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ABSTRACT 

Taylor's Power Law has been favored for its advantage in developing sampling plans, transforming 
field data to meet assumptions necessary for parametric statistical analysis and satisfying quantitative 
measurement of nematode and insect spatial distribution. Using this law, we determined optimum sample size 
for the tomato leafminer, Tuta absoluta, larvae on three tomato cultivars at three scales. Differences between 
values of their law parameters a and b were investigated. Since no differences (P ≤ 0.05) in a or b values existed 
across sampling tomato cultivars singly and all combined for plant scale and leaf scale, a common relationship 
across each of the two scales may be applicable and general sampling plans could be adopted to a range of 
fields. Common relationships incorporating sampling data of the three tomato cultivars from leaflet scale were 
less useful since differences in a or b values existed. Considering the importance of entomopathogenic 
nematode to control T. absoluta, this law was also used to determine number of samples of heterorhabditid 
nematode-infected Galleria mellonella larvae needed to achieve a pre-determined level of accuracy in a tomato-
nearby area (mango orchard). The magnitude of reliability for sampling T. absoluta when a fixed sample size is 
dictated due to limited resources was assessed. 
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Introduction 

The tomato leafminer Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae), a key pest of tomato crops 
in South America, has spread rapidly and dangerously in many parts of the world. Due to its severe losses on 
solanaceous crops especially tomato plants from seedlings to mature stage, both in greenhouse and open field 
cultivations (Zappala et al., 2012), T. absoluta ranks high as a serious threat to tomato production worldwide 
(e.g. Desneux et al., 2010 and 2011).  Its spread has been greatly accelerating by the ease of travel and increased 
trade. Yet, information is scanty on the characteristic pattern of its spatial dispersion and/or its relevant 
applications in many of newly T. absoluta-infected areas. Such information is needed for effective subjugation 
of the insect populations.  In this respect, if the frequency distribution of counts from an insect sample fits one 
of the common mathematical models, then: 1) the spatial dispersion of the population (ecological meaning) can 
be described in mathematical terms, 2) errors of population parameters can be estimated, 3) temporal and spatial 
changes in density can be compared, and 4) the effect of environmental factors can be assessed (Elliott, 1971; 
Salama and Abd-Elgawad, 2010). Suitable models for the three possible relationships between the variance (Ơ2) 
and arithmetic mean (µ) of a population are: 1) Positive  binomial as  an  approximate  model  when  the 
variance is significantly less than the mean (Ơ2 < µ), 2) Poisson series as the only model when the variance is 
approximately equal to the mean (Ơ2 = µ), and 3) Negative binomial as the most flexible of several possible 
models when the variance is significantly greater than the mean (Ơ2 > µ).  These three models are strictly 
probability distributions and are converted to frequency distributions by multiplying each probability by the 
sample size (Elliott, 1971). On the other hand, Taylor's power law provides a convenient alternative for the 
above-mentioned mathematical frequency models. The power law (Taylor, 1961) states that: the variance (S2) of 
a population is proportional to a fractional power (b) of the arithmetic mean (X̄): 
S2= a X̄b  or  log S2= log a + b log X̄ 
where a and b are population parameters; a depends chiefly upon the sample size and b is an index of dispersion 
(e.g. Ferris, 1984; McSorley et al., 1985; Duncan et al., 1989). This law is useful in determining transformations 
(Taylor, 1970) and developing sampling plans for pests (Ferris, 1984). It covers a wider range compared to the 
above-mentioned distributions and the transformations derived from b are often easier to apply than those of the 
negative binomial (e.g. Elliott, 1971; Duncan et al., 1989).  

