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ABSTRACT
Objective: To compare the efficiency of a 30305 cm iron sampling frame (Frame30) with a smaller 
15155 cm one (Frame15), as sampling method for spittlebug eggs [(Aenolamia albofasciata (Lallemand)] that 
reduces the amount of soil removed, optimizes time used, and reduces the sampling effort.
Design/methodology/approach: Mean, variance, coefficient of variation, sampling effort, spatial 
arrangement, and sample size were determined with both sampling frames. Forty systematic soil samples were 
obtained using each frame in two plots planted with the variety MEX 69-290, and two others with MEX 
91-662. Each soil sample was mixed and homogenized to obtain a subsample of 250 g, from which eggs were 
extracted by decantation in saline solution. 
Results: Both frames estimated different numbers of eggs in the four plots ( )x s  (Frame15: 2.711.71; 
3.491.81; 2.742.08; 4.442.22; Frame30: 4.423.58; 6.653.92; 4.403.45; 7.844.54). Significant 
differences were found between sampling frames (P0.0001) and between plots (P0.0001), but not in the 
plot-sampling frame interaction (P0.1509). The optimal sample size (accuracy 0.1) was smaller with Frame15 
(40, 27, 57 and 25), compared to Frame30 (65, 34, 61 and 34). Both frames estimated a conglomerated spatial 
arrangement of eggs using three methods.
Limitations on study/implications: This study suggests changing the sampling frame used in Veracruz, 
Mexico, for a smaller, more efficient one.
Findings/conclusions: Frame15 reduced by 75% the soil removed, provided more accurate population 
estimates, and simplified field and laboratory management, compared with Frame30.

Keywords: spotted spittlebug, eggs, sampling metal frame, systematic sampling.

INTRODUCTION
	 The spotted spittlebug or salivazo [Aeneolamia albofasciata (Lallemand)] is one of the 
pests that most affects sugarcane production (Saccharum officinarum) in the Gulf of Mexico 
region (García-García et al., 2006) and the coastal zone of the Pacific Ocean (Parada-
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Domínguez et al., 2019), within an altitudinal strip comprising 10 to 1700 masl (Alatorre-
Rosas and Hernández-Rosas, 2015). The nymphs, which secrete a protecting foamy 
substance (Obando et al., 2013), feed from adventitious roots, main roots, stem and basal 
bracts (Hernández-Rosas and Figueroa-Rodríguez, 2011), while winged adults suck sage 
from the underside of the leaves, at the same time that they emit enzymes that block 
the vascular conducts and provoke linear chlorotic spots, as well as longitudinal necrosis 
(Badilla, 2002).
	 The preferred substrate for oviposition of the spotted spittlebug eggs is the soil around 
the variant of sugarcane, between the roots, at few centimeters of depth (Thompson and 
León, 2005). The eggs can enter or exit diapause depending on the moisture (Hernández-
Rosas and Figueroa-Rodríguez, 2011; Badilla, 2002). This biological stage does not 
cause harm, but its quantification (León-Hernández et al., 2014; Ramos-Hernández 
et al., 2018) allows estimating the population density of nymphs and adults (Auad et 
al., 2011), for which the application of methods for biological control (Bautista-Galvéz 
and González-Cortés, 2005; Parada-Domínguez et al., 2019), mechanical, trapping, and 
chemical control (Badilla, 2002; García-García et al., 2006; Ortiz-Laurel et al., 2014) are 
necessary.
	 In sugar mills of the central zone of the state of Veracruz, iron frames measuring 
30305 cm are used (Frame30) for soil extraction, necessary to count the spittlebug 
eggs; however, their use requires removing a large volume of soil (4500 cm3 or 6 kg), which 
represents greater sampling effort for the operator.
	 This study compares the number of spotted spittlebug eggs, the optimal sample 
size, the indicators of spatial distribution, and the sampling effort between soil samples 
collected with the Frame30 (30305 cm), versus a smaller frame (Frame15, 15155 
cm), in sugarcane plots of the varieties MEX 69-290 and MEX 91-662, during three 
sampling events.

