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Impact of abiotic factors on build-up of citrus psylla, Diaphorina citri
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Abstract: Seasonal abundance of citrus psylla (Diaphorina citri) Kuwayama was studied on Kinnow mandarin under
Punjab conditions during 2012 and 2013. Population of D. citri was present throughout the year but only adults
found surviving during December and February. There was no nymphal population when maximum temperature was
> 39C or < 7C. Two population peaks of nymphs wer e observed, first in April-May and second in August-
September. Thereafter, there was abrupt decline in nymphal population during June and July during both the years
when the weather conditions i.e. maximum, minimum temperature (), relative humidity (%), rainfall (mm) and
sunshine (hrs) ranged from 24.4-44, 22.4-31.8, 25.5-100, 0-108.0 and 0-13.5, respectively. Highest peaks of adult
were found during May followed by June. With the decrease in temperature from the end of September, the
population of D. citri started to decrease and reached its lowest during winter season. Correlation analysis for both
the years indicated that maximum and minimum temperature, sunshine and rainfall were positively correlated with
nymphal, adult and mixed population but the effect of rainfall on adult population was non-significant, while relative
humidity was negatively correlated. The study is useful to find out the weak links of psyllid populations in relation to
abiotic factors and that could be exploited to curb its infestation and disease transmission.
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INTRODUCTION (Gravena, 2005)D. citri can be found throughout the
year and it can cause damage to their host plants i
various ways but the most serious damage is caused
adults through transmitting plant diseases (Yetnal.,
2010). Researchers across the world are working on
behaviour and ecology db. citri to find out weak
links in psyllid populations that could be explaitéo

Citrus is the most extensively grown fruit cropriopical
and sub-tropical regions of 114 countries with entr
production of 91 million tonnes in the world (Singh
al.,, 2008). Brazil ranks first in citrus production
followed by USA and ChinaCitrus is commercially

grownt throughout Ir;g|a ang o?cgtplesf i’;\g.lace o(;(prlm curb its infestation and disease transmission. NHewe
Importance among theé major Iruits of India, andkean India, information on the impact &f. citri is scanty

thir?j aftt.er mango ?nq bf\;zgna. Its s?a((;)hin tott fr since late 1960s (Sharma, 2008; 2010 and Shatma
production in country 1S 12.6 per cent with an ager al.,, 2011). Thus, in the context of climate change, th

productivity of 9.32 tonnes per ha. In Punjab (&)di field stud ; :

. i y was undertaken on the population flatitun
citrus has 48.54 thousand h? .(64'0%) with a tOtaIin relation to abiotic factors on Kinnow mandarm i
production and average productivity of 990.64 thods Punjab (India)

tonnes and 20.1 tonnes/ha, respectively (Anonymous,

2013). The psyllid, Diaphorina citri Kuwayama MATERIALSAND METHODS
(Hemiptera: Psyllidae) is currently one of the most
important pests of world citriculture. It was diseoed

in 1907 in Taiwan and is today distributed acrasssl

The studies on the population dynamics were coaduct
from January to December during 2012 and 2013 in
: ; - ; the Fruit Research Farm, Department of Fruit Saenc
countries of South Asia, regions of the Middle East . ; N )

undt Y ! g ! = Punjab Agricultural University, Ludhiana. The nyraph

the Southern region of the United States, and in . :
Central America, the Caribbean and South Americaand adult populations of citrus psylla were recdree

(Halbert and Manjunath, 2004). This insect hasweekly. interval on _ Kinnow  plants. _The ny_mphal
become greatly important because it is the vedtthe population was recorded from 10 cm apical portibs o

: : : . _twigs per tree while the adult population of psi/lvas
\llavar\](;;c;naretgfr\itctgautsoesthr;uagﬁllgggqb|n\?es(;:letlr: s O?rerﬁ;:]t% recorded from underside of leaf lamina from 10 plde

leaves/plant. Nymphal and adult counts made at
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weekly intervals were pooled month-wise and were
correlated with minimum and maximum temperatures
(°C), relative humidity (%), rainfall (mm), sunskin

(hrs) and rainfall (mm) separately as well as mixed
population. The daily meteorological data were
obtained from the School of Climatic Change and
Agricultural Meteorology, Punjab Agricultural

University, Ludhiana. All the parameters were
statistically analyzed following Gomez and Gomez
(1984) as well as SPSS and Microsoft Excel softaare