Admittedly, knowledge of an organism's spatial distribution can be used to develop sample size 
optimization by using equations derived from negative binomial models (e.g., Southwood, 1978; McSorley and 
Parrado, 1982; McSorley, et al., 1985) or by simulation from the data base even if the model is not negative 
binomial (e.g., Goodell and Ferris, 1980; Ferris, 1985). Yet, both of these approaches require specific computer 
programs and therefore Taylor's power law may offer a simpler alternative to develop sample size which is a 
key factor in estimating the level of T. absoluta-infection in tomato field(s). Moreover, other relevant points still 
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need further study and clarification. The relationship between the economic threshold and sampling intensity 
required to allow management decisions, with specified levels of risk, indicated the need for improved sampling 
technology. For example, an extension of Taylor's law has been proposed by Ferris et al. (1990) when multiple 
samples are taken: S2 = ( c nd ) ( mb )  
where S2 and m are the variance and mean respectively, b, c and d are constants and n is the number of samples 
taken. To date this proposed extension has not been verified to be as applicable as the original version of 
Taylor's law (http://en.wikipedia.org/wiki/Taylor%27s_law). Furthermore, global robustness of parameters of 
this law is questionable.  

The general formula to determine the number of samples has three unknown quantities; namely, 
number of samples (n), accuracy or probability level (1- α), and precision or reliability (the length of the  
interval). We simply decide on the value of two of these quantities (i.e. 1- α is often set at 95% or 99% levels, 
and reliability is  defined in terms of the standard error to mean ratio (E) or the ratio of the half-width of the 
confidence interval to the mean (D) of the samples and solve for the third (= n). In other words, our concern is 
usually to determine the sample size required to obtain an estimate of predescribed reliability or specified levels 
of risk, regardless of cost (Karandinos, 1976). So, the number of samples (n or n*) needed to achieve a pre-
determined level of sampling error is estimated as follows: 
         S2                         S2 t2 
n = ــــــــــــ     or  n* =     ــــــــــــ                  (Eq. 1) 
        E2 X̄2                    D2 X̄2 
with D = tE where t (Student's t variate) depends on the number of samples but usually approximates to 2 for 
95% confidence interval and more than 10 samples (Southwood, 1978; as in McSorley et al., 1985),  S2 = the 
sample variance, and X̄ = the arithmetic mean. Yet, we often in practice face the reverse problem, namely, a 
fixed amount of resource is available for sampling (hence, a fixed sample size when the cost per sample unit is 
known) and we want to determine the reliability of the estimates (E or D).   

This paper extends a previous one (Abd-Elgawad, 2014) about the spatial patterns of Tuta absoluta in 
three tomato fields and heterorhabditid nematodes in a nearby area in Egypt. Here, we built on Taylor’s power 
law parameters (Abd-Elgawad, 2014) to derive sample size optimization collected from tomato fields using 
three spatial scales; plant, leaf, and leaflet. Two approaches were used; each one to solve for an unknown 
quantity. Firstly, number of samples, as an unknown quantity, needed to achieve a pre-determined level of 
accuracy with defined reliability (E or D) for sampling T. absoluta larvae or heterorhabditid nematode-infected 
Galleria mellonella larvae was determined. Secondly, Reliability was estimated/solved, as an unknown quantity, 
based on a fixed amount of fund for defined number of samples. Also, in order to better understand the 
magnitude of sensitivity/stability of the power law parameters, a and b, statistical comparisons were held herein 
to find out any significant difference between sets of a-parameter, as a function of the sample size, across three 
tomato fields; each had different tomato cultivar and treated differently against T. absoluta. Similarly, the 
robustness of b-parameter, as an index of insect dispersion, was tested among sets of b-parameter for the scales 
tested. 
 
