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Abstract: The Lesser Date Moth (LDM) Batrachedra amydraula (Lepidoptera: Batrachedridae) is a
serious pest of fruits of date palm trees that causes economic losses in nearly all growing regions
globally. As one of the main methods for controlling this pest, the overuse of broad-spectrum insec-
ticides is applied. Population sampling methods are fundamental in the chemical control-based IPM
system, minimizing the negative effects of insecticides on the environment. A tentative sampling
method for LDM is recommended; however, conventional sampling schemes are complained due
to the time-consuming. Alternatively, binomial sequential sampling plans are often more efficient
and may allow samplers to fast classify pest infestations and make a control decision. The objectives
of this study were to determine the spatial distribution and develop binomial sequential sampling
for fast reliable estimation of LDM infestation on date palms. Throughout the province of Basra,
Iraq, eighty-four 1 ha date palm orchards were sampled from 2017 to 2019. The results of spatial
distribution pattern analyses by using TPL (a = 0.0695 and b = 1.4041) indicated that LDM on sam-
pling units (date palm spikelets) were highly aggregated in date palm orchards. The mean vs. pro-
portion infested (PT-m) (T= 0 to 5) models for LDM infesting sampling units (spikelets) revealed
relatively strong fits for LDM. Binomial sequential sampling models for LDM infesting date palms
were developed for action thresholds of 0.15, 0.25, and 0.35 proportions of spikelets with at least
three infested fruit (T=3). Binomial sequential sampling plans were validated using RVSP software
by the evaluation of operating characteristic functions and average sample number. We recommend
a minimum sample size of 28 and sampling efforts should be terminated at 90 samples for these
sampling plans.
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1. Introduction

Date palm tree Phoenix dactylifira (Palmales: Palmae) is one of the most important
fruit trees in the Arabian Peninsula including Iraq, Saudi Arabia, and UEA, and many
other countries of the world [1]. The total production of table date fruits was 1,132 million
metric tons globally in 2019/2020 [2]. In Iraq, the production of palm dates amounted to
approximately 735,353 tons with a yield average of 66.7 Kg/palm in 2020 [3]. The Lesser
Date Moth (LDM) Batrachedra amydraula (Lepidoptera: Batrachedridae) is a key pest of the
fruits of date palms on a wide geographical range, extending from North Africa to the
Middle East, as well as Pakistan and India [4-6]. Moths of this pest lay eggs on the fruits,
and larvae feed on both the immature and mature fruits, that causes gradually wilting
and drying of the fruits. Then, the color of infested fruits turns brown, and the large fruits
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usually fall to the ground ultimately [7,8]. The insect infests all varieties of date palm,
causing economic losses which may reach 25% where the palms left without management
[9]. In heavy infestation, these losses can be up to 100%, which leads to stripping the bunch
from the fruits [7,10].

In Iraq, pheromone traps is considered the most resourceful way to monitor LDM
moths and make a decision to determine timely pesticide use [11]. One of the major limi-
tations of monitoring by these traps is that it has not been proven in scientific research,
and unfortunately, farmers usually spray without proper assessment of LDM intensity
[12]. A reliable estimate of pest abundance is primarily required for integrated pest man-
agement. As an ecosystem-based strategy, IPM applied to manage pests or limit their
damage through the optimal use of available pest control techniques based on cost/benefit
analysis, that minimizing risks to human health and the environment [13].

The development of suitable sampling plans is fundamental to precisely estimate in-
sect abundance or infestation levels based on Economic threshold (ET) to apply better
possible control practice for the pests [14]. Sampling plans are usually developed upon
the categorization of the dispersal of the pests with specified sampling procedures and
sampling units [15]. Spatial distribution of pests is usually affected by the nature of the
components of plant hosts, as well as being affected by the competition factor among the
same species as (Interspecific competition) and among the different species (Intraspecific
Competition) [16,17]. The spatial distribution or the aggregation degree of pest greatly
affects the sample size requirements of the developed sampling programs, which classify
the population densities around the critical economic boundary [18,19]. However, various
studies of dispersal for the pests infesting date palms were done to build a sampling pro-
tocol for estimating the pest densities within their host plant habitat for the carob moth,
Ectomyelois ceratoniae (Zeller) (Lepidoptera: Pyralidae) infested the fruits of date palms in
California Date Gardens [20,21], Parlatoria blanchardi (Targioni-Tozzetti) (Hemiptera: Di-
aspididae) on Date Palm trees to develop a fixed size sampling plan in Iran [22], and for
Rhynchophorus ferrugineus (Olivier), which was aggregated pattern in date palm planta-
tions of Saudi Arabia [23].

A sampling plan with a fixed sample size is usually unproductive because it is time-
consuming during sampling fields with low or high pest abundance [24]. Alternatively,
Sequential sampling programs are very effective for estimating or classifying the pest pop-
ulation density for making an appropriate decision regarding pest control [25-28], that
reducing time and efforts spending in collecting samples [15,29].

Several sequential sampling programs have been developed to estimate the densities
of numerous pests infesting crops, such as aphids (Hemiptera) [30-35], lepidopteran pests
[36-38], and coleopteran pests [39-41], as well as the insects attacking the fruit trees, such
as fruit flies and borers [42-44].

