


The study on influence of weather parameters on pest population of sweet orange 

Abstract: Citrus, India's third-largest fruit sector after mango and banana plays a crucial role in the country's horticultural wealth and economy. The investigation “influence of weather parameters on pest population of sweet orange” was carried out during Mrig bahar 2020, on the farm of Progressive Farmer Shri. Santosh Dombale's field at Tal. Indapur, Dist. Pune, through Department of Agricultural Entomology, College of Agriculture, Badnapur, V.N.M.K.V, Parbhani, with an objective to study population dynamics of major insect Pest of sweet orange. Nucellar of Sweet orange variety was used for study. The experiment was conducted under Randomized Block Design (RBD) with the 7 treatments and 3 replications. The highlights of findings are given below. The study on influence of weather parameters on major insect pests of sweet orange showed that the attack of Citrus psylla and Citrus thrips commenced from 33rd SMW (Standard Meteorological Week) in second fortnight of August 2020. The peak incidence of these insect pests during 44th SMW (19 thrips/twig) and 35th SMW (2.8 psylla/twig) respectively. Throughout the study period, maximum temperature correlated positively with both pests, whereas minimum temperature correlated negatively with Thrips and Psylla. Morning humidity and minimum humidity correlated negatively with these pests, while rainfall correlated negatively with Thrips and positively with Psylla. The natural enemy lady bird beetle also recorded in average number during the season ranged from 1.8 to 3.8 and reached to peak in 47th SMW noted 3.8 LBB/twig. Study suggest that follow the curative spray at the peak period of pest development. 
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Introduction 
Citrus is a highly technological crop, and its profitable cultivation is dependent on scientific cultivation practices. Citrus, India's third-largest fruit sector after mango and banana plays a crucial role in the country's horticultural wealth and economy. The citrus family includes four key varieties: Mandarin, Sweet orange, Acid lime and Lemon. Nucellar mosambi is excellent in terms of fruit size, fruit weight, pomace weight, juice weight, number of segments, yield, etc. Sweet orange (Citrus sinensis L.) is the most widely grown fruit crop in Nigeria and throughout the world (Yang et al., 2000) for its richness in essential minerals and vitamins (Onibon et al., 2007; Janati et al., 2012; Ekpete et al., 2013)
In India, Citrus trees are reported to be damaged by several insects and mite species during different stages of crop (Butani, 1979), this causes fruit yield losses 83-95% (Randhava 1974). There are over 823 insect and mite species that attack citrus worldwide, with over 250 of these species occurring in India (Kaur et al., 2020). Citrus cultivation faces several challenges, the most serious of which is insect assault, which is impeding the global diversification of citrus culture. Around 823 species of insects and mites are known to feed on citrus around the world, with more than 250 species attacking various Citrus plants in India, although only 34 species have been identified in Punjab. Among the different citrus pest species, thrips and mites cause severe damage to leaves, blooms and fruits, lowering fruit quality. Citrus thrips, Scirtothrips citri (Moulton) in California; Kelly's citrus thrips, Pezothrips kellyanus (Bagnall) in Australia, Chile, Greece, New Zealand, Portugal, Spain, Southern Italy, Southern France, Turkey and two Mediterranean islands Cyprus and Sicily; and South African citrus thrips, Scirtothrips aura in South Africa (Kaur et al. 2020).
Citrus is infested by many insect-pests, among them; citrus psylla Diaphorina citri is the most destructive and consequently the most important which causes heavy losses to the citrus. Buds and soft young shoots are attacked by the pest, leaves become distorted and curled; honeydew production leads to sooty mould infestation. Badly damaged leaves die and fall and defoliation of branches can occur. It is thought that the saliva of the pest is probably toxic to produce such distortion (Dennis, 1983). Besides the direct damage, D. citri is also responsible for transmitting the citrus greening disease (CGD) or Huanglongbing which is one of the most important and considered as second most severe diseases of citrus in major growing region of India (Bose et al., 2001). This disease is responsible for the destruction of several citrus industries in Asia and Africa (Manjunath et al., 2008). In India, it is a serious insect pest in Maharashtra, Punjab, Haryana, Himachal Pradesh, Coorg area of Karnataka and North eastern hilly region (Dorge et al., 1968; Bindra, 1969; Randhawa and Srivastava, 1986; Das et al., 2007).
The citrus psylla, (Diaphorina citri), has grown in economic importance during the last ten years. D. citri nymphs and adults sucking sap off newly developed shoots and buds, causing leaves to curl and shoots to dry. It is hypothesised that it secretes 'toxins' along with its saliva, which kills even branches that are not attacked by psylla. It is not the only cause of 'Dieback,' but it is the predominant reason. Its fifth instar nymphs act as a vector for the greening bacteria, hastening the decline (Shivankar et al., 2000). 
D. citri reproduction is dependent on the presence of new shoots with feather stage to freshly developed delicate leaves. To mature eggs, female psyllids must feed on sensitive shoots and they favour opening buds and emerging shoots for oviposition. During the next 2–3 weeks, stalk and leaf tissues remain delicate and are used by nymphs and adults to finish development and mature eggs, respectively. Adults can also feed and survive for several months on fully formed leaves (Qureshi et al. 2014). While considering the impact of the citrus pests the objective of research was to study population dynamics of major insect pests of sweet orange.
Material and method
The seasonal occurrence and influence of weather parameters on Citrus thrips (Scirtothrips citri) and Citrus psylla (D. citri.) in western Maharashtra conditions was studied at Shri. Santosh Dombale's farm Indapur, Dist.- Pune from August to December 2020. The seasonal incidence of citrus thrips and citrus psylla (nymph and adult count) and population of their predators (grubs and adults) were recorded on randomly selected five tender terminal twigs of 15cm length from an untreated sweet orange tree at weekly intervals until harvest to determine pest population. The observations of citrus thrips (nymph & adult), citrus psylla (nymph & adult) and population of their predators (grubs & adults) were recorded from each treatment adopting similar methodology of population dynamics at one day before and 3, 7, 10 and 14 days after each spraying. Weather parameters are were Temperature (Oc) and Humidity (%). The data generated were subjected to the appropriate statistical analysis to work out critical difference for determination of treatment significance (Gomez & Gomez,s 1984).
Result and Discussion-
Seasonal incidence of major insect pests in sweet orange-
Weekly observations recorded on pests of Sweet orange viz., Citrus thrips (Scritothrips citri) and citrus psylla (Diaphorina citri), at the same time natural enemies Ladybird beetle (coccinellids) also observed throughout the season and the data incorporated in table 1.
Citrus thrips 
The data presented in table. 1 and Fig. 1 pertaining to population dynamics of citrus thrips (S. citri) during mrig bahar 2020-21 revealed that their population was observed from 33rd SMW to 52nd SMW. The occurrence of thrips was observed in the whole season (5.4 to 19 thrips/twig) but the increased attack of thrips started from the first fortnight of September to the end of November with a range of 15.8 to 19 thrips/twig. The populations increased and reached 19 thrips /twig in 44th SMW and declined thereafter to 7.6 thrips/twig in 52nd SMW. The current findings corroborate previous research by Gilbert et al., (1990), who observed that the relative population of citrus thrips Scirtothrips aurantii increased on commercial citrus and surrounding bush throughout September and October. Citrus thrips (Scritothrips citri) populations peaked in November-December, according to Kaur et al. (2020). 

