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Table 1. Taylor’s power law regression statistics (+SE) of two spotted spider mite, Tetranychus
urticae in red common bean fields in Borujerd during 2011-2012

Stages Sample Unit b+Se Log a+Se tstope N R®
2 leaves 1.36+0.04 1.22+0.03 8.78" 100 0.92

Eggs 4 leaves 1.33+0.04 1.22+0.037 8.25" 103 0.92
6 leaves 1.33+0.06 1.20+0.06 5.50" 40 0.93

2 leaves 1.4620.05 0.831+0.029 9.397 20 0.91

Nymph 4 leaves 1.43+0.044 0.80+0.026 9.77" 96 0.92
6 leaves 1.42+0.07 0.7520.05 6.00” 40 0.93

2 leaves 1.42+0.044 0.79+0.025 9.59” 95 0.92

Female 4 leaves 1.42+0.041 0.76x0.026 10.24” 98 0.93
6 leaves 1.45%0.06 0.70+0.042 750" 39 0.94

2 leaves 1.41%0.045 0.85+0.024 9.117 98 0.91
Female+Male+Nymph+ 4 |eayes 1.37+0.045 0.84+0.029 8.24" 98 0.91
Larvae 6leaves  135£006  081+0.042 58" 38 0.94

**The slope values (b) significantly>1, indicating a clumped distribution

35 Ol g 5o 3 o b 5150 5o Tetranychus urticae 143 ss 5 b 45 51T Jue ggmm S 5 sbaroloT ~YJ st
WA cadle b

Table 2. Iwao’s patchiness regression statistics (xSE) of two spotted spider mite Tetranychus urticae
in red common bean fields in Borujerd, during 2011-2012

Stages Sample Unit S+Se Log a+Se tstope N R?
2 leaves 2.89+0.46 19.42+2.91 4117 100 0.29

Eggs 4 leaves 1.89+0.25 26.52+3.60 356" 103 0.36
6 leaves 1.74%0.314 28.26+6.11 236" 43 0.43

2 leaves 3.42+0.43 3.360.65 5.62" 90 0.42

Nymph 4 leaves 2.36+0.23 4.54%0.75 591" 96 0.52
6 leaves 2.03+0.32 4.71+1.37 3.22" 40 0.51

2 leaves 2.64+0.282 3.750.69 5.86 95 0.50

Female 4 leaves 1.7620.21 4.88+1.02 3.627 100 0.41
6 leaves 1.77+0.25 4.87+1.64 3.08" 39 0.58

2 leaves 2.45%0.32 5.71+1.044 4537 98 0.39
Female+Male+Nymph+ 4 leaves 1.83+0.20 7.91+1.48 415" 98 0.48
Larvae 6 leaves 1.58+0.14 6.68+1.46 414" 38 0.78

**The slope values (b) significantly>1, indicating a clumped distribution
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Table 3. Comparisom of Taylor and lwao regression statistics of Tetranychus urticae adults, nymphs, larvae and
eggs using 2, 4 and 6 leaves sample units

. Female Nymph
Sample Unit Stages Model Borb aor Loga Borb aor Loga
Eggs Taylor 1.04™ 1135 1.547 9.46™
2 leaves Iwao 0.486™ 5.25 0.85™ 5.4
Nymphs Taylor 0.542" 1.14 - -
Iwao 1.554 0.415" - -
Egas Taylor 1.684 10.29: 1.69 9.41"
4 leaves Iwao 0.407™ 5.844 1.382 6.042"
Nymphs Taylor 0.053™ 1.056 - -
Iwao 1.905 0.269" - -
Eggs Taylor 1.46 6.836 1.008 5.96"
6 leaves Iwao 0.70™ 0.72" 0.645™ 0.702"
Nymphs Taylor 0.360™ 0.841™ - -
Iwao 0.645™ 0.077™ - -

ST Camer (BB Gn) 4850 50 3T Comer
03V 4 ged sldad (5 a (55, 308 Y/ 4 /0 5 Kibe
Sl ase sl Sl ol 53 ST b 4l o SialS
33 4505 ol 3 FF VY YWY (5 iy B b 235 - glaw
S e g s 1 Y VY OB e s S
Sy e Y/0 J:lnefﬂfé,)‘uf;x,h C}«.?u)b)
G gas domly (5l G5as YY SFA N L5 5 5 (5, a
Jolae &8 8 (655 487 348 10 £ gomn 43) (S i
6 s ol A Lol (68 a sy sdae YO
(Y fyame) 45 308 ) (ST busie b Lo 4o
oo /0 51w &5 5 a 65,) 5, X “5”(8\{5”}4
5 Sl 4 5 55 Sl wses Aol o3l Rl L
NEPOSIRG A A RPN 7. S IR IR,
OF/+8 55 3 30 4 gas 3ldas &5y 2d 4 S 1 93 51 4 g

