Seasonal incidence of Asian Citrus Psyllid (Diaphorina citri Kuwayama) on Kinnow mandarin and its relationship with abiotic factors in Bundelkhand Region of Uttar Pradesh


ABSTRACT
 The present experiment was conducted on “Seasonal incidence of Citrus psylla, Diaphorina citri on Kinnow mandarin” at College of Horticulture, Banda University of Agriculture and Technology Banda during two consecutive year 2024-25 and 2025-26. The nymphal population of D. citri varied from 0.00-37.10 nymphs’ twig⁻¹ in 2024 and 0.00-39.50 nymphs’ twig⁻¹ in 2025, the nymphal incidence was first appeared in both year during the 8th and 9th SMW of February with 0.90 and 1.25 nymph twig-1 and the peak incidence were recorded in 42nd SMW, 37.10 and 39.50 nymphs’ twig⁻¹, respectively, during 2024-25 and 2025-26. Correlation analysis indicated significant positive associations of nymphal population with maximum temperature (r = 0.435*) and minimum temperature (r = 0.469*) in 2024, while relative humidity also exhibited a significant positive association (r = 0.425*). In 2025, significant positive correlations were seen with maximum temperature (r = 0.457*), minimum temperature (r = 0.453*) and relative humidity (r = 0.420*). Rainfall exhibited a negative but non-significant association with psyllid population in both the year 2024 (r = -0.253NS) and 2025 (r = -0.038NS). 
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INTRODUCTION-
Citrus ranks among the most significant groups of fruits grown globally and is part of the Rutaceae family within the Sapindales order. The Citrus genus encompasses various commercially important fruits like sweet orange, mandarin, Kinnow, lemon, lime, and grapefruit. Citrus is thought to have begun in Southeast Asia, specifically areas such as southern China, north-eastern India, and nearby regions, and has gained significant nutritional, medicinal, and economic relevance in global fruit agriculture Wu et al., (2018). Kinnow, mandarin holds a significant role among commercially grown citrus varieties, especially in the semi-arid and arid areas of India. Kinnow is a natural crossbreed of King mandarin (Citrus nobilis) and willowleaf mandarin (Citrus deliciosa) and is noted for its high yield, rendering it economically significant for local use and processing Kumar et al., (2019). Its farming primarily occurs in Punjab, Haryana, Rajasthan, Madhya Pradesh, and nearby regions of Uttar Pradesh. Recent horticultural statistics highlight the significance of mandarin cultivation in India. In 2024-25, the estimated area for mandarin farming was 466.05 thousand hectares, with a production estimate of 6,146.66 thousand metric tonnes. In that timeframe, the overall area dedicated to citrus was estimated at 1,114.45 thousand hectares, yielding around 14,583.85 thousand metric tonnes (Department of Agriculture & Farmers Welfare, 2025). Uttar Pradesh possesses significant prospects for citrus farming, with an estimated 5.67 thousand hectares dedicated to mandarin and a production of 25.78 thousand metric tonnes in 2024-25 (Department of Agriculture & Farmers Welfare, 2025). Cultivation of Kinnow has been recorded in western Uttar Pradesh and nearby favorable regions, encompassing areas of Bundelkhand.
