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Sequential sampling plans with fixed levels of precision for Asian citrus psyllid, Diaphorina citri Kuwayama

(Hemiptera: Psyllidae) adults in citrus orchards in Southern Iran

F. PARSIX and SH. SHAHROKHI

Iranian Research Institute of Plant Protection, Agricultural Research, Education and Extension Organization (AREEO), Tehran, Iran

Abstract

Asian citrus psyllid, Diaphoina citri, is one of the most important pests of citrus in Southern Iran, mainly because it is the vector of
causal bacterium of Greening disease. In this study, adults of D. citri were sampled using yellow sticky traps (10x25 cm) at 52 citrus
orchards of Kerman and Hormozgan provinces in south of Iran. Taylor’s power law and Iwao’s regression methods were used to study
spatial distribution of the adult pest. Taylor’s power law and Iwao’s parameters then were used to create Green’s and Kuno’s sequential
sampling models at 10 and 25 percent fixed precision levels, respectively. Results revealed that adults caught by traps had an aggregated
distribution pattern based on both Taylor’s power law and Iwao methods. Green’s sequential sampling plans developed by Taylor’s
parameters were more appropriate than Kuno’s ones. In obtained sequential sampling models, sample sizes were reduced and performance of
plans for rapid estimation of population was increased by increasing density of Asian citrus psyllid adults. Increasing fixed precision level
from 25% to 10% resulted in up to 6-7 times increasing in number of traps required to estimate population density of adults. So, green’s
sequential sampling model at integrated pest management precision level (25%) is recommended because of less time needed for monitoring
D. citri adults.
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Table 1. Taylor’s Power law and Iwao’s patchiness regression statistics (= SE) for Diaphorina citri adults

Taylor’s Power law

Iwao’s patchiness regression

n a b MSE

a B MSE r

47 1.086 +1.040 1.051 £0.021 0.057

-0.0135 £ 0.043 1.059 £ 0.012 0.075 0.994

n: number of data set

ol s an 45 5 S5 (s 4 4 5e 3311 515 2l
edoid esls LS Y s s Ladice sla b aslin OIS
23 5 A3 YO By w3 58 Jde fiomes Ll
2l L sl o) (7 JS08) 555 e b S15 5 5
S i 1l &S (6 sbas 3 ls illes Tsai ef al. (2000)
Sl @l S s a sldls ls pa ses glad e
b ey oS (55 DS o gl ey JolS S 2
Shahrokhi s Hutchison et al. (1988) ismen .13 S !
sladis i olie 5l 5 4 and Amir-Maafi (2011)
Bl Cmmarr e (Sl ladlis (g5l a0
—¢.x_~._<7 A gy g\ 7203 Acyrtosiphum  pisum (Harris)

Al ey Lt a4 oS gl 3 5 IS
oS a4 ged $31001 Gladlos (guls i ses sladde s
03 ot g sladie 3 3y (Sa S35 a5 Comex
VoA YO 5y i (51 L 4 sel 5310 5 s ol
(cilisen SloST 5 53 ol WV ) s>l LB sbay do s
Voo ma by op S die s e sl il )
S oSS D0l 53 Jomy Comar e Sl Ao
Y4 s L feg slaas ool {’)N Wi e s S 6 i sue
p@:&«&@&hﬁéb—ﬁoﬁdiuw&:.u
:)ﬂf_ 3oy (4 503 83101) 35 55 90 4l Sldal (s ;> YO
i a3 g 3o Ve ST e 3 e
Y Ao ,s YO i ch.ﬂ).a TP J”.'cl‘;tﬁ‘f. 4 gad 511
VY 4o Loy Ve g;_"eséa_wﬁ JPERES- Sysl p als sus
s e 5 Sl e el I3 Bl o e
T 3 el i S Sl esliial 5 en g 0L Lo ys )