.() Jg.l) -\JLL@ u&aﬂs Loy

3 Omd e S bl g ol o

b i 25ln slel dde b aslie 55 550 Jue (MSE
Sdie b gl 2 8 sy 3l ol eols OLES Laesls
oo A eslamal Sl s b ldlis (g yls 4 ged sla
GOV 4SS i ol o Comer (rads 6l s ()
524 3 O L g 5l5e 3 (Hl+ oy st 5Y) ERUR
S Goye 33 S e Ll 5 (g dsei Al
Aoy A 53 4SS e Jol e g geme sl Sl
sl c(éfﬂ A Gy dde /0 sldas) Wb sde Y &gl
S /Y0 5 N0 /N slales Aoy b 5L 3 se 4 g
Aoty gl slAas ol a3y Al MY 5 YN0 VY S
S sy a8 sde ¥ paame 53) S e Gse
VWY ¥4 FOY e (5 A gy e /0 Jslae
S SUe Y ¢ gemmn 53) 5y (2 & gad dm g (11 5 4 g
o (S a sy sde /0 Dslae 5 8 s,y

(515 0ds ol ety b dslone G503 O 5 \YA VY



G455 5,6 4T Cama 1l S8 b g1l (6,5 6 gas ( (K S 5 cmes WV
10000 - 3500 1
= N
% 9000 S 3000 -
8000 | g
= 0.1
S 7000 0.1 £ 2500 -
=]
£ 6000 Eggs, 2 leaves 5
E 5000 - £ 2000 -
z S larvae+Nymph+Adult
o 4000 + f 1500 - 2 Leaves
£ 3000 2
= =
E 2000 - 5 1000 -
g 1000 0.25 g 500 -
0 T T 1
0 50 100 150 0 . , |
Number of Sample Units 0 50 100 150
Number of Sample Units
10000 - 5 4000 Larvae+Nymph+Adult
£ 9000 - g 3500 4 Leaves
)
E 8000 + E 3000
= 7000 - =
° 2 2500
2 60007 Eggs. 4 Leaves 5
S s000 - ggs, 3 2000
7 4000 - 2 1500
2 g
£ 3000 - 5 1000
% 2000 - E
E o S00 0.25
2 1000 - 0.25 0 ‘ : ‘
0 . . . 50 100 150
0 50 100 150 Number of Sample Units
Number of Sample Units
. 3500
, 10000 z Larvae+Nymphs+Adults
£ 9000 £ 3000 6 Leaves
S
£ 8000 - Eggs, 6 leaves S 2500
[, )
T 7000 - 2
£ 6000 - 5 2000
z
g 5000 - 1500
z =
° 4000 - % 1000
'g 3000 E
500
E 2000 - 0.15 o 0.25
3 1000 - — 0 : . ‘
0 - 50 100 150

T T
0 50 100
Number of Sample Units

1
150

Number of Sample Units

Q?&J)}E;a@gjﬂjjke-c;.\AJJ»JLgLa.\:-\))JJ;U;)JQQ.ILT&:Qé\dussﬁdﬁ):&jbﬁ—\Jﬁi

YO 5 N0 /) Gl b an b e Bl e > Tetranychus urticae 1aJss 5,6 45 Cunex rsljs

Figure 1. Stoplines for constatnt-precision sequential samples by 3 sample units of 2, 4 and 6 leaves to estimate of
Tetranychus urticae population density in red common bean fields, at precision levels of D=0.1, D=0.15 and

D=0.25
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Table 4. Resampling simulation used to validate Green’s fixed-precision sequential sampling plan for
Tetranychus urticae (total number of larvae+nymph-+adult and 2 leaves sample unit) by using a pre-set
precision level of 0.24 (desired, 0.25 and N,,;,=23) with replacement (Taylor's loga=0.85 and b=1.41)

Average statistics for 500 sequential sampling Sample size
Observed _ simulatioqs_ _
Data set L Density Precision (D) Mean Max. Min.
density _
Mean Max. Min.
Mean
1 0.14 0.15 0.30 0.35 0.25 396 633 200
2 0.14 0.27 0.34 0.39 0.28 293 583 139
3 0.40 0.42 0.29 0.34 0.23 217 362 139
4 0.56 0.59 0.26 0.30 0.21 177 286 104
5 0.76 0.84 0.30 0.39 0.19 146 249 82
6 1.04 1.09 0.15 0.19 0.13 120 165 92
7 1.36 1.41 0.22 0.29 0.17 104 143 67
8 1.84 2.07 0.36 0.46 0.14 89 148 47
9 2.54 2.74 0.27 0.33 0.22 72 108 48
10 3.66 3.75 0.18 0.24 0.13 58 79 41
11 6.20 6.05 0.18 0.23 0.14 44 60 33
12 11.08 11.29 0.18 0.26 0.12 31 41 33
Mean 2.49 2.56 0.253 0.314 0.184 145.58 238.1 84.6
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Table 5. Resampling simulation used to validate Green’s fixed-precision sequential sampling plan for