Material and Methods 

The data base used in this study was established from a study (Abd-Elgawad, 2014) on spatial patterns 
of Tuta absoluta and heterorhabditid nematodes in the context of integrated pest management in three tomato 
fields/cultivars (Alisa, Hynez, and Hadeer) with different treatments against the tomato leafminer. The 
pheromone based control system was used according to Ibrahim and Hasan (2012) at only ‘Alisa’ and ‘Hynez’ 
tomato fields. Light traps were randomly scattered at ‘Alisa’ field only (6 traps/4200 m2). Tomato cv. Hadeer 
served as non-treated check. So, the experiment was based on a priori reasons; reported efficacy of pheromone 
and light traps (cv. Alisa), light traps only (cv. Hynez), and untreated check (cv. Hadeer) for predicting the 
observed ranks of treatment populations (Ibrahim and Hasan, 2012). About 700 m2 for each of the three tomato 
cultivars; Hadeer, Hynez, and Alisa; was delimited for sampling tomato leafminer larvae according to Sanchez 
et al. (2009) at three different scales: plant, leaf, and leaflet. To avoid spatial interdependence, all units from the 
smaller scale were included in the larger scale (Sanchez et al., 2009).  At each field, the apical parts of three 
plants at three successive beds were randomly sampled from each 100 m2 of the delimited area; 21 tomato 
plants/field were sampled. Each apical part of a plant had seven consecutive expanded leaves was harvested at 
random, placed individually in plastic bag, and transported to the laboratory. The three fields had identical 
sampling plan of the insect on three spatial scales from equal plot size. Each apical part of the plant was sorted 
in its component of seven leaves and each leaf in its component of seven leaflets. So, T. absoluta larvae at the 
three scales were counted and their spatial distribution was examined (Abd-Elgawad, 2014). Mean and variance 
of T. absoluta larvae counts were calculated from each seven leaflets of the same plant leaf for the leaflet scale; 
from each seven leaves of the same plant for the leaf scale; and from 3 plants at 100 m2 area for the plant scale 
in each field.  These means and variances of larval counts were natural-log transformed to construct Taylor’s 
law. Log variance was regressed against log mean to determine coefficients of Taylor's Power Law for each 
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distribution scale of single tomato cultivars, and also for all cultivars pooled together. For instance, log variance 
was plotted against log mean of each 3 plants sampled from each 100 m2 plot in a tomato field for each plant 
scale (7 plots/field/for plant scale and so on). Since the three fields were treated differently to control T. 
absoluta, the present study aimed at determining the influence of such treatments on the Taylor's power law 
parameters a and b as function of the sample size and index of dispersion; respectively in terms of the 
magnitude of robustness/stability for Taylor's Power Law parameters.  Significant difference between parameter 
sets at each of leaflet, leaf, and plant scale as well as combining together each scale across the three tomato 
fields/cultivars was statistically examined. Slope and intercept values from the regression lines constructing the 
Power Law were compared with t- (for samples ≤ 25) or z- (for samples > 25) tests (Kleinbaum and Kupper, 
1978).   

