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Introduction 

Citrus greening (CG) is the most notorious disease of 
citrus and significantly affecting its yield (Ma et al., 
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Abstract | Citrus greening (CG) or huanglongbing (HLB) is the major cause of citrus decline. 
The disease is currently prevailing in all districts of Punjab and posing severe threat to citrus 
production and export. The current research was designed with two objectives; (1) to study the 
population dynamics of Diaphorina citri, the vector of CG, and (2) to record the incidence of 
CG in different citrus growing areas of Punjab and estimation of losses caused by this disease. 
To study the dynamics of Asian citrus psyllid (ACP), a comprehensive survey of kinnow (Citrus 
reticulate cv. kinnow), musambi (Citrus sinensis cv. musambi) and feutrell’s early (Citrus reticulate cv. 
feutrell’s early) orchards was conducted in tehsil Sargodha during 2017 and 2018. Correlation and 
regression analysis were used to determine the relationship of ACP with CG, and the relationship 
of environmental factors with ACP. Surveys were conducted to record the incidence of CG and 
estimate the yield losses caused by it. The study of population dynamics of ACP revealed that 
ACP population was higher between 7th to 14th April and 11th to 18th September, during 2017 
and 2018. While, there was less ACP population between February 10th to 2nd March and 10th 
July to 30th July, during 2017 and 2018, respectively. There was significant and positive correlation 
between ACP population and CG on kinnow, musambi and feutrell’s early cultivars. Maximum 
and minimum temperatures and rainfall also showed positive and significant correlation with 
CG, while relative humidity showed not significant correlation with CG. During current study, 
maximum temperature, minimum temperature and rainfall explained maximum, i.e., 79, 76 and 
83% variability in ACP population, respectively. The incidence of CG was observed higher (45%) 
in Faisalabad while lower (21.67%) in Multan. Similarly, yield losses due to CG were recorded 
maximum (33.5%) in Faisalabad and lowest (15.5%) in Multan districts. The current findings will 
help in the effective control of CG in Punjab by the in time management of its vector.  

Novelty Statement | The epidemiology of D. citri and yield losses caused by CG have been stud-
ied first time in citrus belt of Punjab, Pakistan, during this research.
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2022). This disease has been in India and China since many 
years (Cui et al., 2022). CG is associated with a fastidious 
bacterium Candidatus laberibacter and spread through two 
species of psyllid Trioza erytreae and Diaphorina citri. 
Three species of C. laberibacter, i.e., africanus, asiaticus and 
americanus, are reported to be linked with CG. Among 
these species, the most widely and virulent species is 
asiaticus (Ramadugu et al., 2016). CG is associated with 
citrus decline and is prevalent in most parts of the world. 
CG has the ability to affect all cultivars of citrus, and is 
causing huge losses by decreasing the productive life span 
of trees. This disease has been reported to cause huge losses 
in Africa and Asia. 

During the attack of CG, the infected trees produce 
blotchy and yellow shoots, mottled leaves, and their leaves 
veins turned yellow (Bové, 2006). During severe attack, the 
canopy of the infected trees gradually becomes chlorotic, 
leaves size gets smaller, tree growth gets slow and leaves 
tips turn necrotic (Gottwald et al., 2007). CG produces 
sectored types symptoms in which some parts of trees 
remain healthy while others show symptoms. The other 
prominent symptoms are thickening of leaves, enlargement 
of veins and at the end corky appearance of veins. Infected 
leaves show typical symptoms of Zn deficiency and later 
on fallen off from infected twigs (Gottwald et al., 2007).

D. citri, Asian citrus psyllid (ACP), is the vector of 
CG, has a wide geographical distribution and is present 
in Middle East, Asia, America and Mauritius (Halbert 
et al., 2010). D. citri affects all grown cultivars of citrus 
and could be found on other species of family Rutaceae 
(Halbert and Manjunah, 2004). Among the Rutaceae 
species, the leading host is the mostly planted ornamental 
plant Murraya exotica (Bergmann et al., 1994), therefore, in 
CG management program; this plant is not recommended 
for landscaping. Efficient control of D. citri requires a 
detailed knowledge of their dispersion behavior and 
population dynamics. Thus far, very little research related 
to population dynamics of D. citri has been published. 
The overall objectives of this study were; (1) to study the 
population dynamics of D. citri, the vector of CG, and (2) 
to record incidence of CG in different citrus growing areas 
of Punjab and estimation of losses caused by this disease.

