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Introduction

Acyrthosiphon pisum Harris is one of the most important aphid species in alfalfa fields. In the case of a large

population, it directly and indirectly damages the host plants. Reports have shown their presence in several
regions worldwide, including Iran, particularly on fodder plants and most plants belonging to the legume family.
Geostatistical analysis provides an alternative approach for characterization of spatially variable ecological data,
particularly for insect population. Geostatistics includes two parts, variography and kriging. The foundation of

geostatistics is semi-variogram, which is a variance diagram based on the distance between samples, which
shows the structure of spatial relationship among the samples. Kriging is one of the geostatistical methods that
are used to estimate the regional variable value in different areas of the farm. Regarding geostatistical estimation,
the value of a quantity in areas with known coordinates is estimated by using the same quantity in other points
with known coordinates. This method allows for precise estimation of the value of a local variable in areas where
sampling has not been conducted. These maps can accurately predict population changes and the likelihood of
reaching the economic threshold in various parts of the farm. As a result, they can be highly effective in pest
management programs.

Materials and Methods

This research was carried out in the crop year of 2021-2022 in two three-year alfalfa fields located in two
cities of Dezful (Khuzestan) of Baghdadi variety and Borujard (Lorestan) of Hamadani variety, with an area of
five and seven hectares, respectively. To record the population density of desired pest in different parts of the
selected farms, the number and location of each sampling station were determined based on their length and
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width coordinates (in meters) were considered constant during the sampling period. To determine the location of
sampling stations, first, four main directions were identified in the fields and from the southwest area of the
fields, and to eliminate the marginal effects of the fields, a point with coordinates (0,0) was selected two or three
meters from the edge of fields. The desired fields were divided into regular grids of 25 x 25 meters. The farms in
the Dezful and Borujerd areas were examined, and a total of 90 and 130 sampling sites were identified and
labeled with plates. Parameters of each station were recorded on these plates. The sampling started in March
2022 and lasted until mid-November 2022. To sample the population of aphids, a 1 x 1m quadrat was used in
such a way that two quadrats were randomly thrown in each grid and six stems were selected from each box, and
a total of 12 stems were selected, shaken inside a pan, and counted the aphids. A total of 22 sampling stages
were performed. Excel 2010, SPSS ver. 26 and GS+ version 5.1 softwares were used for data analysis. The data

related to each station were checked for normality by helping Kolmogorov-Smirnov test, and if necessary, they
were placed in the determined coordinates by helping one of the appropriate data conversion methods. Then,
variogram curves, as well as kriging maps for each sampling date were presented in the data that had the highest
R? and degree of spatial dependence.

Results and Discussion

The results of surveying the geostatistical characteristics of A.pisum aphid in an alfalfa field in Borujerd city
showed that out of 22 sampling cases, 12 cases were fitted with spherical model, eight cases with exponential
model, and two cases with linear model (without spatial structure), which in all cases which were fitted with two
spherical and exponential models, spatial dependence was observed. In these two models, the ratio of the nugget

to the sill was very low, which resulted in an increase in the percentage of spatial dependence. The degree of
spatial dependence varied between 0.500 and 0.999. Effective range in the spherical model was between 121.9

and 221.2 meters. In each of the variograms, except for three datasets, in the remaining datasets, the R? was high

and between 0.55 and 0.95. Its distribution pattern was aggregative. Regarding this aphid species, in alfalfa fields
of Dezful city, out of 21 sampling cases, 12 cases were fitted with spherical model, eight cases with exponential
model and one case with the linear model. The spatial dependency in the two models ranged from 0.500 to
0.986, indicating a correlation between the distributions of aphids. Furthermore, the population distribution of
this aphid species was shown to be aggregated. Effective range for them in the spherical model was between
137.9 and 493.4 meters. Percentage of the degree of spatial dependence for both farms was estimated to be more
than 0.5, which means that more than 50% of variability among the data can be described by the spatial
dependence, as a result of which the high degree of spatial dependence increases the accuracy of statistical
estimation. By kriging maps, the density points of aphids population were checked on different dates, which can
be used for advance warning at the beginning of the damaging stages, and by spraying about one-fifth of the
field, a high percentage of the pest population can be reduced and avoid unnecessary spraying.

