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ABSTRACT

Field experiments were carried out to study the population dynamics of citrus psylla, Diaphorina citri Kuwayama on Kinnow Mandarin for
twelve years (2007-08 to 2019-20) in relation to different weather parameters and to develop population prediction model. Adult psyllids were
observed throughout the year but the population was very low during November-January. Two population peaks were observed during March
and September. Highest mean population (80.8 nymphs/25 twigs) was observed during second fortnight of September which varied in different
years. Psyllid population showed significant and positive correlation with maximum and minimum temperature, vapour pressure, wind speed,
sunshine hours, rainfall and negative correlation with relative humidity and number of rainy days. A weather-based model was developed to
predict psylla population seven days in advance. The validation of the model carried out using various indices viz, root mean square error,
coefficient of determination, Nash-Sutcliffe efficiency and mean bias error suggested that, the model predicted the population of citrus psylla
quite satisfactorily. Thus, the developed model can be used satisfactorily for weather-based prediction of citrus psylla in Punjab, seven days in
advance.
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Citrus is an important fruit crop of India, being grown
over an area of 1003 thousand ha with a total production of 12546
thousand metric tonnes. Among citrus, mandarins are grown over
an area of 428 thousand ha with production of 5101 thousand metric
tonnes (Anonymous, 2023). Kinnow is reported to be attacked
by about 45 insect and mite pests in Punjab (Singh et al., 2016).
One of the major constraints that limit productivity of Kinnow is
the damage caused by Asian citrus psyllid (ACP), Diaphorina citri
Kuwayama (Hemiptera: Psyllidae). Diaphorina citri has emerged
as the most important sap-feeding insect pest of citrus throughout
the world (Hall ez al., 2013). Both the nymphs and adults of citrus
psylla cause damage by sucking plant sap from young twigs,
leaves, flower buds and fruits resulting into heavy drop of young

flush and fruits. More importantly, ACP vectors a phloem-limited
bacterium, Candidatus liberibacter asiaticus (CLas), a causative
agent of Huanglongbing (HLB), also known as ‘citrus greening
disease’ (Pelz-Stelinski ez al., 2010).

Generally, Kinnow growers adopt chemical control of
citrus psylla once they notice the incidence of the pest. There is a
considerable lag period of 10-12 days between the start of insect
attack, its build up and finally its detection by the farmers. Till the
insect population becomes noticeable, considerable damage might
have already occurred through the buildup of insect population.
To avoid such instances of unnoticed damage, some prophylactic
application of insecticides can be helpful which is generally not done
by the farmers, but the prophylactic application is required in this
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case to manage the buildup of the population. However, prophylactic
application of insecticides without any prior information on chances
of occurrence of insect-pest may be environmentally damaging
as well as uneconomical by unnecessarily increasing the use of
insecticides. As monitoring is often constrained in time and space,
it is important to have a model or decision support system capable
of estimating the population of insect in advance. Weather based
prediction models have been successfully developed for Helicoverpa
armigera Hubner in chickpea (Sagar et al., 2017) and Zeugodacus
(Bactrocera) cucurbitae (Coquillett) (Halder et al., 2022). These
studies/works highlight the importance of weather-based pest
population prediction models but development and application of
pest and disease models to analyze and predict occurrence of insect
is still a challenge for the scientific community. The present study
was therefore carried out with an objective to develop a weather-
based population prediction model for citrus psylla.

MATERIALS AND METHODS
Data collection

The citrus psyllid population data were collected from
experimental fields continuously for twelve years (2007 to 2019
except during 2012) at Fruit Research Farm, Punjab Agricultural
University (PAU), (30°54°01.9”N, 75°47°40.2), Ludhiana (Punjab),
India. The experimental field (0.4 ha area) consisted of about 111
Kinnow trees planted at a spacing of 6 x 3 meters. Observations
on the population of psylla adults were recorded throughout the
year at 15-day intervals by visual observation from 25 shoots/
plant and 10 randomly selected plants were marked for the study.
The mean number of psylla adults was calculated. The data on
weather parameters recorded at Agrometeorological Observatory,
PAU, Ludhiana were obtained from the data records maintained at
Department of Climate Change and Agricultural Meteorology, PAU,
Ludhiana. To predict the impact of weather parameters on citrus
psylla population, correlation studies were carried out between
psylla population and meteorological variables. In the development
of the psylla prediction model, the weekly meteorological data of
the seven days preceding to the day of citrus psylla observation was
used (if insect data was recorded on 15%, then the weather data was
from 1* to 7* day of the month).

In case of maximum temperature, minimum temperature,
morning relative humidity, evening relative humidity and bright
sunshine hours, seven days average was used while in case of rainfall,
total rainfall of seven days was used. The weather and pest data for
eight years from 2007 to 2015 were used for the development of
citrus psylla population prediction model and four-year data from
2016 to 2019 was used for validation of the developed model.

