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Abstract

Grape leafhopper, Arboridia kermanshah (Hemiptera: Cicadellidae) is one of the important pests of grapevine in Iran. In
this research, the spatial distribution of A. kermanshah immature stages was investigated in a vineyard of the Kermanshah
region, during 2017 and 2018. Grape leaf selected as sampling unit and sampling process carried out every week. The
spatial distribution of eggs and immature stages of this pest calculated using: Index of dispersion, Morisita, Lloyd’s mean
crowding index, Iwao’s patchiness regression and Taylor’s power law Indexes. Most used methods revealed an aggregated
spatial distribution for the pest (b > 1). According to the Iwao’s method in first sampling year, regression for 4" and 5%
nymphal instars, was not significant (P-value > 0.05). In Taylor method for both sampling years and Iwao’s method for
second sampling year, distribution calculated random for 4™ and 5 nymphal stages. Also, using the Morisita’s index in
both sampling seasons and most (10) sampling dates, for the 4™ and 5™ nymphal stages, random distribution calculated.
In both sampling seasons, Taylor’s power law method found to be more accurate than other methods in determination of
the spatial distribution for this pest. Additionally, the lowest optimum sample sizes calculated using Taylor’s coefficients
that were more affordable in comparison with other methods. Knowledge of the spatial distribution of this pest can be
useful in designation of suitable sampling programs. Estimation of optimum sample sizes can also be useful in decreasing
of sampling costs in both research and management programs.
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Table 1. Estimated regression values of Taylor’s power law and Iwao’s patchiness for different nymphal stages of Arboridia kermanshah in 2017.

Taylor’s power law

Iwao’s patchiness regression

) tp (df > b+ SE atSE t(df = 2 B £SE at SE :
S m Pvalue ~'13) r cil Cl Pvalue i 3) r Cl Cl Life stages
0.748 0.286 0.000™ 11.42 0.909 1.37+£0.12 0.52 £ 0.08 0.003™ 3.61 0.501 3.22+£0.89 0.54 £0.33 Egg
(1.11 - 1.63) (0.33-0.71) (1.29 - 5.15) (-0.176 - 1.25)
0.815 0.335 0.000™ 9.24 0.868 1.53+0.16 0.53£0.09 0.004™ 3.44 0.477 2.71+0.78 0.37+£0.35 1%t instar
(1.17-1.89) (0.331 - 0.728) (1.009 - 4.403) (-0.388 - 1.138)
0.793 0.301 0.000™ 11.23 0.907 1.58+0.14 0.61+0.08 0.003™ 3.62 0.503 3.79+1.04 0.25+041 2" instar
(1.284-1.89)  (0.445-0.792) (1.534-6.06)  (-0.623-1.123)
0.349 0.152 0.000™ 5.15 0.671 3.7+0.63 1.81+0.46 0.014" 2.83 0.382 6.68 £ 2.36 -0.56 + 0.45 3 instar
(1.901 - 4.64) (0.814 - 2.81) (1.58 - 11.78) (-1.028 - 0.916)
0.237 0.111 0.000™ 7.06 0.793 1.06 + 0.15 0.347 £ 0.16 0.958" 0.053 0.000 0.18 £ 3.46 1.15+0.43 4" instar
(0.738-1.389)  (-0.013 - 0.708) (-7.29 - 7.66) (0.223 - 2.087)
0.191 0.094 0.000™ 7.93 0.829 1.105+0.13 0.39+0.16 0.603"™ 0.533 0.021 1.96 + 3.68 -0.99 £ 0.49 5" instar
(0.804 - 1.41) (0.029 - 0.755) (-5.11-9.91) (-0.086 - 2.07)

"s: No significant difference ™: significant difference at the level of 0.05 ™: significant difference at the level of 0.01, t wne: 2.16, CI*: Confidence Interval
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Table 2. Estimated regression values of Taylor’s power law and Iwao’s patchiness for different nymphal stages of Arboridia kermanshah in 2018.