Conclusions

Finally, better outcomes in terms of the environment and control of the targeted pest may be achieved with
less pesticide use by applying the science of geostatistics and creating kriging maps. To accomplish this
important objective, using targeted pest site control is a good option. Moreover, preparing spatial distribution
patterns of insects and preparation of distribution maps (kriging) make it easier to achieve this goal.
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Table 1- Geostatistical characteristics of green pea aphid, Acyrthosiphon pisum population in alfalfa field of Boroujerd city in 2022

Sampling date Model Nugget Sill Rang Effective range DD R?
2022.05.10 Spherical 0.01 18.04 1219 121.9 0.999 0.95
2022.05.17 Pure nugget effect  16.48 16.48 280.8 280.8 0.00 0.00
2022.05.24 Pure nugget effect ~ 19.57 19.57 280.8 280.8 0.00 0.00
2022.05.31 Exponential 0.01 26.24  40.6 121.8 0.999 0.64
2022.06.07 Spherical 0.3 3198 1226 122.6 0991 0.71
2022.06.14 Spherical 1.63 3206 1314 1314 0.949 0.57
2022.06.21 Spherical 3.08 30.71 166.1 166.1 0.900 0.94
2022.06.28 Spherical 0.01 23.81 1479 147.9 0.999 0.91
2022.07.05 Spherical 1.94 23.11 149.0 149.0 0.916 0.89
2022.07.12 Spherical 0.35 18.27 155.1 155.1 0.981 0.86
2022.07.19 Spherical 2.47 19.79  188.0 188.0 0.875 0.81
2022.08.09 Spherical 4.65 26.01 2025 202.5 0.821 0.94
2022.08.16 Spherical 0.19 2589 134.2 134.2 0.993 0.77
2022.08.23 Exponential 1.80 4712 373 111.9 0.962 0.55
2022.08.30 Exponential 429 85.81 7109 2132.7 0.500 0.19
2022.09.06 Exponential 43.0 86.1  404.1 1213.2 0.500 0.22
2022.09.13 Exponential 51.0 102.01 710.9 2132.7 0.500 0.14
2022.09.20 Exponential 0.1 69.43 352 105.6 0.999 0.63
2022.09.28 Exponential 24.1 7208 751 225.3 0.666 0.83
2022.10.05 Exponential 12.9 6192 654 196.2 0.792 0.93
2022.10.12 Spherical 17.25 442 2212 221.2 0.610 0.89
2022.10.20 Spherical 13.24 4381 1731 173.1 0.698 0.87
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Table 2- Geostatistical characteristics of green pea aphid, Acyrthosiphon pisum population in alfalfa field of Dezful city in 2022

Sampling date Model Nugget  Sill Rang Effectiverange DD R?
2022.05.10 Spherical 829 2750 1594 159.4 0.699 0.85
2022.05.17 Spherical 10.24 3361 1853 185.3 0.695 0.90
2022.05.24 Exponential 759 3344 1264 379.2 0.773 0.98
2022.05.31 Spherical 1453  29.07 209.03 209.03 0.500 0.90
2022.06.07 Spherical 146  41.03 4833 483.3 0.644 0.86
2022.06.14 Exponential 6.69  30.28 121.2 363.6 0.779 0.98
2022.06.28 Spherical 11.46 2443 1658 165.8 0.531 0.71
2022.07.05 Spherical 8.05  33.01 4934 4934 0.756  0.97
2022.07.12 Spherical 6.83 1534 204.3 204.3 0.555 0.86
2022.07.19 Exponential 9.63 3405 504.6 1513.8 0.717 0.75
2022.07.26 Exponential 9.60 19.21 299 897 0.500 0.37
2022.08.02 Spherical 6.13 12.7 172 172 0.517 0.82
2022.08.09 Exponential 3.07 1096 384 115.2 0.725 0.59
2022.08.23 Exponential 4.75 1453  46.3 138.9 0.673 0.62
2022.08.30 Exponential 8.85 3511 5058 15174 0.748 0.80
2022.09.06 Spherical 4,02 2886 1379 137.9 0.861 0.81
2022.09.13 Exponential 12.75 2551 276.6 829.8 0.500 0.40
2022.09.20 Pure nugget effect 1543 1543 2084 208.4 0.00 0.05
2022.10.05 Spherical 4.3 424 1789 178.9 0.899 0.95
2022.10.12 Spherical 0.6 425 1784 178.4 0.986 0.91
2022.10.20 Spherical 7.16 344 1481 148 0.792 0.79
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Figure 3- Semivariogram and contour maps of Acyrthosiphon pisum aphid population on different dates in alfalfa field of Boroujerd
city in 2022
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Figure 4- Semivariogram and contour maps of Acyrthosiphon pisum aphid population on different dates in alfalfa field of Dezful city
in 2022
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