MATERIALS AND METHODS
	 The soil samples used to count spotted spittlebug eggs were taken from four sugarcane 
commercial plots located in two municipalities of the state of Veracruz, Mexico: plots 1 
(Lat. 19.332350, Long. 96.369933) and 2 (19.338927, 96.353470) in El Salmoral, 
municipality of La Antigua, grown with the variety MEX 69-290, and plots 3 (19.314149, 
96.355744) and 4 (19.305975, 96.368308) in La Víbora, municipality of Paso de 
Ovejas, grown with the variety MEX 91-662. The physical and chemical characteristics 
of the soil from the four plots were obtained through the analysis methods indicated in 
the NOM-021-RECNAT (2001) during the three sampling dates: July 23, August 11, and 
August 30 in 2012.
	 A surface of 1.0 ha was selected in each plot, surrounded by an edge of 6 m of crop. 
To achieve high accuracy (0.1), 40 systematic sampling events were conducted per plot 
(Villanueva-Jimenez et al., 1993; Southwood and Henderson, 2000). In each sampling 
point, two sampling frames were used (15155 and 30305 cm), made from laminated 
iron beams with 3.250.8 mm thickness. The frames were buried to soil level, opposite to 
the variant and on the same furrow.
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	 The analysis was performed in the Plant Health Laboratory of Colegio de 
Postgraduados, Campus Veracruz, where each sample was weighed and homogenized to 
obtain a subsample of 250 g of soil ( 208.33 cm3). Next, each subsample was mixed with a 
saturated NaCl solution (70%) and was left resting for 30 min; then, it was sifted (30, 40 and 
60 nets) and washed with running water. The sieve content from 60 nets was mixed inside 
a separation funnel of 500 mL with saline solution (NaCl, 30%) and left resting for 10 min. 
The largest particles and the saline solution were kept in the bottom, while the spittlebug 
eggs floated in the supernatant. The eggs and the content from washes of the decantation 
funnel performed with a pipette with water were retained in a 710 cm organza fabric. 
The fabric was placed on a paper filter circle inside a Petri dish; 10 mL of distilled water 
was added to moisten the soil particles dragged with the eggs. The total number of eggs 
from each subsample was counted, with the help of a Stemi DV4 Carl Zeiss® stereoscopic 
microscope.

	 The optimal sample size was calculated with: n
s
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
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sample size, s is the standard deviation, x  is the mean, and C is the accuracy (Karandinos 
1976; Southwood and Henderson, 2000).
	 To determine the spatial disposition, the variance/mean ratio (Ledo et al., 2012), the 
Morisita index (Ledo et al., 2012), and Lloyd’s agglomeration mean index (Lloyd, 1967; 
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1 ,  where x  is the mean, s2 is the variance, and x  is the average of individuals 

in relation to other individuals. For the relationship between the mean agglomeration index 
( IA ) and the mean ( )x  to be easier to compare, the aggregation percentage was estimated, 

as the quotient between the index IA and the mean: 
I
x
A * %.100  To compare the efficiency 

of both sampling frames, the accuracy was estimated through the mean standard error 

( )Sx  and the efficiency with the sampling effort ( EM ), defined as: E S tM x= ( ),  where t, is 

the time invested and S
s

nx  .

	 A factorial analysis was carried out through PROC GLM from SAS, to identify the 
effect of the factors: plot (1, 2, 3 and 4), sampling frame (Frame30 and Frame15), and their 
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interaction. The effect of the sampling dates ( July-23, August-11, and August-30, 2012) was 
analyzed as means repeated in time (PROC MIXED, SAS).

RESULTS AND DISCUSSION
Soil fertility
	 The soil pH of the plots was alkaline, and differences were found in the clay content, 
which allows classifying the sampled soil as loamy clay or clay. The content of organic matter 
(OM) in the soil was rich and it did not present salinity. The macro and micronutrients (N, 
P, K, Ca, Mg, Fe, Cu, Zn and Mn) were found in adequate levels (1.0 mg kg1) (Table 
1), except for the zinc content (Zn) of 0.90 mg kg1 in plot 1 MEX 69-290, considered as 
marginal. The soil from the four plots presented good fertility (Salgado-García et al., 2013).