Tetranychus urticae (total number of larvae+nymph+adult and 4 leaves sample unit) by using a pre-set
precision level of 0.23 (desired, 0.25 and N,;,=23) with replacement (Taylor's loga=0.84 and b=1.37)

Average statistics for 500 sequential sampling

. . Sample size
Observed simulations
Dataset  jongity™  Density Precision (D) _
Mean Mean Max. Min. Mean Max. Min.
1 0.18 0.15 0.23 0.35 0.20 321 507 200
2 0.34 0.37 0.27 0.31 0.23 212 335 133
3 0.60 0.61 0.29 0.36 0.13 157 255 90
4 0.98 1.08 0.29 0.37 0.17 109 174 63
5 1.20 1.25 0.19 0.24 0.15 96 157 64
6 1.62 1.64 0.22 0.26 0.18 82 124 56
7 2.14 2.24 0.25 0.34 0.16 68 108 43
8 2.94 3.02 0.24 0.33 0.15 56 87 37
9 4.64 4.90 0.23 0.28 0.17 41 63 28
10 7.86 6.82 0.36 0.82 0.16 39 73 23
11 11.20 11.58 0.22 0.34 0.14 25 35 23
12 22.82 22.82 0.21 0.35 0.13 23 27 23
Mean 471 4.71 0.25 0.364 0.164 102.42 162.1 65.25

Conaz 512 028 oo 4 Sl S8 L I ()5 6 sad e izl g sima (6,8 4505 (5l =% Ik
P At 8 e LSy 1 & gad oy s o Sl s Tetranychus urticae 1ess o5, 48 Wty +,Y
(YY) & ga5 Jilm 5 /Y0 o gllae Cds o L) +/YYY
Table 6. Resampling simulation used to validate Green’s fixed-precision sequential sampling plan for

Tetranychus urticae (total number of larvae+nymph+adult and 2 leaves sample unit) by using a pre-set
precision level of 0.237 (desired, 0.25 and N,;,=21) with replacement (Taylor's loga=0.81 and b=1.35)

Average statistics for 500 sequential sampling Sample size
simulations
Data set 35:%’/%9 Density Precision (D) Mean Max. Min.
Mean Mean Max. Min.

1 0.42 0.45 0.25 0.30 0.18 202 308 124
2 0.42 0.47 0.24 0.28 0.20 196 310 113
3 0.58 0.62 0.27 0.31 0.23 165 261 93
4 1.16 1.19 0.25 0.29 0.18 108 174 59
5 1.72 1.78 0.21 0.28 0.16 82 133 50
6 2.82 2.95 0.22 0.31 0.13 59 88 36
7 3.48 3.64 0.25 0.37 0.11 52 80 27
8 4.12 4.31 0.28 0.39 0.15 48 80 26
9 6.08 6.35 0.22 0.28 0.17 36 62 24
10 9.02 8.16 0.32 0.79 0.14 35 57 21
11 15.86 15.06 0.33 0.59 0.20 23 42 21
12 31.66 30.93 0.18 0.27 0.09 21 21 21

Mean 6.45 6.325 0.252 0.372 0.162 85.6 134.67 51.25
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Abstract

Two spotted spider mite, Tetranychas urticae Koch is one of the most important pests of common
bean, Phaseolus vulgaris L. fields in most regions of Iran. To deploy the appropriate management of
this pest, in common bean fields, we need to construct a sampling plan that allows estimate population
density quickly and accurately. During 2011-2012, spatial distribution and fixed precision sequential
sampling plans of T. urticae population were investigated by the use of different sample unit sizes, in
common bean fields in north of Lorestan province (Borujerd, Dorud and Azna). Regarding to the
fitting of data with Taylor's power law, parameters of this method were used to develop the
enumerative sequential sampling plans for each sample unit. Results showed that Taylor's b was
significantly greater than 1, for all the life stages, indicating that T. urticae populations were
aggregated. Comparison of Taylor's b for larvae, nymphs and adults, showed no significant difference
among them. Therefore, Taylor's b and «a re-estimated for total number of larvae+nymphs+adults,
without separating them. Sample size curves were calculated and compared at 10%, 15% and 25%
levels of precision. Also, for each sample unit, Green's fixed precision sequential sampling plans were
validated using 12 independent data sets. Validation results of these models showed that to achieve a
precision of 0.25, which is generally accepted in IPM programs, it is necessary to take samples with
an average sample number (ASN) of 146, 102 and 86 for sample units of 2, 4 and 6, respectively. In
conclusion, the developed enumerative sequential sampling plans at precision level of 25% was
recommended for monitoring this pest in irrigated common bean fields.

Key words: Common bean, Sample unit, Sequential sampling, Spatial distribution, Tetranychus
urticae
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