Citrus production is limited by various biotic and abiotic factors, despite its economic significance. Over 823 species of insects and mites infest citrus plants globally (Khan & Molla, 2021), whereas over 250 species have been documented in India Kaur et al., (2020). Among these pests, the Asian citrus psyllid, Diaphorina citri Kuwayama, is a significant pest affecting citrus and Kinnow. It is the main carrier of bacteria Candidatus Liberibacter Asiaticus, and this bacterium linked to Huanglongbing (HLB) or citrus greening disease, which is among the most devastating citrus diseases globally Younas et al., (2025). 
The bacterium that causes the disease is spread by D. citri, thus controlling of this vector is important. Nymphs and adults inflict direct feeding damage via their piercing-sucking mouthparts, leading to leaf curling, distortion, and early leaf drop (Killiny & Jones, 2024). Nymphs also excrete honeydew, promoting the growth of sooty mould and consequently disrupting photosynthetic processes Khan et al., (2020). Psyllid infestations can negatively impact fruit size, juice quality, and flavour, with losses from such infestations reported to be as high as 83-95% Singh et al., (2024). D. citri is present all year round, with population surges typically linked to times of strong vegetative growth. Spring and post-monsoon periods enhance its activity, while winter conditions and temperatures nearing 40°C can negatively impact population growth Antolinez et al., (2021). Two significant peaks in nymphal populations, typically occurring in April-May and August-September, have also been noted (Singh & Yadav, 2018).
Consequently, temperature and new vegetative growth are crucial elements influencing the growth and reproduction of psyllid populations. The development of nymphs and the oviposition of females are tightly linked to new growth, whereas temperature affects the abundance of populations in the field Javed et al., (2025). Therefore, it is crucial to comprehend the seasonal population of D. citri and its connection with varying weather factors in the agro-climatic context of Banda, Uttar Pradesh.
MATERIALS AND METHODS 
The present study was conducted at the Citrus orchard of College of Horticulture, at Banda University of Agriculture and Technology Banda during Ambe bahar 2024-25 and 2025-26. Geographically, the experimental field is located in Uttar Pradesh state at an elevation of about 124 meters above mean sea level, with 24°53′ to 25°55′ North latitude and 80°07′ to 81°34′ East longitude. The region’s climate is typically semi-humid climate, characterised by extremes of temperature both during summers and winters. The meteorological observations during the study period were presented in (Table-1) viz. temperature (maximum and minimum), relative humidity, rainfall was collected from the Meteorological observatory, BUA&T, Banda to calculate the correlation of psyllids population in relation to abiotic factors. For studies on the seasonal abundance, five-year-old kinnow plants having a spacing of 6m x 6m were selected in the citrus orchard.  To record the population of D. citri five plants of citrus (Kinnow mandarin) were selected randomly. Five twigs were selected in each of the four directions on each plant for counting nymphal population of citrus psylla at weekly interval and then mean population was calculated, which was correlated with different weather parameters Roma et al., (2020). The correlation of population fluctuation with different weather parameters was worked out using the formula mentioned herewith.     
Where:
	X = Independent variables (weather variables),
	  = Mean of independent variables,
	Y= Dependent variables (insect populations),
	 = Mean of dependent variables