5 =g sk 55, Mohaghegh et al. (2016) ka5
dHS DLl e (pldd RS1 s el Sl
Shahrokhi and Amir- -y —oees .J=S |5 |, N. cymoides
DS sla bl e 8l 1y ysks is, Maafi (2011)
Aol jese i Sl Er— J_f—r.)\_;f s plad
s2d a5 s 2 53 5 Elliot and Kieckhefer (1986)
058 4SS Ldewy e ol 0 O glaans 51 658 Sle
sl adlis (ols massed sladds g 6l = 55 ol
el Sl
YOS el s L (ladlis (508 4 sed slade
ol massad ladds s 1y (ols mas gad BB g5 b sl
s 0D 55k La sl Sl eslisal b et ag (slis
Sl S8 w93 5 (55 B ) Sl 5 (25
oLz (Ao s YO) sl s ey s 5 (Ao yn ) Y)
5L 5 me 45 5103 055 e boglat sl 5l eslizal L das s
oS b DS o bl g Comorr S0l e 51
DB sl s dolad jsba s ds ke ol 6l p s S
03 baals 3 el sled sla ey rees Slalp g an S
absl i Lot 2lad U (g)ls i sa 5 ey a5 Bl il
Al
SLadice <8 sl OLES (F JK5) e 4 (sladite byl
Gl b wlal S o 8 5, sl (ls pas g
3555 G sladde 5l e L e 4 sk 2l 0506
Vo sy C]a_W);P)S Gol3 asad Jde 53 Sl e
BEYCE KV VWO B WO W LG - SR PL I WS
555l e 8 S 5y e als e 51 S



\YY

ol L 55 5 S e 3 p s dses 1 S
ssban SLS e bl oy JolS ke Caner oS5
C3s w5 S Jde sl Jrals glaedle LB
0 sy S 5l JalS o i 1S5 il L doys YO 518
oYl albsue Ve Ve 5l wsel s3I0l i S e
iyl Sl bl ) D3l ialS A e
U 55 opdimee ol iy 5,1 isllas Tai er al. (2000) Ll
ol oS (505 DS o bl fo Comax (S15 5153
-5y ladde SIS 5 4Bl [EalS el 831000 ¢ it
Dl ST ) e 3 eslizad ) sllls (s

Al o

A0 g 5 ) oyled AF W 1 alS glaslow 5 BT

el Wl 5 e (deo s YO) T iy oy pds o
bl s 31 ol i gl B 5 Olo L3 g b o
Vo oBs e 3 asges 3101 035 Sz s LS
e gl p sl sl (55158 50 it sl s g Ao
Iy dwoys Ve s Cja" L Jobe 3l eslazel Tsai er al. (2000)
S Ty s s ol wised 83101 o p S s
Yo &8s c]aw L oldlos (6515 pa pad Jde g osls Lasels
LS o ol s o8 Sl i by sl 1 Aoy
s S a5 2l el LS (55,
s ohe & pas 5311 (1 (6,1 a5 g0 Slade 3
idllas 53 0y (S 55 Comex o105 4 S35

Cumulative No. of Diaphorina citri adults

«
Il
&

¢
1
I
[}
I
[

Jle 5 do 3 Y0 o) J;C}Lﬂl{wﬁdhéld@;L@bﬂd}g s P

QLTSJA@@TMJASQ\JJ}WML;\J{M)JYO CJ:CJGMLJ}:}S

Fig. 3. Sequential sampling stop lines for Gpreen's plan at fixed precision levels of 10% and

25% and Kuno's plan at fixed precision level of 25% to estimate Diaphorina citri adults

dmo 5 DS o bl e S 22 L
Sl masised ladds Sl @ a5 L romen 354 0
(Elliot et al., 2003) L3l s Ciloe 3blis ;3 gladlis
03 ko YO LB e b (651 el ped e 555 o0 slgiy
Ol s 5 Oltes Ol ASle il ol (281, bl sl

5,8 3 eslenad 500 5 ag 5

3y o 5 Gl 53 edel ez S a5 L
Sl ol 51 S o bl Jog JolS i 0L sl
laIls (gols i gas gladie g5 ¢l 2 o5k8 ol 050
YO LB mhaw L (6ols i ped Je e 3 50 03Lin
el 0l a5 DU il oyl gl o &S oy

LS G v 3l s S s |3 4 (Southwood, 1978)



... Diaphorina citri .o\.S &L.....'I Jomy oS Ol i Comesr 51 ol s b sldlas (6505 i ped el S als 5 )l YA

References

AMIR-MAAFI, M. 1997. Sequential sampling of adult Sunn
Pest, Eurygaster integriceps Puton. in wheat fields of
different areas of Iran. Research Report of Sunn Pest
Comprehensive Project, Iranian Research Institute of
Plant Protection, 126 pp. [In Persian with English
summary].