Materials and Methods

Population dynamics of ACP and role of environmental factors 
in its development

For population dynamics of ACP, a comprehensive 
survey of kinnow, musambi and feutrell’s early orchards 
was conducted in tehsil Sargodha during 2017 and 2018. 
Psyllid data was recorded during two seasons, February 
to April and July to September, during 2017 and 2018. 
The data was recorded after ten-days interval. Population 

of ACP was monitored by selecting trees randomly from 
center and four corners of each orchard. Population of 
ACP was recorded from top, middle and bottom portions 
of each selected tree and average number of adults per leaf 
was calculated (Zeb et al., 2011). Means were compared 
using Duncan’s Multiple Range test (DMRT) (Steel et al., 
1997). Line graphs were plotted to represent the data of 
ACP population at different time intervals. 

To determine the effect of environmental factors on 
ACP population, correlation and regression analysis were 
used (Steel et al., 1997). For this, the population data of 
ACP, recorded on three cultivars (kinnow, musambi and 
feutrell’s early) for two years 2017 and 2018, was used. 
The population data of ACP served as dependent variable 
while environmental data served as independent variable. 
Environmental data of Sargodha was collected from Distt. 
Meteorological Department, Sargodha. 

Monitoring of CG disease in citrus growing areas of Punjab 
and estimation of yield losses caused by this disease

A comprehensive survey was conducted in all citrus 
growing areas of Punjab. Total 120 orchards were selected 
in all citrus growing areas of Punjab for monitoring of 
CG disease and estimation of yield losses caused by CG. 
During survey of each orchard, four corners and middle of 
each orchard were selected. The trees were characterized 
as decline and partially decline by modifying Kamble et al. 
(2017) rating scale (Table 1).

Table 1: Modified rating scale for scoring citrus decline. 
Point 
scale

Illustration Reaction Characterization 

0 Zero Infection HR or I Healthy 
1 > 10% incidence R Healthy 
2 10-20% infected leaf area MR Healthy
3 20-40% infected leaf area MS Partially diseased
4 40-60% infected leaf area S Partially diseased
5 > 60% infected leaf area HS Fully diseased 

The CG disease incidence was recorded using the 
following formula. 

CG disease incidence (%) = Number of infected Plants/
Total number of plants x 100

For yield losses estimation caused by CG, 600 trees 
were selected in 120 orchards. Yield losses were computed 
by counting the number of infected fruits (showing clear 
greening symptoms) on fully and partially CG infected 
trees. The yield loss was determined using following 
formula (Cooke, 2006).
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Results and Discussion

Population dynamics of ACP during 2017and 2018
Mean number of adults of ACP at ten days interval 

showed significant (P > 0.05) variation during 2017 and 
2018 on kinnow, feutrell’s early and musambi cultivars 
in different orchards of Sargodha (Figures 1-4). Mean 
number of ACP were recorded higher during both years 
on three cultivars between 7th to 14th April and 11th to 18th 
September. While, least number of psyllids were recorded 
between February 10th to 2nd March and 10th July to 30th 
July, during both years on three cultivars. However, psyllid 
population declined after 21st April and 18 September 
during 2017 and 2018. Further, musambi showed higher 
psyllid population compared to kinnow and feutrell’s early 
(Figures 1-4). 

Figure 1: ACP mean number/ population during 
February to April on kinnow, feutrell’s early and 
musambi cultivars during year 2017.

Figure 2: ACP mean number/ population during July 
to September on kinnow, feutrell’s early and musambi 
cultivars during year 2017.

Figure 3: ACP mean number/ population during 
February to April on kinnow, feutrell’s early and 
musambi cultivars during year 2018.