 RESULTS AND DISCUSSION-
The seasonal abundance of Diaphorina citri was monitored at weekly intervals from the 8th SMW to 45th SMW during 2024-25 and 2025-26 on Kinnow mandarin. The psyllid population exhibited week to week fluctuations and showed two distinct periods of occurrence during both years were presented in (Table-1). The seasonal variation in psyllid nymphal abundance was associated with changes in temperature, relative humidity and rainfall, as well as the availability of suitable tender flush on the host plant. During 2024, (Table-1) showed the first appearance of nymphal population of D. citri were recorded in the 8th standard meteorological week with a population of 0.90 nymph twig-1. The population increased progressively during the following weeks and reached 21.60 nymph twig-1 in the 12th SMW followed by a gradual decline. The population decreased to 1.40 nymph twig-1 in the 17th SMW and became nil from the 18th to 34th SMW. 
 A second period of population occurrence commenced in the 35th SMW 1.85 nymph twig-1 were recorded. Thereafter the population increased sharply and reached 16.20 nymph twig-1 in the 36th SMW and 18.50 nymph twig-1 in the 37th SMW. The population subsequently fluctuated and increased again attaining the maximum population of 37.10 nymph twig-1 during 42nd SMW. Thereafter the population declined to 28.40 and 15.30 nymph twig-1 during 43rd and 44th SMWs respectively and became nil by the 45th SMW. The similar finding of early season increase population was also observed in the present study is comparable with the spring population build-up reported by Sharma et al., (2023) who also recorded a gradual increase in nymphal population on Kinnow and observed the first major peak in during April. Similarly (Devi and Sharma 2014) reported two major nymphal peaks during April- May and August- September with an abrupt decline during June- July.
During 2025-26 a broadly similar seasonal pattern was observed. The population was first recorded during the 9th SMW with 1.25 nymph twig-1 and increased to 18.60 nymph twig-1 in the 12th SMW. The population subsequently declined reaching 1.20 nymph twig-1 in the 17th SMW and remained absent from the 18th to 34th SMW. The population reappeared in the 35th SMW with 3.0 nymph twig-1 and subsequently increased to 9.50, 17.25 and 14.00 nymph twig-1 during 36th, 37th, and 38th SMWs respectively. The population further increased and its maximum density of 39.50 nymph twig-1 during 42nd SMW. Thereafter the population declined to 30.25 nymph twig-1 in the 43rd SMW and 6.50 nymph twig-1 in the 44th SMW becoming nil during the 45th SMW. Similar occurrence of two distinct periods of population activity was observed in the present investigation is supported by Wankhede et al., (2015), who also recorded two major periods of seasonal abundance of D. citri. on sweet orange with higher nymphal populations during February-March and August- September. The present finding is also consistent with the observations of Arora et al., (1997) on Kinnow mandarin who also reported that the major population peaks of D. citri were associated with the development of fresh vegetative flushes.
Correlation studies values were also calculated to determine the relationship between the population of citrus psylla and prevailing weather parameters viz., maximum temperature, minimum temperature, relative humidity and rainfall during 2024-25 and 2025-26. The value of correlation coefficients showed both positive and negative interaction between seasonal incidence of D. citri with existing weather variables which are presented in (Table- 2 and Figure 1&2).
During 2024-25 the (Table- 2 and Figure 1&2) psyllid nymphal population showed a positive and significant correlation with maximum temperature (r = 0.435*), minimum temperature (r = 0.469*), relative humidity (r = 0.425*) and rainfall showed negative non-significant correlation (r = -0.253NS). Similar trend was observed during 2025-26 when the citrus psylla population exhibited a positive significant correlation with maximum temperature (r = 0.457*), minimum temperature (r = 0.453*), relative humidity (r = 0.420*) and rainfall showed negative non-significant correlation (r = -0.038NS).The positive and significant relationship between maximum temperature and citrus psylla population observed in the present investigation is in agreement with the finding of Nehru et al., (2006) who reported a positive and significant correlation between psyllid population and temperature (r = 0.876). Similar finding also reported by Singh et al., (2024) significant positive correlations of citrus psylla population with maximum and minimum temperatures, with correlation coefficients of (r =0.52) and (r = 0.62), respectively. The positive and significant correlation with relative humidity observed in the present study was also reported by Sharma (2008), who found a positive relationship of minimum, maximum and mean temperatures as well as relative humidity with nymphal and adult populations of citrus psylla. The negative and non-significant correlation between rainfall and citrus psylla population observed during both 2024-25 and 2025-26 was also in agreement with the findings of Debbarma et al., (2024), who reported a negative and non-significant correlation between rainfall and D. citri population (r = -0.069) during the study.









