Due to favorable conditions for P. solenopsis. There are number of factors such as, climatic conditions irrigation methods which help mealy bug to spread widely which impact negative loses to okra crop.

 	Dilbar et al., (2014) studied on okra field to observe various perametters under semi natural conditions such as, biology from nymphal period to adult stages, survival period of nymphs (%) and such as, preference as well as non preference. It was under examine that  Pusa Swani showed highest numbers in all parameters  such as, number of nymph emerged 19.33 per female, nymphal survival (91.36) mating period (19.67 minutes), number of nymph reaching to adult stage (17.67), whereas, lowest nymph period (7.33) days proved 
 	Jarwar et al. (2014) examined the effectiveness of various synthetic pesticides against sucking complex in okra and reported that Novastar and Abmectin showed maximum reduction in whitefly population (70.54%) in okra; while jassid (73.08) and aphid (74.58%) population was maximally reduced by Novastar; moreover, Novastar also reduced maximum thrip population (66.48%).
 	Mari (2013) observed jassid (Amrasca devastns) population on okra (Hibuscus exculentus) by using trap crop (Hibuscus exculentus)  during summer season 2008 at Latif experimental farm, Sindh Agriculture University Tandojam. It was observed that highest jassid population was found 11.35/leaf on October 29 when vegetative growth and succulence of leaves was at its peak whereas, lowest value was observed during the December 13 as, 1.46. Further, when different techniques were applied as, mixed cropping on the pest population dynamics, jassid (7.87 insects/ leaf) On okra (mono crop) on okra (mono crop), followed by okra with sunflower (5.50 insects/leaf) okra with maize (4.89 insects/ leaf) and okra with garden pea (4.00 insects/leaf). The study revealed that,  okra is one of the major host plant of jassid and it was also observed that after short period of germination jassid infestations occurred and remained till the harvesting period of crop. In a other way, jassid population was lower where multiple crops were grown. Hence, intercropping system is one of the best system to suppress the jassid population.
 	Munthali and Tshegofatso (2013) reported that Abelmoscus esculentus Monech (Okra) is an important crop in many African countries, but its production is constrained by insect pests. Species that cause Yield losses on the crop in Botswana have not been identified. This study identified major pests of okra found in surveys conducted during three seasons from 2006 to 2009 at the Botswana Collage of Agriculture farm, Sebele in Gaborone. Yield losses caused by pod damaging species were estimated on three cultivars: Clemson spineless, Asontem and Legon 6. The most important pests were Earis biplaga, Pachnoda rubrocincta, Mylabris sp., Dysdercus sp. And Aphis gossypii. Pod damage caused by P.rubrocincta was similar (P<0.05) on the three cultivars and about  23% per plant. Eris biplaga caused o.o, 2.0 and 16.7% damage on Legon 6, Asontem and Clemson spineless, respectively. Dysdercus sp. Was most abundant during late podding period of plants, 100 days after plant emergence, while A. gossypii was most abundant 78 days after plant emergence. Application of control measures against the pod damaging species and those that occur throughout the growth of the plants should be made before podding begins to prevent yield losses. 
	Mahmood et al. (2014) evaluated the efficacy of some plant based pesticides against succing complex of okra and reported that the natural pesticides caused reduction in population of B. tabacci (92.62%) and concluded that the plant-based pesticides are safe in relation to residual effect on the okra fruit.
		Nagrare et al. (2014) described that pesticide application reduce mealy bug population but were less effective due to plant canopy formation. Mealy bug population was found in different time period of different crops as, on vegetables (okra, brinjal etc.) in March/April and other crops (cotton etc.) in October/November were observed near their maturity/termination. Study revealed that mealy population mostly increase during spring and  highest population observed in July. followed by a decline and another peak in November showing its natural trend of population growth on this category of plants not being normally sprayed with pesticides. 
				Ahmed et al. (2013) observed the mealy bug population trend and aenasius parasitism percentage throughout year on cotton, okra, tomato, China rose and abutilon indicum at District Mirpurkhas, Sindh from November 2009 to March 2011. The maximum parasitism of Aenasius bambawalei Tinsley on cotton was found in the month of June (82.34%), July (81.79%) and August (79.98%) which reduced the mealy bug population in June (379.05), July (409.64) and August (378.59)/twig during 2010. The okra crop attained two peaks of Aenasius parasitism (75.43%) June, 2010 and (67.64%) March, 2011 this reduced mealy bug population. The maximum population of mealy bug on okra was (459.43, 519.07/twig) during March and May, 2010. Mealy bug on tomato crop was parasitized (76.47%) in July, 2010 and maximum population of mealy bug on tomato (368.57/twig) was recorded during May, 2010. The maximum parasitism on China rose was (76.39% July, 81.44% August, 77.37% September, 74 % October) and maximum population of mealy bug (614.29, 721.32/twig) was recorded during February, 2010 and March, 2011. Aenasius parasitism percentage was the highest in the Abutilon indicum from other crops/hosts which was (83.89 %) during May, 2010 then fluctuate parasitism from (79.54% June, 78.98% July, 75.03% August, 2010), maximum mealy bug population was (565.78 in November, 642.15 in December, 2009)/twig, It seem from study that Aenasius bambawalei has a good efficiency to parasitize on all stages of mealy bug population at district Mirpur khas.
Anita et al. (2012) conducted the population dynamics study of Phenacoccus solenopsis (Tinsley), a serious pest in Vadodara, India, during 2008-2011. The results show that the mealybug population is higher in the month of October on cotton (Gossypium hirsutum L.) and Okra (Abelmaschus esculentus L.). Whereas maximum population of mealybug were seen in the month of February on Tomato (Lycopersicon esculentum L.) and Potato (Solanum tuberosum L.) host plants. The correlation of mealybug population was done with abiotic and biotic parameters. The mealybug population was showing positive correlation with higher temperature, population of predator and parasitoids whereas negative correlation with lower temperature and humidity. Further the biology of the Phenacoccus solenopsis (Tinsley) was studied on Hibiscus rosasinensis (L.) under the laboratory conditions. The results on different biological parameters showed that the fecundity rate of female ranged from 300 to 750 which increased its survival rate. The longevity of female was higher (24.44±2.329 days) than male (1.960±0.8406 days). Hence, the information contained in this paper lead to the identification of proper management practises during effective reproductive period for Phenacoccus solenopsis management. 
Yadav et al. (2008) performed studies to evaluate the efficacy of some synthetic insecticides against various insect pests of okra including sucking complex and the results showed that okra crop treatment with endosulfan at fortnight interval kept the jassid infestation below economic threshold (0.68/5 plants).