Figure 4: ACP mean number/ population during July 
to September on kinnow, feutrell’s early and musambi 
cultivars during year 2018.

Correlation of ACP population with CG during years 2017 
and 2018 

ACP population significantly affected the CG 
incidence on three cultivars. There was significant 
correlation between ACP population and incidence of CG 
on three cultivars (Table 2). 

Table 2: Correlation of ACP population with CG.
Year Kinnow Musambi Feutrell’s early
2017 0.722*

0.001
0.773*
0.001

0.756*
0.001

2018 0.744*
0.001

0.765*
0.001

0.691*
0.001

Upper values indicate Pearson’s correlation coefficient. Lower values 
indicate level of probability at P = 0.05

Population Dynamics and Epidemiology of Diaphorina citri
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Relationship of ACP population with CG on three citrus 
cultivars during year 2017 and 2018

ACP population significantly influenced the incidence 
of CG on three citrus cultivars during year 2017 and 
2018. The relationship between ACP population and CG 
incidence on three cultivars was linear and positive, i.e., 
with the increase of psyllid population CG incidence also 
increased. Linear regression models explained significant 
contribution of psyllid population in the development of 
CG as shown by high R2 value, kinnow 0.52 and 0.55, 
feutrell’s early 0.57 and 0.48, and musambi 0.59 and 0.58, 
respectively, during years 2017 and 2018 (Figure 5-7). 

Figure 5: Relationship of ACP population with CG 
incidence (%) on kinnow cultivar during year 2017 (a) 
and 2018 (b). 

Figure 6: Relationship of ACP population with CG 
incidence (%) on feutrell’s early cultivar during year 
2017 (a) and 2018 (b).

Figure 7: Relationship of ACP population with CG 
incidence (%) on musambi cultivar during year 2017 (a) 
and 2018 (b).

Correlation of environmental variables with ACP population 
during year 2017 and 2018

Significant correlation was found between three 

environmental variables (i.e., maximum and minimum 
temperatures and rainfall) and ACP population, while 
there was not significant correlation found between relative 
humidity and psyllid population (Table 3). Maximum 
and minimum temperatures and rainfall were positively 
correlated with psyllid population during year 2017 and 
2018. However, the correlation of relative humidity with 
psyllid population was positive in year 2017 while negative 
in year 2018 (Table 3). 

Table 3: Correlation of environmental variables with 
ACP population during year 2017 and 2018.

Environmental 
variables

Kinnow Feutrell’s 
early

Musambi

Year-
2017

Max. temp. 0.834* 
0.003

0.843* 
0.002

0.816* 
0.004

Min. temp. 0.803* 
0.009

0.768* 
0.016

0.780* 
0.013

Relative 
humidity 

0.156ns 
0.688

0.157ns 
0.687

0.171ns 
0.661

Rainfall 0.809* 
0.015

0.821* 
0.012

0.835* 
0.010

Year-
2018

Max. temp. 0.890* 
0.001

0.827* 
0.006

0.751* 
0.020

Min. temp. 0.827* 
0.006

0.838* 
0.005

0.873* 
0.002

Relative 
humidity 

-0.225ns 
0.560

-0.269ns 
0.485

-0.295ns 
0.441

Rainfall 0.761* 
0.020

0.659* 
0.018

0.791* 
0.034

Upper values indicate Pearson’s correlation coefficient. Lower values 
indicate level of probability at P = 0.05

Effect of environmental variables on ACP population during 
year 2017 and 2018

The effect of three environmental variables, except 
relative humidity, was significant on three citrus cultivars 
in the development of ACP population as shown by high 
R2 values during year 2017 and 2018 (Tables 4-6). On 
kinnnow cultivar, regression models explained maximum 
variability in psyllid population due to maximum 
temperature 66% and 79%, respectively, during year 2017 
and 2018, while second maximum variability was due to 
minimum temperature 64% and 68%, respectively, during 
the same years (Table 4). On musambi cultivar, maximum 
variability (83%) in psyllid population was due to rainfall 
during year 2018, while second maximum variability 76% 
was due to minimum temperature during the same year. 
On musambi, during 2017, maximum variability 71% was 
due to maximum temperature followed by rainfall 69% 
(Table 5). On cultivar feutrell’s early, the regression models 
explained maximum variability 70% in psyllid population 
due to minimum temperature in year 2018 and second 
maximum variability 67% was recorded in year 2017 due 
to rainfall (Table 6).