Table 1. Seasonal abundance of nymphal population of Asian citrus psyllids’, D. citri on Kinnow during 2024-25 and 2025-26.
	SMW 2024 & 2025 
	Max. T. ℃
	Min. T. ℃
	R.H. (%)
	R.F. (mm)
	Psyllid nymphal population/twig

	
	2024
	2025
	2024
	2025
	2024
	2025
	2024
	2025
	2024
	2025

	8
	28.89
	26.64
	18.64
	17.53
	72.78
	73.78
	0.00
	0.00
	0.90
	0.00

	9
	29.28
	28.85
	18.32
	19.35
	74.57
	70.57
	2.77
	0.00
	1.50
	1.25

	10
	25.21
	29.67
	18.57
	20.00
	75.36
	64.92
	0.00
	0.00
	11.75
	12.50

	11
	30.35
	33.53
	20.64
	23.17
	72.07
	72.57
	0.00
	0.00
	13.10
	14.00

	12
	31.21
	33.10
	22.14
	22.67
	71.07
	68.64
	0.00
	0.00
	21.60
	18.60

	13
	36.21
	32.21
	27.00
	25.65
	69.50
	76.57
	0.00
	0.00
	15.95
	23.25

	14
	37.39
	37.35
	28.35
	28.00
	67.83
	59.00
	0.00
	0.00
	12.50
	28.75

	15
	38.50
	37.78
	28.35
	28.00
	72.14
	63.00
	0.00
	4.28
	11.95
	12.50

	16
	39.50
	38.78
	30.42
	29.82
	77.14
	59.14
	1.25
	0.00
	5.10
	6.75

	17
	40.85
	40.53
	32.07
	31.39
	67.50
	63.35
	0.00
	0.00
	1.40
	1.25

	18
	39.82
	36.78
	30.50
	29.25
	60.14
	70.35
	0.00
	0.00
	0.00
	0.00

	19
	38.71
	37.14
	30.25
	29.96
	68.85
	72.64
	0.00
	0.28
	0.00
	0.00

	20
	41.07
	41.78
	30.96
	33.57
	59.42
	68.92
	0.00
	0.00
	0.00
	0.00

	21
	41.69
	39.17
	31.42
	31.89
	63.71
	66.53
	0.00
	0.00
	0.00
	0.00

	22
	45.25
	37.57
	31.57
	32.10
	64.50
	77.64
	0.00
	4.00
	0.00
	0.00

	23
	44.32
	37.67
	29.42
	31.82
	55.71
	64.14
	0.00
	0.50
	0.00
	0.00

	24
	44.89
	40.78
	29.39
	33.46
	45.57
	76.78
	0.00
	6.14
	0.00
	0.00

	25
	42.03
	33.67
	28.78
	28.71
	65.50
	81.57
	4.57
	5.85
	0.00
	0.00

	26
	38.64
	33.39
	29.07
	28.85
	69.64
	85.50
	9.87
	6.92
	0.00
	0.00

	27
	34.67
	34.39
	28.00
	28.89
	80.14
	88.71
	7.21
	2.01
	0.00
	0.00

	28
	36.26
	32.14
	28.71
	28.46
	80.21
	88.28
	1.42
	23.15
	0.00
	0.00

	29
	35.89
	33.14
	29.42
	29.07
	79.07
	78.00
	1.51
	19.80
	0.00
	0.00

	30
	33.71
	32.35
	27.82
	29.10
	89.14
	88.42
	6.14
	11.34
	0.00
	0.00

	31
	33.82
	29.46
	29.28
	27.10
	90.07
	94.07
	7.35
	10.14
	0.00
	0.00

	32
	32.42
	32.71
	28.71
	28.00
	89.93
	88.64
	5.02
	9.92
	0.00
	0.00

	33
	33.67
	33.03
	28.89
	29.57
	87.43
	86.28
	4.97
	0.14
	0.00
	0.00

	34
	32.60
	32.42
	28.57
	31.32
	88.71
	85.78
	19.00
	5.24
	0.00
	0.00

	35
	32.71
	32.82
	28.42
	30.53
	79.93
	86.35
	6.75
	1.35
	1.85
	3.00

	36
	34.57
	33.10
	29.71
	29.42
	81.92
	84.21
	1.78
	2.57
	16.20
	9.50

	37
	32.60
	33.03
	28.64
	29.32
	85.64
	85.80
	2.17
	0.00
	18.50
	17.25

	38
	32.82
	32.71
	28.85
	29.35
	86.36
	84.71
	10.35
	2.57
	6.10
	14.00

	39
	33.46
	33.89
	28.50
	29.46
	88.14
	84.10
	28.78
	6.00
	2.80
	10.25

	40
	33.39
	30.82
	28.71
	26.57
	81.28
	87.73
	0.00
	2.42
	11.50
	19.75

	41
	33.82
	30.60
	28.85
	25.75
	78.85
	76.78
	0.00
	22.40
	13.10
	8.50

	42
	33.85
	31.85
	29.78
	25.92
	75.36
	70.85
	0.00
	0.00
	37.10
	39.50

	43
	33.28
	28.50
	29.39
	24.32
	76.07
	83.80
	0.00
	1.57
	28.40
	30.25

	44
	33.64
	26.64
	29.67
	21.86
	84.93
	85.00
	0.00
	4.50
	15.30
	6.50

	45
	31.00
	28.64
	27.14
	19.29
	72.78
	76.25
	0.00
	0.00
	0.00
	0.00



	Sr. No.
	Weather Parameters
