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Abstract
Keywords Spotted alfalfa aphid, Therioaphis maculata is one of the most important aphid species,
Kriging, Site Specific IPM, and Hippodamia variegata is important predator in alfalfa fields.This research investigated
Spatial autocorrelation, the spatial structure to achieve site-specific integrated management in an alfalfa field

Semivariance, Variograph - . . - A
emivariance, variography located in Boroujerd County, Lorestan province with an area of seven-hectare, divided into

130 grids of 25 x 25 m. Sampling of aphids and ladybirds was done using a 1 X 1m

quadrat, and in each grid, two quadrats were thrown randomly, and the number of

ladybirds inside the quadrats was counted. For aphids, six stems were selected and counted

from each quadrat. The results for T. maculata showed that 16 sampling datasets were fit

with a spherical model, and two datasets with an exponential model, out of 18 sampling

datasets. For the ladybird, 14 data showed a better fit with a spherical model and 8 data
Received: 12 April 2024 with an exponential model (a_ total of 22 sampling datasets). The degree of spa_tial
Revised: 29 July 2024 dependence for the above aphid was between 0.742 and 0.999, and for the ladybird,
Accepted: 6 August 2024 between 0.500 and 0.999, which shows that more than 50% of the variability between the
data has a spatial structure. The distribution pattern of both species was aggregative, and
the effective range for the aphid species was between 90.6 and 556.2 m. in the spherical
model and between 102.6 and 357.5 for H. variegata. Preparation of distribution maps for
this natural enemy and prey allows for maintaining the population of natural enemy at the
field level by implementing site-specific integrated pest management.
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Table 1. Geostatistical characteristics of Therioaphis maculata population in the alfalfa field in Boroujerd County.

Sampling date  Model Nugget Sill Range (m) Effective range DD (%) R? RSS
(m)

2022.06.07 Spherical 0.15 18.16 226.8 226.8 0.992 099 0.741
2022.06.14 Spherical 0.01 20.05 224 224 0.999 0.99 1.70
2022.06.21 Spherical 0.23 26.86 2141 2141 0.991 098  6.39
2022.06.28 Spherical 2.26 23.25 200.3 200.3 0.903 099 288
2022.07.05 Spherical 0.54 20.9 151.1 151.1 0.974 097 833
2022.07.12 Spherical 1.1 20.03 159.3 159.3 0.945 0.94 15.8
2022.07.19 Spherical 1.22 20.13 124.2 124.2 0.939 0.55 164
2022.08.09 Spherical 0.16 19.21 90.6 90.6 0.992 0.41 194
2022.08.16 Spherical 0.33 22.13 135.3 135.3 0.985 0.71 118
2022.08.23 Spherical 0.78 30.81 173.4 173.4 0.975 091 597
2022.08.30 Spherical 3.08 29.46 158 158 0.895 096 211
2022.09.06 Spherical 3.02 23.74 156.6 156.6 0.870 0.94 16.8
2022.09.13 Exponential 4.1 39.2 325 975 0.895 0.98 7.65
2022.09.20 Spherical 4.09 34.13 556.2 556.2 0.880 099 4.28
2022.09.28 Spherical 3.13 29.02 472.7 472.7 0.892 099 344
2022.10.05 Spherical 2.69 29.54 478.2 478.2 0.909 099 3.6
2022.10.12 Exponential  2.73 23.92 157.8 4734 0.886 097 7.12
2022.10.20 Spherical 3.92 15.22 219.7 219.2 0.742 0.90 10.9
Ok 0)S wyp 1 e gbdle S sebhie 4 plbtle gonaSll by, 5l Liesh cnl o