Table 1: Population dynamics of major insect pests and their natural enemies in Sweet orange
	SMW
	Insect Pests
	Tempreture
	Rainfall
	Humidity

	
	Thrips
	Psylla
	LBB
	MaxT
	MinT
	RF
	RhM
	RhE

	33
	5.4
	1
	3.2
	24.1
	23.2
	29.4
	98
	87

	34
	11
	1.2
	0
	26.1
	21.8
	25.7
	96
	92

	35
	15
	2.8
	0
	30.9
	22
	21.7
	95
	90.6

	36
	16
	1.2
	0
	27.1
	22.4
	15.6
	92
	90.2

	37
	16.8
	2
	1.8
	27.5
	22.6
	14.4
	98
	89.8

	38
	16.6
	2.4
	1.6
	28.4
	22.4
	14.6
	98
	90

	39
	17.2
	2.4
	2.6
	30.1
	22.8
	13.2
	93.2
	88

	40
	16.4
	2.6
	2.4
	29.3
	22.6
	14.4
	97.6
	89

	41
	15.8
	2
	2.8
	27.4
	22.3
	10.9
	94
	90.4

	42
	16.6
	2.2
	3.2
	29
	22.6
	14.4
	97.8
	90

	43
	17
	2.2
	2.8
	26.9
	23
	1.8
	92
	88

	44
	19
	2.4
	2.4
	31
	23.2
	0.6
	98
	88

	45
	17.4
	1.4
	1.8
	28.2
	22.8
	20.2
	98
	88

	46
	15.8
	1.2
	3.4
	27.1
	22.3
	0
	94
	89.8

	47
	11
	0.6
	3.8
	26
	21.8
	0
	96
	92

	48
	9
	2.4
	0
	25.8
	21.4
	0
	98
	94.4

	49
	9.4
	0
	0
	23
	21.4
	0
	98
	94.4

	50
	8
	0
	0
	24.2
	21.2
	0
	98
	94.8

	51
	8.4
	0
	0
	25.3
	21.2
	0
	98
	94.6

	52
	7.6
	0
	0
	25.2
	21.2
	0
	98
	95



Citrus psylla 
The data regarding citrus psylla in table 1 and Fig. 2 shows population dynamics of citrus psylla, their incidence commenced from 33rd SMW upto 48th SMW (0.6 to 2.8 psylla/twig) and population increased from the first fortnight of September to the end of October, thereafter population decreased (0 psylla /twig) in December. Pest population reached to peak in 35th SMW with 2.8 psylla /twig. The findings of Arora et al. (1997), who demonstrated that D. citri populations have two peaks every year, one of which occurs during the first two weeks of September and October, lend credence to the current analysis. Bihari and Narayan (2010) discovered that the adult population of D. citri increased from July to August. The peak population of D. citri was found from March to September, and the population was relatively low from December to January.
Ladybird beetle 
The population of ladybird beetles (Table 1 and Fig. 3) was firstly noticed during 33rd SMW in August and then it gradually increased from 37th to 47th SMW i.e. second fortnight of September to the second fortnight of November (1.8 to 3.8 LBB/ twig). The highest population of ladybird beetle (3.8 LBB/ twig) was observed in 47th MW. 
Priyadarshani et al. (2018) obtained similar results on Chilli. They discovered that the coccinellid population was at its highest during the 43rd SMW. Purohit et al. (2006) discovered that the maximum population of a ladybird beetle (Coccinella spp.) in cotton occurred around the third week of August in 2003 and the first week of September in 2004.
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Fig. 1: Seasonal incidence of Citrus thrips in sweet orange
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Fig. 2: Seasonal incidence of Citrus Psylla in sweet orange
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Fig. 3: Seasonal incidence of Ladybird beetle in sweet orange.
Table 2: Correlation coefficient between Thrips, Psylla & Lady bird beetle of sweet orange with weather parameters
	Name of pests
	correlation coefficient (r)

	
	Temperature
	Rainfall
	Relative humidity

	
	MaxT
	MinT
	
	RHM
	RHE

	Thrips
	0.684**
	0.449*
	-0.008NS
	-0.299NS
	-0.445*

	Psylla
	0.818**
	0.620**
	0.355NS
	-0.236NS
	-0.625**

	LBB
	0.310NS 
	0.686** 
	0.070NS 
	-0.197NS 
	-0.689** 






              **significant at 1%, * significant at 5%
Citrus Thrips 