Sandy soil samples were collected from 11-year-old mango trees planted at 2.5 m between rows and 5 
m between trees of a row in a geographical North/South row direction (Abd-Elgawad, 2014).  Plastic tube 
openings for dropping under tree canopies were spaced 70 cm with two parallel longitudinal tubes per a tree 
row; a tube at each side of the tree stem. The orchard was irrigated at weekly intervals and sampling time 
corresponded to three days after irrigation time. Samples were taken once from 30 trees, ten successive trees in 
each of three consecutive rows, with a shovel to a depth of ca 25 cm. Under each tree canopy, three subsamples, 
within a distance of 40-60 cm apart, with a total volume of approx. 1500 cm3 were randomly collected and 
mixed to form a composite sample representing the tree canopy. All samples were kept in plastic bags within an 
insulated container at ambient temperature, transported to the laboratory, and held at room temperature (ca 
23oC) overnight.  The following day, each sample was mixed thoroughly and a 500-cm3 aliquot from the soil 
sample was assayed for EPN using the Galleria-bait method (Bedding and Akhurst, 1975) in multiple cycles 
according to Stuart and Gaugler (1994) with modifications; samples were placed in assay chambers (plastic 
cups, 10 cm diam, 7 cm height).  The bottom of the chamber was covered with 2.5 cm of soil from the sample, 
followed with 5 G. mellonella last instar larvae, which were then covered with the remaining soil from the 
sample. The chamber was covered with its perforated plastic lid. Chambers were held in dark and inverted daily 
at 25 ± 1oC for 3-4 days when all insects were removed and replaced with five fresh G. mellonella larvae. The 
observation schedule varied over time: each plastic cup was examined twice weekly for the first two weeks and 
once weekly thereafter.  Dead Galleria was replaced at each observation and the soil was moistened with 
deionized water when necessary. The removed insects were kept for additional three days during which 
cadavers showing characteristic symptoms of EPN infection (Woodring and Kaya, 1988) were washed and 
individually transferred to "White" trap dishes (White, 1927) for an additional six days to examine nematode 
progeny from dead insects.  Infective juvenile nematodes emerging in the traps were used to re-infect additional 
Galleria to confirm pathogenicity and to fulfill Koch’s postulates (Pelczar and Reid, 1972).  Suspect cadaver 
that failed to produce infectives was considered negative. A sample that did not produce any suspect cadavers 
during the first three weeks was not assayed thereafter. The remaining samples were assayed until each sample 
had undergone two consecutive examinations without yielding infections. Likewise, mean and variance of EPN-
infected Galleria numbers from the bait method on different observation dates for the positive soil samples were 
also transformed to construct Taylor's Power Law to investigate the distribution of EPN-infected Galleria from 
positive soil samples (Taylor, 1961). The coefficient of determination (R2) from each regression analysis was 
used to evaluate goodness of fit to the Power Law in the previous study (Abd-Elgawad, 2014). So, Abd-
Elgawad (2014) determined their Power Law parameters but here we extended our investigation to determine 
sample size optimization of the entomopathogenic nematodes (Heterorhabditis spp.) and the economics of 
sampling T. absoluta larvae. Since by Taylor's power law, S2= a X̄b, the variance can be substituted into either 
of the above formulae in Eq. 1, yielding the following corresponding formulae (Ferris, 1984; McSorley, et al., 
1985).  
        1                                  t                              
n = (ــــ)2 a X̄(b-2)  or  n* = (ــــ)2 a X̄(b-2)              Eq. 2 
        E                                 D   
The formulae in Eq. 2 were used herein to determine sample size optimization for both T. absoluta larvae on the 
three spatial scales and heterorhabditid nematode-infected Galleria mellonella larvae. Also, the available fund 
for samples was divided by cost per sample unit to know or decide the number of samples that could be covered 
by limited fund; numerically supposed in some cases. So, the unknown term expressing reliability (E or D) is 
solved; number of samples (n or n*), and accuracy or probability level (1- α) are known but the reliability is 
determined. Therefore, Eq. 2 was modified to find reliability in terms of E and D as follows: 
E = (a X̄b-2 /n)0.5    or   D = t (a X̄b-2 / n*)0.5            Eq. 3 

Therefore, specific amounts of cash derived from agricultural extension in Egypt (Moawad M. 
Mohamed, The National Research Center, 2014, personal communication) were used as the costs of collecting, 
and counting T. absoluta. These costs were based on common sample plans (Cochran, 1977; Jacobson and 
Howlett, 2014). Given such costs, references were consulted to utilize values of Taylor’s power law parameters 
for T. absoluta larvae on tomato (Abd-Elgawad, 2014).  
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Results 

For the leaflet scale, highly significant difference (P ≤ 0.01) was detected between the slope of all the 
cultivars combined together and that of each cultivar (Table 1). On the same scale, difference was detected 
between the slope of Hynez and those of Alisa and Hadeer (Table 1). Also, the slope of plant scale across data 
of the three cultivars together was higher than that of both leaf scale (P ≤ 0.01; t = 6.17; df = 72) and leaflet 
scale (P ≤ 0.01; t = 17.04; df = 246). Difference between the slopes of the latter two, leaf and leaflet scales, was 
highly significant (Z = 2.72; n1 = 55; n2 = 229). Non-significant difference (P > 0.05) was found among the four 
slope values, representing the three tomato cultivars singly and all together, from the regression lines for T. 
absoluta larvae population counts for each of plant and leaf scale (Table 1). 

 
Table 1. Values of t- (for samples ≤ 25) or z- (for samples > 25) tests for comparing the slopes of Taylor’s Power Law of T. absoluta  

larval populations at plant, leaf, and leaflet scales on three tomato cultivars singly and all combined. 

Tomato 
cultivar 

Plant scale Leaf scale Leaflet scale 
Hadeer Hynez Combined Hadeer Hynez Combined Hadeer Hynez Combined 

Alisa 0.035 0.399 0.444 0.043 1.386 0.395 1.132 2.126* 2.63** 

Hadeer  0.053 0.041  0.607 0.205  15.388** 3.55** 
Hynez   0.023   1.24   3.79** 

*,** Significant difference between the two slopes at 0.5 and 0.01 probability levels, respectively (Kleinbaum and Kupper, 1978). 