	Correlation Coefficient (r)
	Correlation Coefficient (r)

	
	
	2024
	2025

	1
	Maximum Temperature
	0.435*
	0.457*

	2
	Minimum Temperature
	0.469*
	0.453*

	3
	Relative Humidity
	0.425*
	0.420*

	4
	Rainfall
	-0.253NS
	-0.038NS


Table 2. Correlation coefficient between population of D. citri and weather parameters during 2024-25 and 2025-26
           
Fig 1. Correlation coefficient between the population of Diaphorina citri on Kinnow with different weather parameters during 2024- 25.       

                      
Fig. 2. Correlation coefficient between the population of Diaphorina citri on Kinnow with different weather parameters during 2025- 26.                                       
Conclusion
The Asian citrus psyllid, Diaphorina citri, exhibited two distinct periods of seasonal activity on Kinnow mandarin during both 2024–25 and 2025–26 under Bundelkhand conditions. The population appeared during the early part of the observation period, declined to zero between the 18th and 34th standard meteorological weeks, and reappeared from the 35th SMW onwards. Maximum nymphal populations of 37.10 and 39.50 nymphs twig⁻¹ were recorded during the 42nd SMW in 2024–25 and 2025–26, respectively. These observations indicate that psyllid abundance varies considerably across the season and that regular surveillance during periods of population buildup may assist in the timely monitoring of this important citrus pest.
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Weather parameters 


Psyllid Nymphal population/twig




 Psyllid nymphal population/twig	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	0	1.25	12.5	14	18.600000000000001	23.25	28.75	12.5	6.75	1.25	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	3	9.5	17.25	14	10.25	19.75	8.5	39.5	30.25	6.5	0	Max. Temp.℃	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	26.64	28.85	29.67	33.53	33.1	32.21	37.35	37.78	38.78	40.53	36.78	37.14	41.78	39.17	37.57	37.67	40.78	33.67	33.39	34.39	32.14	33.14	32.35	29.46	32.71	33.03	32.42	32.82	33.1	33.03	32.71	33.89	30.82	30.6	31.85	28.5	26.64	28.64	Min.Temp.℃	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	17.53	19.350000000000001	20	23.17	22.67	25.65	28	28	29.82	31.39	29.25	29.96	33.57	31.89	32.1	31.82	33.46	28.71	28.85	28.89	28.46	29.07	29.1	27.1	28	29.57	31.32	30.53	29.42	29.32	29.35	29.46	26.57	25.75	25.92	24.32	21.86	19.29	R.H. (%)	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	73.78	70.569999999999993	64.92	72.569999999999993	68.64	76.569999999999993	59	63	59.14	63.35	70.349999999999994	72.64	68.92	66.53	77.64	64.14	76.78	81.569999999999993	85.5	88.71	88.28	78	88.42	94.07	88.64	86.28	85.78	86.35	84.21	85.8	84.71	84.1	87.73	76.78	70.849999999999994	83.8	85	76.25	R.F.(mm)	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	0	0	0	0	0	0	0	4.28	0	0	0	0.28000000000000003	0	0	4	0.5	6.14	5.85	6.92	2.0070000000000001	23.15	19.8	11.34	10.14	9.92	0.14000000000000001	5.24	1.35	2.57	0	2.57	6	2.42	22.4	0	1.57	4.5	0	Standard Meteorological Weeks (SMW)


Weather parameters 


 Psyllid Nymphal population/twig