RESULTSAND DISCUSSION

The fluctuation of population oDiaphorina citri

Kuwayama (Figs. 1-2) varied with different montts o
the year. Population dd. citri was present throughout
the year but only adults found surviving during
December and February due to extremely low
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Fig. 3. Average adult and nymphal population of D. citri
during different months in relation to temperatuf®C),
relative humidity (%), rainfall (mm) and sunshineulns
(hrs) over the years (2012 and 2013).

temperature. During winter season when the minimum

daily temperature fell below 7.4°C, there was a
decrease in adult population i.e.1.74 and 1.86ts/d0l

of D. citri observed at the beginning of both the years
could be due to unfavourable weather conditions and

leaves (December) and 1.28 and 1.54 adults/10 deavdow over-wintering adult population of the pest.igts

(January), respectively in 2012 and 2013 with no
nymphal population during this period. Low popudati
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Fig. 1. Average adult and nymphal population of D. citri
during different months in relation to temperatuf¥C),
relative humidity (%), rainfall (mm) and sunshineuhs
(hrs) during 2012.

350 [ESSS Max Temp {0 C)

vvvvvv

C——IMinTemp (0 C)
—e— Adult/10 |

22273 55 {hrs)

eeeee —m— Nymph/10 an apical portion

—e—RH(%)

300

250

200

150

100

50

b

Aug Sept Oct Nov Dec

Fig. 2. Average adult and nymphal population of D. citri
during different months in relation to temperatuf®C),
relative humidity (%), rainfall (mm) and sunshineuhns
(hrs) during 2013.

in agreement with Lakr&t al (1983) who reported
that the population db. citri declined from 40 during
November to 27 and 20 adults/32 leaves in December
and January, respectively due to rainfall and low
temperature during winter seasons. The gradualrise
daily minimum and maximum temperature from late
February with decrease in relative humidity proved
conducive for the build-up of the nymphal populatio
which reached at its highest peak during April 62.7
(2012) and 57.46 (2013) and 60.08 nymphs (pooled
data)/10 cm twig. The overwintering population was
also responsible for the increase in nymphal pajmuia
during April. The highest mixed population Df citri
was found during the month of May when the
maximum, minimum temperature (°C), relative
humidity (%), rainfall (mm) and sunshine (hrs) radg
from 29.2-46.2, 17.8-31, 24-55, 0-1.6 and 0-12.6,
respectively. The high population during March and
April could be due to new flush as well as condaciv
environmental conditions as also reported from
Rajasthan (Pande, 1971) and Haryana (Ladtral.,
1983). Mild winter followed by a favourable spring
and pre-monsoon rains during April provides sugabl
conditions for a high population build-up of nympha
population. Lakraet al. (1983) observed resurgence in
nymphal population from second week of April to the
beginning of May and Sethi (1967) reported that
population of D. citri reached at its maximum in
March which corroborate the present findings. Tikis

in agreement with Atwalet al (1970) and Pande
(1971). However, Sethi (1967) reported that rains
received in end of March resulted in decline in
nymphal population which was in variation with the
present studies. The pest remained activeCdrus
medicafrom first week of June to the end of July,
second week of September to the end of December and
the second week of February to the end of April,
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Table 1. Correlation and regression between adult, nymphdl raixed population oD. citri with different abiotic factors
during 2012 and 2013.

Parameters Correlation during

2012 2013
Simple correlations (r) Adult Nymphal Mixed Adult yiiphal Mixed
Max. Temp. {C) 0.87** 0.44 0.87** 0.89** 0.56 0.91**
Min. Temp. {C) 0.78** 0.38 0.78** 0.80** 0.49 0.81**
Rel. Humidity (%) -0.80** -0.16 -0.66* —-0.59* -0.33 -0.58*
Sunshine (hrs) 0.56 0.24 0.53 0.54 0.43 0.60*
Rainfall (mm) 0.03 0.34 0.22 0.43 0.12 0.35

Multiple correlations (R)

2012 2013
R nymph= 0.79 R=0.63 Ruymph = 0.59 R=0.35
R aqut =0.98 R =0.97 Ragut = 0.93 R=0.87
R mixea = 0.94 R=0.88 Rmixes = 0.93 B=0.82

Multipleregression line (2012)

Y nymph=-197.80 + 10.86X— 9.13% + 0.70)¢ — 1.31X% + 0.48X%
Y aduit = 235.66 — 3.91X+ 4.36 X — 2.42%— 2.19X, + 0.05X%