AMIR-MAAFI, M., B. L. PARKER and M. EL-BOHSSINI,
2007. Binomial and sequential sampling of adult sunn
pest, Eurygaster integriceps Puton. pp. 115-121. In:
Parker, B.L , Skinner, M., El Bouhssini, M. and
Kumari, S. G. (eds.). Sunn Pest Management: A
decade of progress 1994-2004. Published by Arab
Society for Plant Protection, Beirut, Lebanon.

BOVE, J. M, J. L. DANET, K. BANANEJ, N.
HAASANZADEH, M. TAGHIZADEH, M. SALEHI,
and M. GARNIER, 2000. Witches' broom disease of
lime (WBDL) in Iran. In: Proceeding 14" Conference,
International  Organization of Citrus Virology,
Riverside, CA, pp. 207-212.

BUNTIN, G. D. 1994. Developing a primary sampling
program. In: Pedigo, L. P. and Buntin, G. D. (eds.).
Handbook of Sampling Methods for Arthropods in
Agriculture. CRC Press, Boca Raton, Florida, pp. 99-
115.

COSTA, M. G, J. C. BARBOSA, P. T. YAMAMOTO and
L. R. MOREIRA, 2010. Spatial distribution of
Diaphorina citri Kuwayama (Hemiptera: Psyllidae) in
citrus orchards. Scientia Agricola, 67: 546-554.

ELLIOTT, N. C. and R. W. KIECKHEFER, 1986. Cereal
aphid populations in winter wheat: Spatial distributions
and sampling with fixed levels of precision.
Environmental Entomology, 15: 945-958.

ELLIOTT, N. C., K. L. GILES, T. A. ROYER, S. D.
KINDLER, F. L. TAO, D. B. JONES and G. W.
CUPERUS, 2003. Fixed precision sequential sampling
plans for the green bug and bird cherry-oat aphid
(Homoptera: Aphididae) in winter wheat. Journal of
Economic Entomology, 96 (5): 1585-1593.

GREEN, R. H. 1970. On fixed level precision sequential
sampling. Research in Population Ecology, 12: 249-

251.

HALBERT, S. E. and K. L. MANJUNATH, 2004. Asian
citrus  psyllids (Sternorrhyncha: Psyllidae) and
greening disease of citrus: a literature review and
assessment of risk in Florida. Florida Entomologist,
87(3): 330-353.

HALL, D. G. 2009. An assessment of yellow sticky card trap
as indicators of the abundance of adult Diaphorina citri
(Hemiptera: Psyllidae) in citrus. Journal of Economic
Entomology, 102(1): 446-452.

HALL, D. G., M. G. HENTZ and M. A. CIOMPERLIK,
2007. A comparison of traps and stem tap sampling for
monitoring adult Asian citrus psyllid (Hemiptera:
Psyllidae) in citrus. Florida Entomologist, 90 (2): 327-
334.

HARCOURTD, G. 1961. Design of a sampling plan for
studies on the population dynamics of the diamond-
back moth, Plutella maculipennis (Curt.) (Lepidoptera:
Plutellidae). Canadian Entomologist, 93: 820-831.

HOLLINGSWORTH, C. S. and C. A.GATSONIS, 1990.
Sequential sampling plans for green peach aphid
(Homoptera: Aphididae) on potato. Journal of
Economic Entomology, 83 (4): 1365-1369.

HUTCHISON, W. D., D. B. HOGG, M. A. POSWAL, R. C.
BERBERET and G. W. CUPERUS, 1988. Implications
of the stochastic nature of Kuno's and Green's fixed-
precision stop lines: sampling plans for the pea aphid
(Homoptera: Aphididae) in Alfalfa as an example.
Journal of Economic Entomology, 81(3): 749-758.

IWAO, S. 1977. The m*-m statistics as a comprehensive
method for analyzing spatial patterns of biological
populations and its application to sampling problems,
pp- 21-46. In: Morisita, M. (ed.) Studies on methods of
estimating population density. Tokyo press, Japan.

JENKINS, D. A, D. G. HALL and R. GOENAGA, 2015.
Diaphorina citri (Hemiptera: Psyllidae) abundance in
Puerto Rico Declines with elevation. Journal of
Economic Entomology, 108(1): 252-288.