Taylor’s power law

lwao’s patchiness regression

2 t, (df = 2 b +SE axSE ta(df = 2 B +SE a+SE :
S m Puaiue 16,17) r cr Cl Pualue 1 6(, 17) r cl cl Life stages
0.979 0.301 0.000™ 892 0816 1.69+0.18 0.81+0.13 0.000™ 427  0.503 2.77 +0.64 1.33+£0.26 Egg
(1.29 - 2.08) (0.519 - 1.084) (1.409 - 4.138) (0.783 - 1.887)
1.24 0.383 0.000™ 11.64 0.882 1.6+0.13 0.71+0.07 0.004™ 3.28 0.375 2.89+0.88 1.17+0.41 1%t instar
(1.32 - 1.95) (0.559 - 0.868) (1.044 - 4.764) (0.292 - 2.05)
1.14 0.347 0.000™ 12.31  0.899 1.3+0.16 0.62+0.05 0.002™ 3.57 0.429 2.67+0.74 1.47 +0.32 2" instar
(1.07 - 1.52) (0.505 - 0.741) (1.094 - 4.252) (0.787 - 2.164)
0.519 0.185 0.000™ 5.44  0.636 1.72+0.31 0.83+0.22 0.015" 27 0.3 5.19+1.92 0.79+0.42 3 instar
(1.058 - 2.395) (0.373 - 1.303) (1.126 - 9.258) (-0.104 - 1.7)
0.383 0.147 0.000™ 7.05 0.775 1.32+0.18 0.61+0.16 0.032" 2.34  0.256 6.51+2.77 0.51+0.52 4™ instar
(0.926 - 1.72) (0.255 - 0.963) (0.632 - 12.378) (-0.588 - 1.618)
0.246 0.114 0.000™ 574 0.673 1.52+0.26 0.685+ 0.28 0.031" 239  0.259 6.7 +2.83 0.21+0.44 51 instar
(0.96 - 2.084) (0.074 - 1.296) (0.692 - 12.707) (-0.719 - 1.148)

"s: No significant difference

*

- significant difference at the level of 0.05 ™": significant difference at the level of 0.01, tupe: 2.11 for the egg, 1%, 2", 39 and 2.12 for the 4™ and 5
nymphal stages, CI': Confidence Interval
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Table 3. Estimated parameters by Lloyd mean crowding, index of dispersion, Llioyd mean crowding to mean and common k for Arboridia kermanshah in 2017 and
2018.

1/k m”/m z Io S?/m m” S? m Life stages Sampling year
12.99 13.99 64.98 1189.67 3 2.13 0.45 0.15 Egg
12.31 13.31 61.68 1138.86 2.86 2.01 0.43 0.15 1tinstar
14.14 15.14 65.21 1192.9 3 2.13 0.42 0.14 2" instar
21.50 22.50 53.84 1023.24 2.57 1.64 0.18 0.07 3 instar 2017
29.70 30.70 53.08 1012.36 2.6 1.59 0.13 0.05 4™ instar
33.72 34.72 46.71 924.192 3 1.35 0.09 0.03 5™ instar
14.05 15.05 90.06 1759.83 3.73 2.89 0.71 0.19 Egg
10.80 11.80 86.83 1699.54 3.69 281 0.85 0.23 1%t instar 2018
12.65 13.65 88.78 1735 3.61 2.85 0.76 0.21 2" instar
19.94 20.94 75.94 1504.77 3.09 2.27 0.34 0.11 3 instar
27.17 28.17 75.19 1491.62 3.42 2.21 0.24 0.07 4™ instar

28.18 29.18 68.09 1371.72 3.16 1.95 0.19 0.06 5" instar
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Figure 1. Estimation of optimum sample size for different population densities of eggs and immature stages of Arboridia kermanshah, using Taylor’s power Low and
Iwao's regression coefficients in two accuracy levels of 15 and 25% in 2017.



oA ,»J;m,@bb&lfgwwlf/ul)&m,woo

600 250 1
Taylor, D=0.15 Taylor, D=0.25

—egg g

= Ist instar 7
3009 = 2nd instar = 1st instar
i 200 4 ® 2nd instar
. Zrlc: ot = 3rd instar

« 4th instar i
0 + Sth instar * dth instar
* 5th instar

v
=
.

Optimum Sample Size Taylor
z
=

Optimum Sample Size Taylor

100 4
200
100 301
0 T T T T — 0
R R B R R B A B R R
c o oo — e - [ B B o | onoenoenoen <= = <
Population Density
3000 1200 1
Iwao, D=10.15 Iwao, D=0.25
—egg —ege
2500 = st instar 1000 1 = 1st instar
# 2Ind instar = 2nd instar
* 3rd instar * 3rd instar
&2000 + 4th instar & 800 4 ® 4th instar
z « 5th instar e * Sth instar
_Q. —_—
g g
@ 1500 4 & 600 1
g £
g 2
E1000 & 400 |
500 200
0 0
* IS8 0 — ol E W 0 MOl S %0 ol LD 0 o
- . : » SSSS —~—A—— ciecica eeee o S
Population Density Population Density

<83 mhaw 9o ,o Arboridia kermanshah JLG J>1,e 5 056 J>1 e Caren Sgliie slo Sl sl gilesl Soam S5 o9, 9 59k Ol (5B calpo 5l el b digy diges o3lail (pedss ¥ S

AYAY Jlo (b ao,s YO 510
Figure 2. Estimation of optimum sample size for different population densities of eggs and immature stages of Arboridia kermanshah, using Taylor’s power Low and
Iwao's regression coefficients in two accuracy levels of 15 and 25% in 2018.
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