Y mixed = 37.86 + 6.95X— 4.77X% — 1.72X — 3.50% + 0.54%
Multipleregression line (2013)

Y nymph = —191.74 + 7.20%— 4.43% + 1.20X— 0.23% — 0.05X%
Y aquit = 156.51 — 3.06X+ 3.70% — 1.78% + 1.33X%, + 0.08X%
Ymixed =—35.23 + 4.15X—0.73% — 0.58%+ 1.10%,+ 0.13%
Where, % = Maximum temperature®C); X, = Minimum temperature°C); X; = Relative Humidity (%);
X4 = Sunshine (hrs); g& Rainfall (mm)

Correlation is significant at the 0.01** level a@d5 level*

during which the nymphal population peaked threeThe impact of extremes of weather parameters
times, i.e. end of June, end of November and midl Ap appeared to be more pronounced against the nymphs
in West Bengal (Sahu and Mandal, 1997) which arethan the adults. A significant rise of nymphal
similar to the nymphal population reaching at its population was observed during August (55.92
highest peak during April i.e. 62.7 (2012) and 7.4 nymphs/10 cm twig) when the daily maximum and
(2013) and 60.08 nymphs (pooled data)/10 cm twig.minimum temperature (°C), relative humidity (%),
However, Ahmedet al (2004) recorded that citrus rainfall (mm) and sunshine (hrs) ranged from 27.7-
psylla population peaked in August and April but 35.6, 23.6-29.4, 60.5-96, 0-90 and 0-11.6, respelgti
showed that environmental factors had almost noThe population was quite high till the end of Augus
effect on the population build-up of citrus psylaich and thereafter psyllid population started decliningy
was at variation to the present studies. be due to non-availability of sufficient fresh gribw
Rise in maximum temperature coupled with low and other environmental conditions as also repdried
relative humidity during June and July and no new Mercadoet al. (1991). But due to change in temperature
flush could be responsible for low nymphal popwlati  coupled with increase of relative humidity, the pyral

of citrus psylla (Figs. 1-3) when the maximum, population reduced from 37.2 nymphs/10 cm twig in
minimum temperature (°C), relative humidity (%), October to 0.2 nymphs/10 cm twig in December
rainfall (mm) and sunshine (hrs) ranged from 2444-4 (2012) and from 41.3 to 0.5 in 2013 (Fids2). Teck
22.4-31.8, 25.5-100, 0-108.0 and 0-13.5, respdygtive et al (2011) found thaD. citri population fluctuates
Viraktamath and Bhumannavar (2002) reported thatthroughout the year on Honey mandarin but nymphs
the population ofD. citri was found usually high were generally higher during the rainy seasorfricen
during March-April and July-August which was in October to January than during the dry season which
conformity with the present studies as well as alsoat variation to the present findings due to the fhat
reported by Sharma (2008). only adults could be there for whole year but nyaiph
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Table 2. Correlation and regression between adult, nymphdl raixed population oD. citri with different abiotic factors
(pooled data of 2012 and 2013).

Simplecorrelations (r) Adult Nymphal Mixed
Max. Temp. {C) 0.88** 0.50* 0.89**
Min. Temp. (C) 0.79* 0.43* 0.79%
Rel. Humidity (%) —0.69** -0.23 —0.61**
Sunshine (hrs) 0.54* 0.33 0.57**
Rainfall (mm) 0.23 0.19 0.28
Multiple correlations (R)
Raymph = 0.59; R=0.35
Rutr = 0.95; R=0.90
Rumixes = 0.91, R=0.82

Multipleregression line

Y oympn = —191.74 + 7.20%— 4.43% + 1.20%— 0.23%, — 0.05%
Y agut = 156.51 — 3.06X+ 3.70% — 1.78% + 1.33%, + 0.08%
Ymied = —35.23 + 4.15X— 0.73% — 0.58%+ 1.10%, + 0.13%