KUNO, E. 1969. A new method of sequential sampling to
obtain the population estimates with a fixed level of
precision. Research in Population Ecology, 11: 127-
136.



A

MOHAGHEGH. J., M. AMIR-MAAFI, S. SHAHROKHI,
and A. PIRHADI, 2016. Spatial distribution of the
canola false chinch bug, Nysius cymoides (Hemiptera:
Lygaeidae). Plant Pest Research, 5 (4): 13-23.

MOHISENI, A. A, M. S. SOLEIMANNEJADIAN, G.
RAJABI and M. S. MOSADDEGH, 2009. Fixed
precision sequential sampling plans to estimate Sunn
Pest, Eurygaster integriceps Put. (Hem.: Scutelleridae)
population using sweep net in rainfed wheat fields in
Borujerd. Journal of Sustainable Agricultural
Knowledge, 19(1): 119-132. (In Persian with English
summary).

MOHISENI, A. A., M. S. SOLEIMANNEJADIAN and G.
RAJABI, 2009. Fixed precision sequential sampling
plans to estimate overwintered Sunn Pest (Eurygaster
integriceps Put.) population in rainfed wheat fields in
Borujerd. Journal of Plant Protection, 32(1): 33-47. [In
Persian with English summary].

ONSAGER, J. 1976. The rationale of sequential sampling
with emphasis on its use in pest management. USDA
Technology Bulletin, No. 1526, 19 pp.

PARSI, F., M. ASKARI SIAHOUYI and S. RANJBAR,
2012. A compilation the geographic information
system distribution of Asian citrus psyllid, Diaphorina
citri Kuwayama ( Hemiptera: Psyllidae) In Iran by
GIS. Final Report, Iranian Research Institute of Plant
Protection, 23 pp.

RAKHSHANI, E. and A. SAEEDIFAR, 2013. Seasonal
fluctuations, spatial distribution and natural enemies of
Asian citrus psyllid Diaphorina citri Kuwayama
(Hemiptera: Psyllidae) in Iran. Entomological Science,
16 (1): 17-25.

SAS INSTITUTE, 1999. SAS/STAT user's guide, version

A0 g 5 ) oyled AF W 1 alS glaslow 5 BT

6.1, SAS Institute. Cary, NC.

SEVACHERIAVN, V. and M. STERN, 1972. Spatial
distribution patterns of Lygus bugs in California cotton
fields. Environmental Entomology, 1: 695-704.

SHAHROKHI, S. and M. AMIR-MAAFI, 2011 Sequential
sampling plan of Metopolophium dirhodum (Walker)
(Hemiptera: Aphididae) in wheat fields. Applied
Entomology and Phytopathology, 31 (1): 69-82.

SIAMPOUR, M., K. IZADPANAH, A. AFSHARIFAR. M.
SALEHI and D. TAGHIZADEH, 2006. Presence of
phytoplasma in the insect collected from lime gardens
infected to witches brooms disease. Plant Pathology,
42: 139-158.

SOUTHWOOD, T. R. E. 1978. Ecological methods with
particular reference to the study of insect populations,
second edition, Chapman & Hall, 524 pp.

TAYLOR, L. R. 1961. Aggregation, variance and the mean.
Nature, 189: 732-735.

TRET'YAKONV, N. 1984. The distribution of the apple
weevil and the apple sucker in orchards. Zashchita
Rastenii, 9: 42-43.

TSAL J. H.,, J. WANG and Y. LUL 2000. Sampling of
Diaphorina citri (Homoptera:Psyllidae) on orange
Jessamine? in southern Florida. Florida Entomologist,
83 (4): 446-459.

VAN DEN BERG, M. A, V. E. DEACON and P. J.
STEENKAMP, 1991. Dispersal within and between
citrus orchards and native hosts, and nymphal mortality
of vcitrus psylla, Trioza erytreae (Hemiptera:
Triozidae). Agriculture, Ecosystems and Environment,
35:297 -309.

WALD, A. 1947. Sequential analysis. John Wiley and Sons,
NewYork, 212 pp.



... Diaphorina citri (o\S &L.....'I Jomy oS Ol i Comesr 51 ol s b sldlas (6505 i ped el S als 5 )l

\F-