For the leaflet scale, highly significant difference (P ≤ 0.01) was detected between the regression 
intercept value of all the cultivars combined together and that of Hynez or Alisa cultivar (Table 2). On the same 
scale, difference was detected between the intercept of Hynez and that of Alisa. Non-significant difference (P > 
0.05) was found among the four regression intercept values, representing the three tomato cultivars singly and 
all together, from the regression lines for T. absoluta larvae population counts for each of plant and leaf scale 
(Table 2). 

 
Table 2. Values of t- (for samples ≤ 25) or z- (for samples > 25) tests for comparing the regression intercept values of Taylor‘s Power Law 

of T. absoluta larval populations at plant, leaf, and leaflet scales on three tomato cultivars singly and all combined. 
Tomato 
cultivar 

Plant scale Leaf scale Leaflet scale 
Hadeer Hynez Combined Hadeer Hynez Combined Hadeer Hynez Combined 

Alisa 0.05 0.34 0.018 0.597 1.674 1.073 1.39 3.75** 2.17* 
Hadeer  0.01 0.04  0.0 0.138  1.8 0.12 
Hynez   0.317   0.383   2.82** 

*,** Significant difference between the two intercepts at 0.5 and 0.01, respectively (Kleinbaum and Kupper, 1978). 

For each tomato cultivar as well as all cultivars combined together, the regression intercept values of 
the Power law generally increased as size of the spatial scale increased starting by leaflet scale through leaf and 
ending by plant scale. The only exception was at Hadeer where the intercept of leaf has less value than that of 
leaflet. The regression intercept of plant scale across data of the three cultivars together was higher than that of 
both leaf scale (P ≤ 0.01; t = 12.04; df = 72) and leaflet scale (P ≤ 0.01; t = 15.37; df = 246). Difference between 
the intercepts of the latter two, leaf and leaflet scales, was not significant (Z = 0.36; n1 = 55; n2 = 229).  
 
Table 3. Number of samples needed to achieve a pre-determined level of accuracy, as defined in terms of the standard error to mean ratio 

(E) and the ratio of the half-width of the confidence intervalx to the mean (D) for sampling T. absoluta larvae on‘Alisa’ tomato. 
Mean larvae count per 

sampley 
Minimum number of samplesz 

D E 

20% 25% 20% 25% 
Taylor’s power law parameters for leaflet: a = 2.945, b = 1.73 
1 295 188 74 47 
2 244 156 61 39 
3 219 140 55 35 
Taylor’s power law parameters for leaf: a = 3.034, b = 1.24 
2 179 115 45 29 
3 132 84 33 21 
4 106 68 26 17 
Taylor’s power law parameters for plant: a = 7.463, b = 1.18 
16 77 49 19 12 
18 70 45 17 11 
20 64 41 16 10 
x Assume t ≈ 2 for 95% confidence interval (Elliott, 1971). y Based on a sample size of the mentioned scale; plant, leaf, or leaflet. 
z  The fractional values rounded up to nearest integer. 

 
Using the parameters of Taylor's power law (Ferris, 1984), the number of samples needed to achieve a 

predetermined level of sampling error was calculated (Tables 3-7). For example, to sample T. absoluta larvae on 
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the tomato leaf scale with a 0.20 standard error to mean ratio and 3 insect larvae / leaf, one could collect 33 
(Table 3),  21 (Table 4), or 29 (Table 5) samples from Alisa, Hadeer, or Hynez; respectively. Also, to sample the 
larvae on the tomato leaflet, leaf, and plant with a 0.25 ratio of the half-width of the confidence interval to the 
mean, and 3, 4 or 20 T. absoluta larvae/ leaflet, leaf, or plant, one could collect 94, 54, or 22 samples; 
respectively across the three tomato fields/cultivars (Table 6). Number of samples of heterorhabditid nematode-
infected Galleria mellonella larvae needed to achieve a pre-determined level of accuracy is presented (Table 7). 
For example, in order to get at least one nematode-infected Galleria mellonella larvae with reliability (D = 
20%), 56 of the extracted larvae should be examined in case that two infected larvae are found in the examined 
samples.Figures of sample costs could provide a background of estimating the sampling accuracy or reliability. 
For example, a day worker may invariably charge US $ 5 to examine the presence of T. absoluta on each 100 
tomato plants in Egypt.  
 