Where, % = Maximum temperaturé€g); X, = Minimum temperature’C); X; = Relative Humidity (%); % = Sunshine (hrs);
Xs= Rainfall (mm); Correlation is significant at th@®0** level and 0.05 level*

population was not found during December-Januaryfindings of Sharma (2008) and Gupta and Bhatia
The change in temperature coupled with increase 0f2000) who recorded the peak populations of adwjts
relative humidity reduced the nymphal population the end of April i.e. 20.3 and 22.7/10 cm shoots.
from October to December (2012), from 41.3 to @.5 i During summer season, there were noticeable diifere
2013 and 39.25 to 0.34 nymphs/10 cm twig (pooledbetween nymphal and adult numbers which could be
data) (Figs. 1-3). Similar observations were alsodue to rise in maximum temperature (>39°C) and low
recorded by Lakret al. (1983) who reported that the relative humidity. The peak population of adult was
nymphal population declined to less than 1.5/13)swi found during the month of May and it remained quite
during October and November and rapid fall in the high till the end of July. During this period, the
population of both nymphs and adults during maximum and minimum temperature (°C), relative
December when mean weekly minimum temperaturehumidity (%), rainfall (mm) and sunshine (hrs) radg
fell from 24.9C in September to 226 in December. from 24.4-46.2, 17.8-31.8, 24-100, 0-108 and 0-12.6
Sharma (2008) observed that adult population of ofrespectively. Yamamotet al (2001) reported that the
psyllid was very low during December and January bu highest population density &. citri occurred during
with the increase in temperature in the end ofthe end of spring season and the beginning of summe
February, the activity of adults increased andelvess  season which was similar to the present findings.
a significant increase in nymphal population during Thereafter, with the gradual decrease in tempezatur
March (41-47 nymphs/ 10 cm apical portion) whereas,and increase in relative humidity affected the
Atwal et al. (1970) observed that at temperature of reproduction of adults and so it decreased drdistica
40.0-45.0°C both the adults and nymphs died withinduring both the years (Figs. 1-3). This was inaton
few hours but was not observed in the current etudi as reported by McFarland and Hoy (2001) who
however maximum temperature > 39°C and <7°Creported an increase iD. citri population survival
were found detrimental for nymphal population or with increasing relative humidity in Florida. Tszial
females did not lay eggs. (2002) who observed peak population @f citri in

In the present study, the maximum population ofttadu October, November and December in 1998. In
D. citri was observed in May during 2012 (89.53) and Karnataka, peak populations of psylla were recorded
2013 (78.46) and then in the month of June i.e3F1. during January (Bhumannavar and Singh, 1985) which
(2012) and 64.22 (2013) adults/10 leaves. The highewas in variation with the current study may be tlue
adult population and lower nymphal population dgrin location factors. There was an appreciable decrigase
this period demonstrated that adults were muchenard adult population during winter (November to mid
to withstand the hot and dry weather than nymphs. T February). The population dynamics of psyllid was n
decrease in relative humidity or increase in teaipee  significantly different during both the years.

during April-May may have a direct impact on the The correlation (Tables 1-2) between nymphal, adult
emergence of adults but the subsequent increase @nd mixed populations oD. citri with monthly
relative humidity and rainfall had negative infleen ~ maximum and minimum temperature (°C), relative
The results in the present studies corroborate théwumidity (%), rainfall (mm) and sunshine (hrs) stealw
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that the maximum and minimum temperature (°C), psylla, Diaphorina citri. International Journal of

sunshine (hrs) and rainfall (mm) were positively Agriculture and Biology6: 970-973. N

correlated with nymphal, adult and mixed population Anor"\%_m_oltjs (2f0:3)_- Flrt“'t Aréea, tp“;‘?“g?'o” and Proiditg.
B : INIStry or Agriculture, Govt. ot India.

but the _(—:_‘ffect of rainfall on adult pop_ulatlon W?S Arora, P.K; Thind, S.K; Nirmaljit, K; Grewal, |.%nd Kaur,

non-significant for both years. The relative hurtyidi

. . N. (1997). Population dynamics of citrus psylla,
was negatively correlated with nymphal, adult and  pjaphorina citri Kuwayama on Kinnow mandarin in

mixed populations of both the years (Table 1). Nehr relation to temperature and relative humiditydian

et al. (2006) reported that there was a positive and  Journal of Ecology24 (2): 179-183.

significant correlation (r = 0.876) between psyllid Atwal, A.S; Chaudhary, J.P. and Ramzan, M.R. (1970).

count and temperature which corroborate with the  Studies on the development and field population of

present study. Rao and Pathak (2001) also recorded Ccitrus psylla,Diaphoprina citri Kuwayama (Psyllidae:

maximum number of adults . citri in June in Homoptera)B.Jgurna(ljoSf_RehsegrgW:ls‘;%?:s-Bsg. i