Soleimani & Madadi (2015) Shayestehmehr (2014)
,» Ghahremani et al.(2021) , Klein et al. (2017)
W3S e M o 1, rem Sy o Laslallias
lsly jo Ghogsy ol )lelime; ool sy s
b soloptiges slagu b pled o0 (358 (i sla gy
St s ls i @y glaxkd S G S5 4 g
Oeizmed g 092 b wodls G (e (Sanly 4250 9 b
AL VY e o b Jhees Slge ST LS o oS
Syge SlaisS (reas ATy 8 Slo o5 Wl ol
laaisS (ol Comoz 392 e (nl (e (S (Sicly 5 )L
2 mimen ols olas 59,8 Jae b1y il o ki
GBS g g ho 5l VL glaskad 1 50lie o lge yiiv
= &2 o el ly s polio dadiges o alold SRul33l
Cros 4y Slattee o ;0 (glaakad 31 5 auS o lag il
polie 3lse il 53 Jas 53y g Su35 i

J Appl Res Plant Prot

Syl piges (oSl ol I a5 wys 5 oolatwl (5,18 pdiges
adlaio (ols Jide Cprizred g dged (SauSly jualS s sl
gm0 o 18 Lo Lzt jo dibie o] 511 Sledlbl iSTos
Wilge  (Bolal Djpa AL e 0 diges bkl

(McBratney et al. 1981)
a2 18 L lasl o dedases STy oS L alal, o
DSl 68 el gy g,y 5l ool b alisee pubime
Ole 4 Wlosges asllas 1) 550 sbodale 5 Olyis JlSG
o S8 STy ogw Schotzk & Keeffe (1989)
wsxl Williams et al. (1992) .Lygus hesperus knight
Limonius californicus Mannerheim Jgae ¢,5 ST,
Jezadle 6,5 &z S #5985 Wright et al. (2002)
&9 Katebi Far et al. (2019) 4 Ostrinia nubilalis L,

$




OF-F) AY-AA (V) VF 30l 0 (3,5 slo g,

A4

(Liebhold et al. 1993) wily glaskss il jao yé yolis

Sl yss 0ligS Joolgs 10 g G i laa )0 il lg comw
BYo ggose (nl wpoee Li 053l a5 SWSU

Dy g Ol s dzigy ac 30 4o Hippodamia variegata S jgaiss coxes (5 kol pe) Slasin ¥ Jgus

Table 2. Geostatistical characteristics of Hippodamia variegata population in the alfalfa field in Boroujerd County.

Sampling date  Model Nugget Sill Range (m)  Effective range (m) DD (%) R? RSS
2022.05.10 Spherical 0.01 14.01 3146 314.6 0.999 095 8.08
2022.05.17 Spherical 0.01 1759 3575 357.5 0.999 096 8.89
2022.05.24 Spherical 0.28 9.97 256.3 256.3 0.972 097 271
2022.05.31 Spherical 0.43 1434  230.7 230.7 0.970 093 123
2022.06.07 Spherical 2.95 12.13 1459 1459 0.757 082 11.3
2022.06.14 Exponential  9.02 18.05 710.9 2132.7 0.500 0.17 153
2022.06.21 Exponential  0.01 13.63 327 98.1 0.999 0.83  5.06
2022.06.28 Exponential  0.01 7.82 31.7 95.1 0.998 081 3.68
2022.07.05 Spherical 0.17 7.36 198.5 198.5 0.977 093 340
2022.07.12 Exponential 0.63 9.18 33.7 101.1 0.931 090 1.74
2022.07.19 Exponential  0.01 9.96 35.3 105.9 0.999 0.79  6.64
2022.08.09 Exponential  4.77 9.54 533 1600 0.500 018 10
2022.08.16 Spherical 0.01 1521 219 219 0.999 092 212
2022.08.23 Spherical 1.67 13.4 155.1 155.1 0.875 096 3.10
2022.08.30 Spherical 2.22 9.09 189.9 189.9 0.752 0.88  4.82
2022.09.06 Spherical 0.01 13.01 1164 116.4 0.999 0.89 133
2022.09.13 Spherical 0.01 12.2 132.9 132.9 0.998 091 101
2022.09.20 Spherical 0.26 7.59 120 120 0.966 0.98  0.582
2022.09.28 Spherical 0.44 6.97 121.7 121.7 0.937 0.98 0415
2022.10.05 Exponential 3.53 11.9 195.4 587.7 0.703 096 1.15
2022.10.12 Exponential  0.01 7.99 39.4 118.2 0.999 083  4.89
2022.10.20 Spherical 0.01 8.75 102.6 102.6 0.999 092 2.63
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Figure 1. Population dynamic of Therioaphis maculata and Hippodamia variegata in the alfalfa field in Boroujerd