The data incorporated in table 2 was evidence of the positive correlation between thrips population and maximum temperature (r= 0.684) which was significant, whereas negative correlation was exhibited with minimum temperature (r = 0.449). Evening R.H. (r = -0.445) had a negative significant impact and even Morning R.H. (r = - 0.299) had also a negative correlation with thrips but it was non-significant. Rainfall was proved to be harmful (r = – 0.008) for the thrips population. Findings of present investigation are in conformity with earlier work carried out by Kaur et al. (2020) revealed that population of citrus thrips had significant negative correlation with R.H. (maximum and minimum) and for temperature (minimum) whereas positive correlation with temperature (maximum). Rainfall had negative impact on population of  S. citri. Muhammad et al. (2019) recorded effect of humidity on the population of thrips was negatively significant while the temperature was positively correlated. Rainfall was negatively correlated with thrips population. 
Citrus Psylla 
The data included in relation to psylla in table 2 was registered a similar trend as that of the thrips population. The maximum temperature (r= 0.818) and minimum temperature (r = 0.620) were provided significantly congenial conditions for the multiplication of psylla which shows positive correlation while evening R.H. (r = -0.625) had a significant negative impact on the survival of psylla. Morning R.H. (r = -0.236) had also negative correlation but it was non-significant. Rainfall had non-significant but positive correlation (r = 0.148) with psylla population. study supported by findings of Poovizhiraja et al. (2019) who recorded correlation studies (r) between weather parameters and D. citri population revealed that the maximum and minimum temperatures exhibited a significant positive relationship, while relative humidity had a significantly negative relationship with D. citri, whereas rainfall exhibited non-significant with D. citri in citrus aurantifolia.
Ladybird beetle 
The data about correlation coefficients between weather parameters and ladybird beetle population are presented in table 2 which exposed that Maximum temperature (r= 0.310) positively non-significant, minimum temperature (r= 0.686) was found positively significant, whereas with morning RH (r= -0.197) negatively non-significant and evening RH (r= -0.689) were showed negatively significant correlation. Rainfall (r= 0.070) exhibited positive but non-significant correlation. Similar results were also reported by Aruna et al. (2017) studies (r) between weather parameters and ladybird beetle population revealed that the maximum and minimum temperatures exhibited a significant positive relationship, while relative humidity had a significantly negative relationship with ladybird beetle, whereas rainfall exhibited non-significant correlation with ladybird beetle in citrus aurantifolia.
Summery and conclusion
Thrips, psylla, and Ladybird beetle populations varied from (5.4 to 19 thrips/twig), (0.6 to 2.8 psylla/twig) and (1.8 to 3.8 LBB/twig), respectively. The pest onslaught began on the 33rd SMW in the second fortnight of August. Pest peak levels of thrips, psylla and Ladybird beetle were 19 thrips/twig, 2.8 psyllas/twig, and 3.8 LBB/twig, respectively, and were reached on the 44th, 35th and 47th SMWs, respectively.
Peak period of pests wise, Thrips noticed in first fortnight of September to end of November, Psylla noticed in first fortnight of September to end of October and predator noticed in first fortnight of September to second fortnight of November week after sowing.
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