Table 4. Number of samples needed to achieve a pre-determined level of accuracy, as defined in terms of the standard error to mean ratio 

(E) and the ratio of the half-width of the confidence intervalx to the mean (D) for sampling T. absoluta larvae on‘Hadeer’ tomato. 
Mean larvae count per 

sampley 
Minimum number of samplesz 

D E 
20% 25% 20% 25% 

Taylor’s power law parameters for leaflet: a = 2.181, b = 1.92 
1 218 140 55 35 
2 206 132 52 33 
3 200 128 50 32 
Taylor’s power law parameters for leaf: a = 2.014, b = 1.22 
2 117 75 29 19 
3 85 55 21 14 
4 68 44 17 11 
x Assume t ≈ 2 for 95% confidence interval (Elliott, 1971). y Based on a sample size of the mentioned scale; plant, leaf, or leaflet. 
z  The fractional values rounded up to nearest integer. 
 
Table 5. Number of samples needed to achieve a pre-determined level of accuracy, as defined in terms of the standard error to mean ratio 

(E) and the ratio of the half-width of the confidence intervalx to the mean (D) for sampling T. absoluta larvae on‘Hynez’ tomato. 
Mean larvae count per 

sampley 
Minimum number of samplesz 

D E 
20% 25% 20% 25% 

Taylor’s power law parameters for leaflet: a = 1.522, b = 1.39 
1 152 97 38 24 
2 100 64 25 16 
3 78 50 19 12 
Taylor’s power law parameters for leaf: a = 2.014, b = 1.50 
2 142 91 36 23 
3 116 74 29 19 
4 101 64 25 16 
x Assume t ≈ 2 for 95% confidence interval (Elliott, 1971). y Based on a sample size of the mentioned scale; plant, leaf, or leaflet. 
z  The fractional values rounded up to nearest integer. 
 
Table 6. Number of samples needed to achieve a pre-determined level of accuracy, as defined in terms of the standard error to mean ratio 

(E) and the ratio of the half-width of the confidence intervalx to the mean (D) for sampling T. absoluta larvae across three tomato 
fields/cultivars. 

Mean larvae count per 
sampley 

Minimum number of samplesz 
D E 

20% 25% 20% 25% 
Taylor’s power law parameters for leaflet: a = 2.141, b = 1.6542 
1 214 137 54 34 
2 168 108 42 27 
3 146 94 37 23 
Taylor’s power law parameters for leaf: a = 2.199, b = 1.3154 
2 137 88 34 22 
3 132 66 26 17 
4 85 54 21 14 
Taylor’s power law parameters for plant: a = 7.29, b = 0.9728 
16 42 27 11 7 
18 37 24 9 6 
20 34 22 8 5 
x Assume t ≈ 2 for 95% confidence interval (Elliott, 1971 ). y Based on a sample size of the mentioned scale; plant, leaf, or leaflet. 
z  The fractional values rounded up to nearest integer. 

Although the inspector must assume some risk and set bands defining freedom from infestation, using 
these cost figures, the estimated reliability far exceeded the common tolerance limits in some cases (Table 8). 
Generally, these values with high risks are especially apparent when damage thresholds of the pest (the point at 
which yield losses make crop production uneconomic) can be low but the risk is greatly reduced to frequently 
acceptable reliability when the tolerance limit is elevated (Table 8). 
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Table 7. Number of samples of heterorhabditid nematode-infected Galleria mellonella larvae needed to achieve a pre-determined level of 

accuracy, as defined in terms of the standard error to mean ratio (E) and the ratio of the half-width of the confidence intervalx to 
the mean (D) for sampling. 