S. Ahmad et al.
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Table 4: Regression models for the effect of 
environmental variables on ACP population on kinnow 
cultivar during year 2017 and 2018.
Environmental 
variables

Kinnow
Regression equation R square

Year-2017
Max. temperature (°C) *y = - 14.56+0.83 Max. temp. 0.66
Min. temperature (°C)  y = - 7.888+0.90 Min. temp. 0.64
Relative humidity (%) y = + 4.981+0.060 Rh. 0.24
Rainfall (mm) y = + 4.7546+0.59 RF. 0.65
Year-2018
Max. temperature (°C) y = - 37.14+1.67 Max. temp 0.79
Min. temperature (°C)  y = - 11.40+1.26 Min. temp. 0.68
Relative humidity (%) y = 19.52 -0.21 Rh. 0.05
Rainfall (mm) y = -0.71+19.52 RF. 0.61

*y = Citrus psyllid population. 

Table 5: Regression models for the effect of 
environmental variables on ACP population on 
musambi cultivar during year 2017 and 2018. 
Environmental 
variables

Musambi
Regression equation R square

Year-2017
Max. temperature (°C) *y = -13.24+0.76 Max. temp. 0.71
Min. temperature (°C) y = -8.27+0.96 Min. temp. 0.60
Relative humidity (%) y = +5.06+0.06 Rh. 0.02
Rainfall (mm) y = +4.95+0.67 RF. 0.69
Year-2018
Max. temperature (°C) y = -26.95+1.34 Max. temp 0.67
Min. temperature (°C) y = -12.03+1.44 Min. temp. 0.76
Relative humidity (%) y = 26.49 -0. 30 Rh. 0.08
Rainfall (mm) y = -1.31+1.27 RF. 0.83

*y = Citrus psyllid population.

Table 6: Regression models for the effect of 
environmental variables on ACP population on feutrell’s 
early cultivar during year 2017 and 2018. 
Environmental 
variables

Feutrell’s early
Regression equation R square

Year-2017
Max. temperature (°C) *y= -15.82+0.85 Max. temp. 0.65
Min. temperature (°C) y= -8.79+0.95 Min. temp. 0.58
Relative humidity (%) y= +4.50+0.06 Rh. 0.04
Rainfall (mm) y= +4.84+0.68 RF. 0.67
Year-2018
Max. temperature (°C) y= -34.78+1.63 Max. temp 0.61
Min. temperature (°C) y= -12.13+1.40 Min. temp. 0.70
Relative humidity (%) y = 24.43 - 0.28 Rh. 0.07
Rainfall (mm) y = 4.41 + 0.93 RF. 0.51

*y = Citrus psyllid population.

Incidence of CG in different citrus growing areas of Punjab 
and estimation of yield losses caused by CG 

CG incidence and the yield losses caused by it were 
significantly different (P<0.05) in different citrus growing 
areas of Punjab. Maximum CG incidence was observed in 
Faisalabad (45%), followed by Kotmomin (36.66 %) and 
Bhalwal (33.33%), respectively. Minimum CG incidence 
was observed in Multan (21.67 %) (Table 7). Yield losses 
due to CG were maximum in Faisalabad (33.56 %) followed 
by kot momin (28.22 %) and Bhalwal (24 %), respectively. 
Minimum yield losses were recorded in Multan (15.5 %) 
(Table 7). 