Meghalaya and found a positive correlation with Bhumannavar, B.S. and Singh, S.P. (1985). Studigmopo-
3 . . lation dynamics of citrus psyllaDiaphorina citri

minimum temperature and sunshine which was also

. . . Kuwayama (Psyllidae: hemipter&ntomon 10: 63-66.
observed in this study. Aroret al (1997) obtained a 5ymez )+l<.A. (anél Gomez pA./f (1984). Statistical

positive correlation between temperature and byl Procedures for Agricultural Research™ ZEds. John
population and a negative correlation with relative Wiley and sons, Inc. London, UK. 13-175 pp.

humidity, however, Sharma (2008) reported thatGravena, S. (2005). Practical Handbook of Ecoldgica
minimum, maximum and mean temperatures, relative =~ Management of Citrus Pest. Gravena, Jaboticabal, SP,
humidity and vapour pressure had a positive ratatio Brazil. ] )

with both nymphal and adult population whereas wind GuPta, D. and Bhatia, R. (2000). Population dynarofasie
velocity had very low impact on adult populatiorheT citrus psylla,Diaphorina citri Kuwayama in lower hills

.7 L S of Himachal PradestPest Management and Economic
co-efficient of determination @ indicated that all Zoology 8: 41-45.

abiotic factors contributed about 63.0, 97.0 andd88 | jpert SE. and Manjunath, K.L. (2004). Asianrut
(2012), 0.19, 76.0 and 74.0 (2013) and 0.17, 8dd a psyllids (Sternorryncha: Psyllidae) and greenirgpdse

77.0 (overall) per cent build up of nymphs, adaltsi of citrus: a literature review and assessment sK im
mixed population, respectively. Florida.Florida Entomology 87: 330-353.

. Lakra, R.K; Singh, Z. and Kharub, W.S. (1983). Patiah
Conclusion dynamics of citrus psylleDiaphorina citri Kuwayama

. . in Haryanalndian Journal of Entomology5: 301-10.
Population ofD. citri was present throughout the year Mcfarland, Clint D. and Marjorie A. Hoy (2001). Sival of

but only adults found surviving during December arjd Diaphorina citri (Homoptera: Psyllidae), and its two
Feb_ruary dug to extremely .Iow temperature but with parasitoids, Tamarixia radiate (Hymenoptera:
the increase in temperature in the end of Februhey Eulophidae) and Diaphorencyrtus —aligarhensis
activity of adults increased. At the same timepw | (Hymenoptera: Encyrtidae), under different relative
population of nymphs was also recorded and humidities and temperature regimeorida Entomology
thereafter, the population of both adults and nysnph 84:227-33.

increased but significant increase in nymphal Mercado, B.G; Pableo, F; Gavarra, M.R. and Gonz&les,
population was observed during April. A decrease in (1991). Population studies and biological contrél o
nymphal population was recorded during June-July Dr'ggﬂfr’]””Zigggs'éuﬁﬁaem&‘“ﬁhei'n”;ﬁ;’ée"f(;frsogﬂgus
Wh?” the adult popqlatlon attaln_e(_j its highest peak Ignternat?onal Asia Pacific V\F;(F))rkshop on ?ntegrated
during May. The maximum and minimum temperature  Citrys Health Management, June, 24-3Kuala
(°C), sunshine (hrs) and rainfall (mm) were posity Lumpur, Malaysia, pp. 105-17.

correlated with nymphal, adult and mixed populatio Nehru, R.K; Bhagat, K.C. and Koul, V.K. (2006). Biojoof
but the effect of rainfall on adult population was Diaphorina citri Kuwayama orCitrus sinensigOsbeck.
non-significant. The relative humidity was negalyve Environment and Ecolog@4: 443-448. .
correlated with [nymphal, adult and mixed populsio Pande, Y.D (1971). Biology of citrus psyliBiaphorina
of D. citri. The information can, therefore, be used to ~ Citr Kuw. (Hemiptera: Psyliidae)israel Journal of
find out weak links in psyllid populations in ratat to Entomology6: 307-311.

biotic fact for its effecti P— Rao, K.R. and Pathak, K.A. (2001). Field evaluatidn o
abiotic factors for Its effeclive management p : indigenous germplasm of citrus against insect pests

Indian Journal of Hill Farming 14: 117-119.
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