Mean count per sampley Minimum number of samplesz 
D E 

20% 25% 20% 25% 

1 120 77 30 19 
2 56 36 14 9 
3 36 23 9 6 
Taylor‘s power law parameters: a = 1.2, b = 0.9044 
x Assume t ≈ 2 for 95% confidence interval (Elliott, 1971). y Based on a sample size of 500 cm3 soil baited by Galleria mellonella larvae. 
z  The fractional values rounded up to nearest integer. 
 
Table 8. Percentage level of accuracy as defined in terms of the standard error to mean ratio (E) and the ratio of the half-width of the 

confidence intervalx to the mean (D) for sampling T. absoluta larvae across three tomato fields/cultivars. 
Cost of samples (US $) finance-based number 

of samples 
Mean insect count per 

sampley 
Level of accuracy/reliabilityz 

D E 
Taylor’s power law parameters for T. absoluta larvae on plants: a = 7.29, b = 0.9728 

5 100 1 54% 27% 
10 200 1 38% 19% 
15 300 1 31% 16% 
5 100 2 38% 19% 
10 200 2 27% 13% 
15 300 2 22% 11% 
x Assume t ≈ 2 for 95% confidence interval (Elliott, 1971).y Based on a sample size mentioned in the original reference; i.e. plant scale for T. 
absoluta larvae (Abd-Elgawad, 2014. z  The fractional values rounded up to nearest two decimals (i.e. percentage).  