County.
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Figure 2. Semivariogram and contour maps of the Therioaphis maculata aphid population on different dates in the
alfalfa field of Boroujerd County.

2 ol b pleds 5 axin glhans S 5 b S pigas Jlye 2t po ol Gl gus 5| ol il
805 ol o3y 4 Oliee bl ol Dglite il Jpmd 2] Comar e iy Sam S sleais ol plas
3 2l Comozr b i 5 o5 Sl canbs lads Copnox Ol S5 S 550iaS iy S sloats a4y (ks Clis
& bl slo sg, (Soleimani & Madadi 2015) <ol bLs )| sob 4 |y bais Coser willgi oo Slojy oS jgaunas .clls
Sl 28T s b bl s els oledbl wiilgs oo S eaiiS g ans WS LSy a8 wes ialS ge
5 &)l paiges sl p b o aS was 18 L Lasl o Qilg oo gouxie Julge il G Sl g Sl Ll
oSl 5 Ml gy (rizman il 0l DB g e g dmig Ol ad e Gl e Elbil Jlo
h PB 2ds 5 Ll )l ptiges slaslp ol i @98 az 5 w3 8l cod axig gl 50 1) S jpunis
5 STy sleands ags (Ghahremani et al., 2021) a5 las Je I b s S jaaias gl ol oldé aue bbas
LG aeo o |y oSl opl I8 5 crmds lads Sonse a5 5,15 99y azig )l50 50 sl sl goaate 3 ol
Olads Comazr SBI gohy — S bl o sl S 1) SHeudS g il (o Gl Sl Elkil Jlso

g Lais de)je o )0 b ,9eb 5 Slgl,3 (Schellhorn & Andow 2005) aas )8 ,5b

ARPP
J Appl Res Plant Prot %.r




OF-H)AY-AAN (MNVF  KSpolS 0 g0, slo oy ay

2022.06.21 2022.06.28

e o
re wrse  we

PP ———
»rs
W S—— ey - B oo
or D-u—"“_“un .re _E,Q,_/—«-*—“'b’ﬁ_:;’
I bt
os e
ool P |
e mae  sees 4 = - e Tere  teres  smas  sweee

. | R—9 7 ki
-..-_‘.. -.n-_‘_. ~l.,---.

2022.07.05 2022.07.12 2022.07.19 2022.08.09

I T Tt i

- . v

2022.08.16 2022.08.23 2022.08.30 2022.09.06

ARPP
J Appl Res Plant Prot %.r




af

i (o iiSTy et ) o g (g

L s
o .-
i - B W - W
e —e g oo - TSR
a0 n
bos oo

OIS 16780 23036 21600 eTs WIee 2S00
Separmion Oistance S (nt

——— —

.
@ o

2022.09.13

2022.09.20

2022.10.12 2022.10.20

e

ER

Hocarmpie rnsgrmer
e oan—
[~ 4

= e =]
g =

rere 97 80 TV ey g

Sapar st Onot e

216 .00

2022.09.28

2022.10.05

Ol ol azsigy deyhe 0 calise glagy b, Hippodamia variegata 55048 Coxesr Ko S sbbaiis ¢ ol Solg com ¥ JSCo

Oy

Figure 3. Semivariogram and contour maps of the Hippodamia variegata ladybug population on different dates in the

alfalfa field of Boroujerd County.
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