Identifying the significant weather parameters

In order to identify the weather parameters having
significant influence on psylla population, the coefficient of
determination (R*) was worked out. The weekly (seven days
preceding to the day on which psylla data was recorded) weather
data from 2007 to 2015 and corresponding psylla data at 15 days
interval was used for calculation of R% The values of R? greatly
increased after applying the log transformation to the psylla count.
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Log transformation was applied as Gomez and Gomez (1976)
suggested that insect count data having wide range of variations
should be log transformed before further analysis.

Development of psylla population prediction model

Based on the statistically significant values of R?
maximum and minimum temperatures, duration of bright
sunshine, morning relative humidity and THI were selected for the
development of the citrus psylla population prediction model. Log
transformed {Log (x+10)} data were used to develop relationship
between insect count and the selected meteorological variables.
Weather parameters having only statistically significant impact on
psylla population were selected based on significant R? values.

Validation and error analysis

The output of any model needs to be validated before the
application of the model to different set of environmental conditions
under which the model was developed. The multiple regression
model between Log transformed citrus psylla population data
(dependent variable) and weather parameters along with THI (as
independent variables) was validated by using four years (2016 to
2019) data., which was not used in the development of the model.
The validation was done by using the index of agreement (Willmott,
1981), co-efficient of residual mass (Loague and Green, 1991),
Nash-Sutcliffe efficiency (Nash and Sutcliffe, 1970), root mean
square error (RMSE) and the mean bias error.

RESULTS AND DISCUSSION
Seasonal dynamics of citrus psylla

The present study on seasonal dynamics of citrus psylla
revealed that the adults of citrus psylla started to build up from the
first week of March and maximum population was recorded during
two months i.e. March (61.6 adults /25 twigs) and September (80.8
adults / 25 twigs) (Table 1). Thereafter, the population declined.
The lowest population of adults was observed during winter months
from November to February. The variation in the population during
different years was due to the effect of weather parameters. The
gradual rise in daily minimum and maximum temperature from
late February with decrease in relative humidity proved conducive
for the build-up of population. High population of psylla has been
reported from July to August with peak during April and again in
August in Punjab (Sharma, 2008) and Gujarat (Bhut ez al., 2013).
The population of D. citri attained its first peak during 1% week of
May in Tamil Nadu as observed by Poovizhiraja et al., (2019). Only
adult psyllids were reported to survive during December-February
months in Punjab due to extremely low temperature (Devi and
Sharma, 2014). Mild winter followed by a favourable spring and
pre-monsoon rains during April provides suitable conditions for
build-up of population of citrus psylla (Table 1).

Apart from these direct data on meteorological parameters,
a temperature-humidity index (THI) was also calculated as THI has
been used widely (West et al., 2003, Dikmen and Peter, 2009) to
study the combined effect of temperature and humidity. The weekly
temperature and humidity data of the seven days preceding to the
day of citrus psylla observation was used for calculation of THI as
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Table 1: Population of Diaphorina citri and weather parameters of Ludhiana, Punjab during study period (2007-2015)
Insect Min. temp. Max. temp. Vapour pres- . Rainfall ~ Relative hu- Wind Rainy
Month count ©C) (°C) sure (mm)  Sumshine ()= midiy %) P days
YU (Km/h)  (No.)
January 33 6.8 16.9 8.1 5.1 29.1 81.5 3.8 2.8
February 39.8 10.0 21.0 9.1 7.6 39.7 74.1 4.6 35
March 61.6 15.0 27.3 12.8 8.8 19.2 66.0 4.0 24
April 25.2 20.7 33.8 11.5 9.9 18.9 443 5.1 2.0
May 28.8 25.2 36.8 13.8 9.4 22.1 42.8 6.0 1.8
June 42.7 27.5 36.6 20.6 7.2 88.0 57.6 6.8 5.8
July 473 27.5 333 243 6.8 2227 76.9 5.5 7.8
August 61.6 27.0 32.8 24.8 6.9 198.8 80.8 43 8.6
September 80.8 24.7 31.9 21.7 8.1 77.9 77.1 3.4 33
October 17.7 18.8 30.1 14.3 8.0 14.2 67.2 2.7 1.1
November 1.0 132 24.8 9.7 6.3 33 65.5 2.4 0.6
December 0.2 8.6 18.3 9.0 5.4 7.3 76.0 3.1 1.0
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Fig. 1: Relationship between weather parameters and citrus psylla population (log transformed data)
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Table 2: Correlation between population of Diaphorina citri and
weather parameters during study period (2007-2020).

Weather parameters Correlation coefficient
Maximum temperature 0.52
Minimum temperature 0.62
Mean temperature 0.61
Morning RH -0.09
Evening RH 0.38
Vapour pressure 0.73
Wind speed 0.31
Sunshine 0.43
Rainfall 0.55
No. of rainy days -0.05

Table 3: Validation of the citrus psylla population prediction model

June 2024

explained previously. The temperature-humidity index (THI) was
calculated following Mader e? al., (2006).