 
Discussion 

The regression parameters for T. absoluta larvae sampled for plant scale and leaf scale were not 
different (P ≤ 0.05) among tomato cultivars singly and all combined (Tables 1 and 2); therefore, the parameter 
values of a and b calculated across all tomato fields were satisfactory measures of dispersion of the tomato 
leafminer on the tomato host. Common relationships incorporating sampling data from leaflet scale were less 
useful since differences (P ≤ 0.05) in a or b existed within groups of this scale. On the other hand, the non-
significant differences between each of a and b values for the regression lines of the law concerning the leaf 
scale for each tomato cultivar (Tables 1 and 2) may partially reflect similar sample size optimization for the 
insect larvae (Tables 3-5) despite differences in field treatments. For example, the variance to mean 
relationships in the survey data suggest that to achieve a standard error to mean ratio of 0.20 in sampling a 
tomato field with 4 T. absoluta larvae/leaf, 26 leaf samples from ‘Alisa’ cultivar (Table 3) or 25 leaf samples 
from ‘Hynez’ cultivar (Table 5) should be randomly sampled. Because coefficient of determination was not 
significant (P ≤ 0.05) for the regression line of the law concerning the plant scale for each of ‘Hadeer’ and 
‘Hynez’ cultivars,  their related sample size was not calculated (Tables 4 and 5). Similarly, Sanchez et al. (2009) 
examined the spatial distribution of T. absoluta larvae on tomato and found that three out of 12 cases did not 
adjust either to Poisson or to negative or positive binomial distributions. For leaflet scale only, each of a and b 
values for the regression line of the law for the total three tomato cultivars were significantly different from that 
of each single cultivar, the only exception was with Hadeer for a values (Tables 1 and 2). On leaflet scale, b 
parameter of Hynez significantly differed from that of Alisa and Hadeer (Table 1) while Hynez differed from 
Alisa for a parameter (Table 2). Since values of b, the distribution parameter of the Power Law, increased from 
plant to leaflet, indicating a more aggregate distribution as scale diminished (Abd-Elgawad, 2014), it is possible 
that factors influencing the spatial pattern of T. absoluta larvae, especially when the three tomato fields were 
combined together, could have variable effects on a and b parameters only on the diminished scale; i.e. leaflet. 
The law parameters in such a combination reflected different treatments for T. absoluta control; pheromone and 
light traps (cv. Alisa), light traps only (cv. Hynez), and untreated check (cv. Hadeer). Therefore, identification of 
field characteristics that influence variance to mean relationships may help define sampling requirements in 
different situations (Duncan et al., 1989). On the other hand, such differences between sets for each of a and b 
parameters on the diminished scale (Tables 1 and 2) may query the use of b parameter as global index for a 
species that is sufficiently robust to be useful in any situation (Asimiea, 2010). On the other hand, it is widely 
known that the parameters a and b are useful as function of the sample size and index of dispersion; respectively 
(Ferris, 1984; McSorley et al., 1985; Duncan et al., 1989; Ferris et al., 1990; Duncan and Phillips, 2009). 
Common factors that influence the insect-spatial distribution, such as crop, pest, and natural enemy removal at 
the end of the growing tomato season as well as soil plowing and preparation for the new crop, and usual 
chemical applications on tomato, has probably led to the non-significant difference in b parameters on leaf and 
plant scales (Table 1). And so have identical sampling sizes and procedures done for the non-significant 
difference in a parameters (Table 2). 
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The optimization of sampling plans usually involves a compromise between the level of precision of 
the estimate for a particular management decision and the cost of obtaining such information (Goodell and 
Ferris, 1981). Nevertheless, numerous researchers have determined sample size optimization based solely on 
high precision; estimates within 20-25% of the true mean with 95% confidence (e.g. McSorley et al., 1985; 
Duncan et al., 1989; Ferris et al., 1990; Salama and Abd-Elgawad, 2010). Similar procedure was presented 
herein (Tables 3-7). Yet, Proctor and Marks (1975), investigating sampling optimization of Pratylenchus 
penetrans in small plots, found the time required to achieve such a high precision was even unacceptable for 
advisory purposes. Such reported plans which provide accurate and reliable information are of little value if they 
are too expensive to implement. The value of a field estimate for a pest species depends on many factors, 
including the cost of sampling, the cash value of the crop, the size of the area to be sampled, the state of 
development of economic threshold information, and the cost of treatments, if necessary. If the cost of sampling 
and advising is high relative to the cost of treating and unreliable at the same time, a grower may be inclined to 
treat without sampling. With the low cost of pesticides, this situation has occurred frequently (Goodell and 
Ferris, 1981). For example, since sampling intensity necessary to measure a phytonematode population with 
specified precision varies with population density, another feasible sampling approach for optimum sampling 
size for a management decision is based on the economic threshold population level associated with the 
management cost (Ferris, 1984; Duncan and Phillips, 2009). In this case, population densities below the 
threshold are measured with greater precision than required; those above the threshold are less precisely 
measured, but invoke management. Likewise, if more than one pest species were present in a field, it would be 
more conservative to use a sampling plan for the species requiring the highest number of samples. Other pest 
species would then be sampled with even greater levels of precision. In all such cases, our concern is to 
determine the sample size required to obtain an estimate of pre-described reliability, regardless of cost. On the 
other hand, we often in practice face the reverse problem, namely, a fixed amount of resource is available 
(hence, a fixed sample size when the cost per sample unit is known) and we want to determine the reliability of 
the estimates (Karandinos, 1976). Herein, we went to the other way round to the practical method that we 
initially defined the number of samples based on another decisive factor, i.e. finance. So, the number of samples 
is clearly dictated by the fund available for sampling (Table 8). Therefore, we can conclude that the feasibility 
of sampling intensity is certainly doubtful when high risks in terms of low sampling precision (reliability) are 
found in table (8). Hence, the tolerance limit for a pest species must be backed up by sound technical 
information and consequent judgments for each specific case. In this respect, it is important that growers have 
accurate topical information upon which to base decisions throughout the season. This can be gained by a 
combination of trap and plant inspections (Jacobson and Howlett, 2014). Counting active Tuta absoluta on the 
plants is more labour intensive but provides more reliable information than the use of pheromone traps. The 
counting procedure should be tailored to each individual site taking into account the type of crop, size of 
glasshouse and any other monitoring system that are already in place. Jacobson and Howlett (2014) reported that 
a typical system would have at least 24 sample stations per hectare with 10-12 plants at each station. Numbers 
of active mines are counted at 7-21 day intervals depending on the time of year, speed of population growth and 
control measures being taken. Eventually, comprehensive precautions and sound sampling for integrated pest 
management programs should be implemented for acceptable protection against pests and diseases in Egypt and 
elsewhere. 
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