CHAPTER-111
Materials and Methods
Research work entitled to determine the effect of inter cropping on the population of mealy bug Phenacoccus solenopsis Tinsley in okra the experiment was conducted at the experimental field of Abubakar Soomro Agriculture farm during the kharif season 2017.
Plot size = 6 m× 5 m (30 m2) 

Replication = 3

Treatment = 2

T1 = Solo crop

T2 = Intercrop

Observation was recorded:  Among three replications ten plants were tagged from each replication.  The data was observed on weekly basis from solo and intercropping plots of okra crop. The data was recorded on weekly basis. The data was taken after the appearance of pest population up to maturity of crop.  Thirty plants were selected randomly for counting the mealy bug on okra as mono crop and thirty plants were selected randomly for counting the mealy bug as mix crop with chilli. All the cultural practices were applied from sowing to till harvesting of crop, row to row distance and space between plant to plant were maintained. The collected data was statistical analyzed by using Statistix’ 8.1 computer software (Statistix, 2006)   


 
CHAPTER-IV
RESULTS
The effect of inter cropping on population of mealy bug (Phenacoccus solenopsis Tinsley) on okra crop was investigated at the experimental field of Abubakar Soomro Agriculture Farm. The population of mealy bug on okra and chilli as inter crop was monitored during 2017.
 
Population of mealy bug 
The analysis of data showed that effects of inter cropping were significant (P<0.05) and weeks of observation were also significant (P<0.05) on population of mealy bug  P. solenopsis , whereas the effect of interaction was non-significant (P>0.05). The results in Table 1 were indicated that P. solenopsis  appeared during the 1st week of March up to 3rd  week of May when the crop was harvested. In initial stage of okra as mono crop, the population of the pest remained low with (4.33)  during 1st observation (1st  week of March) afterwards it started building up the population reached to its peaks i.e., (20.43), during  3rd    week of April . Then, the population was gradually declined with (4.13) during the last week of observation (3rd week of May). The seasonal population mean was (11.03±2.00). Similarly population build up was also observed on okra as inter crop with chilli. However, during 1st observation (1st week of March) the population noted was (4.17), afterwards the population of the  pest was increased to its peak i.e.,(14.70)  during 3rd week of April. Then after population of P. solenopsis  was decreased with (3.83) during final observation (3rd week of May).   The seasonal population mean was (7.74±1.35).  It is concluded from the data that the maximum pest poplation was observed on okra as mono crop. While minimum population was noted on okra as inter crop with chilli. Further Figure 1 showed that total highest mean population(11.03)was recorded on okra as mono crop. Whereas, lowest mean population (7.74) was recorded on okra as inter crop with chilli during 2017. Overall mean population of P. solenopsis observed on various dates are showed that initially population remained very low (4.25) at the start of season. However, a continuous increase in population was observed through the growth of okra vegetables crop reaching at its peak on 3rd week of April 2017 that was (17.57). Afterwards, population started declining towards the harvesting of vegetable crop. However correlation with the abiotic factors revealed that temperature and relative humidity (%) had significant (P = <0.05) positive correlation on the population build-up of the pest.
Table 1. Weekly population of mealy bug Phenacoccus solenopsis (Tinsley.) on Okra as inter cropping during season 2017
	Months
	Weeks
	Mono crop
	Inter crop
	Mean