Sample of the optimal sample
	 The means and variances are lower in Frame15 than in Frame30 (Table 2). 
Approximately half the number of eggs was collected with Frame15 than with Frame30, 
but the variance was significantly lower. The samples obtained with Frame15 were more 
homogeneous. In addition, the sample sizes estimated with a high level of accuracy (0.1) 
(Villanueva-Jiménez et al., 1993; Southwood and Henderson, 2000) with Frame15 were 
lower than those calculated with Frame30.

Spatial disposition of spotted spittlebug eggs
	 The variance/mean ratio and the Morisita index ( I ) indicate that all the plots present 
aggregated distribution, except for plot 2, Frame15, variety MEX 69-290, where the 
variance/mean ratio (0.9381) indicates random distribution. With the Morisita index 
(0.9891) all the plots presented aggregated distribution. In every case, higher aggregation 
percentages ( IA ) were obtained with Frame15 than those estimated with Frame30, which 
can indicate that the aggregation of eggs is higher in the 15 cm closer to the stems of the 
variant than the 30 cm closer to the variant (Table 3).

Effectiveness of the sampling unit in different plots
	 To compare the accuracy between Frame15 and Frame 30, the standard error ( )Sx  was 
estimated, and the unit of effort ( EM ) was calculated for efficiency (Table 4).

Table 1. Chemical and physical characteristics of the sol in the sugarcane plots sampled in the trial.
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1 MEX 69-290 8.1 3.9 0.12 0.20 12 0.4 35.2 4.2 16 0.9 0.9 20 Clay loam

2 MEX 69-290 7.6 4.3 0.12 0.22 36 0.5 28.3 5.2 27 2.2 2.2 32 Clay

3 MEX 91-662 8.0 4.5 0.14 0.22 28 0.5 36.2 7.2 32 1.1 1.1 26 Clay

4 MEX 91-662 7.4 3.1 0.11 0.15 46 0.5 22.6 5.6 27 4.8 4.8 32 Clay loam
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	 The time to obtain 40 samples with Frame30 was 5.89 h, while to obtain the samples 
with Frame15 it was 2.44 h; in addition, the sampling effort ( EM ) obtained with Frame15 
was lower than with Frame30 (Table 4). Therefore, the use of Frame15 was more efficient 
in function of the standard error and the sampling effort. This agrees with what was 
reported by King (1975), who demonstrated that the use of small samples is as efficient to 
estimate spittlebug eggs as the samples of larger size.

The plot and the sampling frame
	 Table 5 presents the separation of Tukey’s means for the number of spotted spittlebug 
eggs, the plots used and the sampling frames. The factorial analysis (PROC GLM, SAS) 
showed significant differences between the frames (P0.0001) and between the plots 
(P0.0001), but not between the interaction frames-plot (P0.1509). The differences 
between plots can be due to local and ecological effects, as well as to differences in 

Table 2. Mean ( x ), standard deviation (s ) and optimal sample sizes ( n ) of Aeneolamia albofasciata eggs in sugarcane plots obtained with Frame15 
(M15) and Frame30 (M30).

Plot Variety xF15 sF15 nF 15 xF30 sF30 nF 30

1 MEX 69-290 2.7121 1.7167 40 4.4274 3.5881 65

2 MEX 69-290 3.4994 1.8124 26 6.6557 3.9214 34

3 MEX 91-662 2.7484 2.0836 57 4.4063 3.4517 61

4 MEX 91-662 4.4485 2.2297 25 7.8406 4.5478 33

Table 3. Variance/mean ratio, Mosirita index (I) and Lloyd’s mean agglomeration index (IA) to determine the degree of aggregation of 
Aeneolamia albofasciata eggs in sugarcane plots obtained with Frame15 (M15) and Frame30 (M30).

Plot Variety
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 (%)
1 MEX 69-290 1.086 1.041 1.031 38 2.907 1.439 1.430 32

2 MEX 69-290 0.938 0.989 0.982 28 2.310 1.201 1.196 17

3 MEX 91-662 1.579 1.222 1.210 44 2.703 1.394 1.386 31

4 MEX 91-662 1.117 1.032 1.026 23 2.637 1.212 1.208 15

s2variance; x mean; IAaggregation index.