Table 7: Incidence of CG and yield losses due to CG in 
different citrus growing areas of Punjab.
Location Disease incidence (%) Yield losses (%)
Kot momin 36.66 a* 28.22 ab
Bhalwal 33.33 ab 24.00 bc
Sargodha 31.67 ab 18.44 cd
Shahpur 25.00 b 20.44 cd
Silanwali 31.67 ab 21.33 bcd
Sahiwal 30.00 ab 22.44 bcd
Multan 21.67 b 15. 56 d
Faisalabad 45.00 a 33. 56 a

* Means with similar letters in a row are not significantly different at 
P = 0.05

CG is very destructive disease throughout the world 
(Albrecht and Bowman, 2012; Fiaz et al., 2018). The 
current study revealed that correlation of ACP with CG 
was significant and positive during both years. It was 
observed that with the increase of ACP, CG incidence on 
three varieties also increased. This is consistent with the 
findings of Hall and Hentz (2019). They found strong 
correlation between ACP and CG. They further reported 
positive correlation between ACP and CG. ACP is in fact 
the vector of CG, its both high and low populations, having 
the ability to transmit the bacterium of CG (Ukuda-
Hosokawa et al., 2015). However, the transmission of L. 
candidatus through ACP may be slow due to low population 
of ACP (Ukuda-Hosokawa et al., 2015). A single adult of 
ACP may transfer 8.5% CG disease to number of seedlings 
in one week. Further, the transmission of CG depends on 
the stylet length and width of maxillary salivary canal of 
psyllid. Higher stylet length and wider maxillary salivary 
canal, increase the transmission rate of CG to citrus plants 
(Hall et al., 2013). There are several researches which show 
that nymphs of ACP are more efficient in acquiring CLas 
bacterium from diseased citrus trees than adults (Inoue et 
al., 2009; Pelz-Stelinski et al., 2010), whereas those adults 
which acquire CLas bacterium at the stage of nymph, are 
also highly important for disseminating CLas bacterium 
from diseased trees to healthy trees over long and short 
distances (Garzo et al., 2012). The strong correlation 
between ACP and CG confirmed that transmission of 
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CLas in our conditions is due to this insect vector.

The current research revealed that maximum 
and minimum temperatures and rainfall significantly 
contributed in the development of ACP population; 
however, the influence of relative humidity was not 
significant. This is in line with the findings of Fiaz et 
al. (2018) and Devi and Sharma (2014). The significant 
relationship of three environmental factors with psyllid 
explains that ACP population depends on these three 
environmental factors. Temperature significantly affects 
the increase or decrease of psyllid population (Bayles et 
al., 2017). The pattern of spread of psyllid population is 
driven by fluctuation in temperature (Bayles et al., 2017). 
Temperature has significant role in oviposition of ACP. 
Females of ACP can live for 300 days at 16 °C, but do not 
lay eggs (Fung and Chen, 2006); however, lay eggs when 
temperature is 26°C (Liu and Tsai, 2000). Females of D. 
citri lays more eggs at 28°C-32°C (Fung and Chen, 2006; 
Liu and Tsai, 2000). Temperature also impacts the survival 
of psyllid. ACP can survive up to 45°C and -6°C. The 
development, reproduction and longevity of ACP is also 
influenced by temperature (Liu and Tsai, 2000). 

The role of rainfall on the increase and decrease of 
ACP population was also significant. Sétamou et al. 
(2023) reported that heavy rainfall is linked with low 
population of psyllid, as this amount of rainfall washes 
out eggs and nymphs of psyllid, while low rainfall favours 
psyllid population (Devi and Sharma, 2014). The seasonal 
distribution of psyllid completely depends on the rainfall 
(Devi and Sharma, 2014).

Conclusions and Recommendations

The reason for studying the population dynamics 
of ACP is to take correct decisions for the effective 
management of this vector and CG disease in district 
Sargodha of Punjab province. The study revealed maximum 
population of ACP in first two weeks of April, and second 
and third weeks of September, hence, the farmers need to 
be vigilant during these two months and apply appropriate 
insecticides to control ACP. The current study provides 
the information of significant role of three environmental 
factors, viz., maximum and minimum temperatures and 
rainfall on the ACP population on three cultivars of 
citrus in Sargodha. However, maximum variability in the 
population of ACP is caused by rainfall, therefore, pest 
scouting is recommended during frequent rainfalls in the 
months of April and September in Sargodha. 
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