	March
	1st week
	4.33
	4.17
	4.25

	
	2nd  week
	6.93
	4.10
	5.52

	
	3rd  week
	8.80
	4.87
	6.83

	
	4th week
	11.53
	7.30
	9.42

	April
	1st week
	12.90
	9.43
	11.17

	
	2nd  week
	17.50
	11.57
	14.53

	
	3rd  week
	20.43
	14.70
	17.57

	
	4th week
	17.40
	12.80
	15.10

	May
	1st week
	12.23
	8.90
	10.57

	
	2nd  week
	5.10
	3.50
	4.30

	
	3rd  week
	4.13
	3.83
	3.98

	
	

	Mean
	11.03±2.00A
	7.74±1.35B
	--

	CV % 
	44.58

	SE 
	1.03

	LSD5%  
	2.07









Fig.1 Population of mealy bug P. solenopsis on okra as mono and inter cropping during 2017
Effects of abiotic factors on the population of pest
Table 2 showed the relation of abiotic factors with population of P. solenopsis   on okra as mono and inter cropping had moderate but highly significant positive correlation (r= 0.4332; P < 0.001) with  temperature. While, weak but highly significant relation (r= 0.33230; P < 0.001) was noted with relative humidity. 



Table 2. Correlation of population  of P. solenopsis   with a biotic  factors during 2017.
	A biotic factors
	                                  r  value 

	Temperature 0C
	0.43**


	Relative Humidity (%)
	0.33**















CHAPTER - IV
DISCUSSIONS

                             The significance of mealybug P. solenopsis as a serious pest of  horticultural crops in Pakistan, inter cropping was used as effective tool for avoiding mealy bug population  in okra field. Sucking insect pests are economically harmful and their damage to agricultural crops  is reported worldwide. The loss by mealy bug in Pakistan is 30-100%. The present study was carried out on the population of mealy bug, P. solenopsis on okra mono as well as inter cropping. The present findings showed that that maximum population of mealy bug were recorded on okra as mono crop. These findings are in agreement with Uthamasamy et al. (1973) found that the incidence of mealy bug was more during monsoon season than in the cold season. 
The results of the present studies showed that the mealybug severely infested  okra as a mono  crop. Temperature has been found to be important factor influencing the occurrence of this species. The high temperature (30-36°C) favored the development of pest population. However in present study correlation with the abiotic factors revealed that temperature and relative humidity (%) had significant (P = <0.05) positive correlation on the population build-up of the pest.    
The results further indicated that mealybug population were correlated with temperature and relative humidity. In initial stage of infestation P. solenopsis appeared in low population after that it distributed through the crop.
Dhawan et al., (2009) noted that distribution and infestation of mealybug, P. solenopsis in okra and many other crops with relation to weather factors in south districts of Punjab.
                              Host plant in summer as well as in winter had huge population of mealybug, P. solenopsis which damage and debilitated them. The results are in agreement with Saini et al., (2009) who reported that P. solenopsis attacked many host plants such as okra. Sunflower,cotton, vegetables, and ornamental plants.

CHAPTER-VI
SUMMARY, CONCLUSIONS AND SUGGESTIONS
Summary 

	The effect of inter cropping on population of mealy bug (Phenacoccus solenopsis)  on okra crop was investigated at the experimental field of Abubakar Soomro Agriculture Farm. The population of mealy bug on okra and chilli as inter crop was monitored during 2017.
  
                        The results were indicated that P. solenopsis  appeared during the 1st week of March up to 3rd  week of May 2017 when the crop was harvested. In initial stage of okra as mono crop, the population of the pest remained low during 1st observation (1st  week of March) afterwards it started building up the population, during  3rd    week of April . Then, the population was gradually declined when the crop was near to end during the last week of observation (3rd week of May). Similarly population build up was also observed on okra as inter crop with chilli. However, during 1st observation (1st week of March) the population noted was very low afterwards the population of the  pest was increased. It is concluded from the data that the maximum pest population was observed on okra as mono crop. While minimum population was noted on okra as inter crop with chilli. The total highest mean population(11.03)was recorded on okra as mono crop. Whereas, lowest mean population (7.74) was recorded on okra as inter crop with chilli during 2017. Overall mean population of P. solenopsis  showed that initially population remained very low at the start of season. However, a continuous increase in population was observed through the growth of okra  crop. 

Conclusions
1. Highest infestations of P. solenopsis were noted on okra as mono crop . 
2. Lowest infestations of P. solenopsis were recorded on okra crop when the crop was sown as intercrop with chilli.
3. It was concluded that inter cropping is effective method for the management of mealy bug poulation
Suggestion 
The present findings recommended that okra may be sown with chilli as intercrop to prevent the yield losses caused by P. solenopsis
 These studies should be repeated for next year to evaluate the effect of inter cropping on the population of mealy bug.
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a
b
Mono crop	Inter crop	11.03	7.74	Inter cropping
Mean population