Table 4. Comparison of the effectiveness between Frame15 (M15) and Frame30 (M30) to obtain samples of 
Aeneolamia albofasciata eggs in sugarcane plots, based on the standard error ( )Sx  and the sampling efficiency 
( EM ).

Plot Variety SxF15
EMF15

SxF 30
EMF 30

1 MEX 69-290 0.307 0.751 1.877 11.058

2 MEX 69-290 0.361 0.881 2.273 13.389

3 MEX 91-662 0.528 1.289 1.725 10.164

4 MEX 91-662 0.627 1.532 3.112 18.33
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management. In the four plots of this study, oviposition happened in slightly alkaline soils 
and with clay contents higher than 36%, but the differences in the soil are so small in 
texture, humidity, or pH, that they could hardly be attributed to these factors.

Sampling dates and egg density
	 The analysis of measurements repeated in time (PROC MIXED, SAS) of the total eggs 
extracted did not show significant evidence of the effect of the sampling date (P0.4568) 
or of the interaction sampling date-sampling frame (P0.2659), although it reiterates the 
differences found between sampling frames (P0.0001) (Table 6). 
	 According to García-García et al. (2006), one month after the rainy season begins, 
a large amount of eggs can be found from the mixture of different generations; that is, 
those recently oviposited, as well as eggs with different degrees of diapause (Morales and 
Gallardo, 1996). The samplings were carried out at the end of the months of July and 
August, during the rainy season, time when the spotted spittlebug population was already 
established in the entire crop.
	 These biological characteristics explain the average number of eggs found in 250 
g of soil analyzed with both frames (Table 6). Therefore, a greater agglomeration was 
observed, with lower variance and standard error in the number of spotted spittlebug 
eggs found in the area defined by the Frame15, as indicated by the aggregated 
disposition found both by the variance/mean ratio, the Morisita index, and Lloyd’s 
mean conglomeration index.

Table 5. Means separation and Tukey grouping (p0.05) of the variables variety and plot 
in sampling of Aeneolamia albofasciata eggs in sugarcane, with sampling frames Frame15 and 
Frame30.

Sampling Frame x Plot x

Frame15 (A)* 3.3521 4 (MEX 91-662) (A)*
2 (MEX 69-290) (A)
3 (MEX 91-662) (B)
1 (MEX 69-290) (B)

4.4486
3.4995
2.7485
2.7122

Frame30 (B) 5.8325 4 (MEX 91-662) (A)
2 (MEX 69-290) (A)
1 (MEX 69-290) (A)
3 (MEX 91-662) (A)

7.8407
6.6557
4.4275
4.4064

* Different letters in the same column denote statistical significant differences.

Table 6. Mean, standard deviation and Tukey grouping (p0.05) of total Aeneolamia albofasciata eggs 
by sampling frame (Frame15 and Frame30), through time, year 2012.

Sampling Frame x s Date x s

Frame15 (A)* 3.3521  2.0774
1 ( jul/23) (A)
2 (aug/11) (A)
3 (aug/30) (A)

3.4994  1.8124
3.3590  1.9255
3.9327  2.1469

Frame30 (B) 5.8325  4.1374
1 ( jul/23) (A)
2 (aug/11) (A)
3 (aug/30) (A)

6.6557  3.9214
5.5513  4.3801
5.4653  3.7266

* Different letters in the same column denote statistical significant differences.
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CONCLUSIONS
	 The use of a sampling frame for spotted spittlebug eggs of 15155 cm (Frame15) 
reduces the volume of soil extracted and decreases the sampling effort. Its use allows 
obtaining more accurate samples and with lower variation than those obtained with the 
traditional sampling frame of 30305 cm (Frame30). The estimation of the sampling 
size was also lower with Frame15. Therefore, the use of Frame30 can be substituted by 
Frame15 in sugarcane agriculture in Veracruz, Mexico.
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