THI = (0.8 x T°C) + [(RH/100) x (T°C — 14.4)] + 46.4

where T = average daily temperature and RH = average daily
relative humidity.

Correlation coefficients of the relationship between
adult population of citrus psylla during study period and weather
parameters are presented in Table 2. The correlation coefficient
indicated that maximum, minimum and mean temperatures, wind
speed, sunshine and evaporation had high positive correlation
whereas relative humidity and number of rainy days had negative
impact on the psylla population. In the log transformed data,

Statistics Year
2016 2017 2018 2019

Observed mean 38.42 3291 34.88 33.59
Predicted mean 36.28 38.57 34.92 33.93
Percent deviation -5.56 17.20 0.13 1.02
Standard deviation (SD) 31.90 29.80 33.80 32.90
Half of SD 15.95 14.90 16.90 16.45
RMSE 9.91 10.60 10.84 7.97
R? 0.52 0.38 0.52 0.85
F value 11.38 6.43 11.38 59.50
Probability level P<0.01 P<0.01 P<0.01 P<0.01
Index of agreement (IA) 0.78 0.75 0.74 0.87
CRM 0.06 -0.17 0.00 -0.01
Nash Sutcliffe efficiency 0.00 -0.04 0.00 0.01
MBE -0.43 1.13 0.01 0.07

Number of observations=24

influence of temperature (both maximum and minimum), bright
sunshine hours and morning relative humidity on psylla count was
found to be statistically significant (Fig. 1). Positive correlation of
psylla population with maximum, minimum temperature, sunshine,
rainfall, evaporation, wind speed and negative with bright sunshine,
morning and evening relative humidity and vapour pressure was
reported by various workers in India (Patel and Patel, 2006; Sharma,
2008; Bhut et al., 2013; Poovizhiraja ef al., 2019). Maximum and
minimum temperatures were found to have significant positive
correlation with guava fruit fly, B. zonata (Saunders) (Sharma et al.,
2015).

Development of psylla population prediction model

The multiple regression analysis between Log transformed
citrus psylla population data (as dependent variable) and maximum
and minimum temperatures, duration of bright sunshine, morning
relative humidity and THI (as independent variables) resulted into
the following model with R?=0.564:

Y=0.02892-0.03304*Tmax+0.00797*Tmin+0.03791*SSH-

0.0028625*RHmM+0.03203*THI

Where Y: psylla count, Tmax: maximum temperature, Tmin:
minimum temperature, SSH: duration of bright sunshine, RHm:
morning relative humidity and THI: thermal humidity index.

The model was developed by using 192 observations
on psylla population and selected meteorological parameters. The
R square, adjusted R square and F values of 0.5636, 0.5519 and
48.0429 indicated a good agreement of the model to the observed
data.

Validation of the developed model

The model was validated by using various indices (Table
3), among them the four-year average of observed and predicted
population was almost similar. On average basis, the model over
predicted the population by 2.8 per cent only. The value of RMSE
also suggested that the model predicted the psylla population quite
satisfactorily. Even the highest value of RMSE for 2018 was lower
than the half of standard deviation of the observed data; therefore,
it was also categorized as low. Singh et al., (2004) suggested that
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RMSE values less than half of the standard deviation of the measured
data may be considered as low. The coefficient of determination
(R?) was statistically highly significant as evident from high values
of F and very low probability levels. The index of agreement (IA)
also indicated that the developed model predicted the population of
citrus psylla quite satisfactorily as a computed value of 1 indicates
a perfect agreement between the measured and predicted values
(Willmott, 1981) and in the present case all values were greater than
0.74. The coefficients of residual mass (CRM) also depicted that
the developed model predicted the population quite accurately as its
value was near to zero and zero value of CRM represents a perfect
fit. The Nash-Sutcliffe efficiency also represented that the model
was able to predict the psylla population satisfactorily as in all
cases its value was above zero. The mean bias error (MBE) values
were near zero which means the model prediction was close to the
observed values (Table 3).

The overall results of validation suggested that the
performance of the model according to different indices was
satisfactorily to excellent during different years under study. Thus,
the developed model will be helpful in forewarning the farmers
to manage the pest as it predicts the incidence of psylla attack
seven days in advance so that the farmers can timely adopt control
measures.

CONCLUSION

Two population peaks of citrus psylla, Diaphorina citri
Kuwayama on Kinnow Mandarin were observed during March and
September months. Highest population (80 nymphs/25 twigs) was
observed during second fortnight of September. Psyllid population
showed significant and positive correlation with maximum and
minimum temperature, vapour pressure, wind speed, sunshine
hours, total rainfall and negative correlation with relative humidity
and number of rainy days. A weather based psylla population
prediction model was developed to predict psylla population seven
days in advance. The model was validated satisfactorily by using
Root mean square error (RMSE), Coefficient of determination,
Nash- Sutcliffe efficiency and Mean Bias Error. Thus, the developed
model can be used satisfactorily for weather-based prediction of
citrus psylla in Punjab, seven days in advance.
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