The time needed to count pests is maybe the most significant limitation for develop-
ing the sampling schemes. Scouting of initial population densities of LDM is difficult due
to its ambiguous life stages and a time interval lag between early occurrence and the pres-
ence of signs or symptoms of infestation, all of which make it challenging to estimate this
pest density [10]. It is concerned that precisely counting of LDM density per tree required
considerable times, and the sampler may be unwilling to spend the necessary time, even
though the sequential sampling plan is credible (A. Alyousuf, personal observations). An-
other possibility, binomial (presence/absence) sampling plans, which are built on the ex-
pectable relationship between population densities of the pest and the proportions of sam-
pling units infested within the habitats, could offer a more capable method especially if
adapted to sequential sampling plans [29]. This type of sampling plan can reduce more
time and effort, thus reducing costs by more than 50% of sampling programs, compared
to the numerical sequential sampling programs [45-47]. Binomial sequential sampling has
been developed for various pests, such as aphids infesting cereals [48-50]; Listronotus mac-
ulicollis (Coleoptera: Curculionidae) larvae cause damage to turfgrass[51] and Macadamia
Felted Coccid (Hemiptera: Eriococcidae) infested Macadamia plantations [51]. However,
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currently, no sampling plans are available for estimating LDM density. Our objectives
were to determine the spatial distribution and develop a binomial sequential sampling
plan for IPM-decision-making for LDM in Date palms.

2. Material and Methods

Throughout the province of Basra, Iraq, 84 commercial production date palm planta-
tions were selected for sampling LDM from April to July of 2017, 2018, and 2019. Each
selected plantation was at least 1 hectare and consisted of 140 to 160 date palm trees.
Randomly, three trees were selected at each plantation, and 16 spikelets (25-35 fruits in
each spikelet) from different date palm bunch stalks per a date palm tree were examined
for infested fruit by LDM larvae. Usually, the infested fruits that have small holes close to
the pedicel showed typical symptoms of LDM attack. The numbers of infested fruits were
counted and recorded. Data set of 28 (sampled during 2019) from the 84 plantations were
not included for developing binomial sampling plan but were used to validate the sam-
pling plans.

2.1. Spatial Distribution Analysis

Spatial distribution pattern of LDM infestation was estimated form all data set, ex-
cept the data which utilized for validation, using Taylor’s power law (TPL) and clumping
parameter K values [25]. TPL defines the relationship between mean () and variance (s?)
for infested fruits as (equation 1):

s?=amP 1)

"

where “a” is referred to as a “sampling factor” and “b” is considered an “index of aggre-
gation” and indicates a uniform/regular (b <1), random (b =1), or aggregated/clumped (b
>1) distribution. Regressions were performed after a natural logarithm (In) transformation
for estimating the parameters a and b [52] (equation 2):

In(s?) = In(a) + bIn(m) ()

where the parameters, In (a) and b are the intercepts and the slope of the regression model.

The K value of the negative binomial distribution was estimated to measures the de-
gree of aggregation [25] using the following formula:

K = m?/(s* —m) 6)

The value of K>0, K<0 and K>8 indicates aggregated, uniform and random distribu-
tion respectively.

2.2. Evaluation of the Empirical Model Describing Pr and m Relationships

The proportion relationships of infested fruits and the mean numbers of infested
fruits per spikelet (Pr and m respectively) were evaluated for LDM by using the following
empirical model-equation of No. 4 [30,35,53,54].

In(m) = a+ bin(—In[1—P; ]) 4)

where T is a tally threshold which represents the numbers of infested fruits on a date palm
spikelet required for the classification as infested > T; Pris a proportion of infested fruits
with < T infested fruits; Tally thresholds of 0, 1, 2, 3, 4 and 5 were used; parameters a and
b of relationships of In (1) on In (1 - Pr) estimated by regression.
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2.3. Development of Binomial Sequential Sampling Plans for LDM

Binomial sequential sampling plans based on the “presence/absence” of infested
fruits on a spikelet were developed for LDM, depend on the above empirical model. Stop
lines for each action threshold were developed based on the sequential probability ratio
test SPRT by using the following equation [55]. Tally threshold (T=3) was selected for fur-
ther development due to the relatively high coefficient of correlation values (12) of the
regression model (equation 5) [30,35,56].

Ty(n) = Bn + A,

T,(n) = Bn — C ®)
In[(1 = Po)/(1 = Py)]/In [P (1= Po)/(Po(1 = Py))]
In[(1 - B)/a]/In [P (1= Py)/(Po(1 — Py, ))]
In[g/(1 = )]/ In [Py (1 = Py)/(Po(1 = P, )]

B
A
c

where n = the total number of samples; T,y =the cumulated numbers of spikelets with at
least T infested fruit (sampling unit). The upper (P1) and lower (Po) boundaries were set a
maximum of + 0.15 of action threshold proportions (0.15, 0.25, and 0.35); B = slope, A and
C = the upper intercept and lower intercept; Lower line (L) and upper lines (U) with type
Iand II error which set at a and 3 =0.10 or 0.05. Type I error is defined as treatment when
the LDM infestation is less than the economic threshold and type II error is defined if the
sampled date palm plantation is not treated when the LDM intensity is higher than ET.

Binomial sampling plans were validated using the Resampling for Validation of Sam-
ple Plans (RVSP) software [57] at only T=3. Program requirements are preset parameters
aand [3=0.05 and 0.10; the boundaries of P1 and PO were set to have a maximum of + 0.15
of Par, with a minimum sample size =10. RVSP performed 500 resampling iterations with
replacement were simulated for each data set of the twenty-eight independent planta-
tions. Operating characteristics (OC) and average sample size (ASN) for function each
proportion of action threshold (AT) were performed in RVSP to validate the binomial
models of sequential sampling plans for LDM; the OC and ASN values were plotted
against the proportion of infested plants with T number of infested fruits. The regression
models were analyzed and the plots of OC and ASN were generated by using SigmaPlot
14.5 software, whereas the binomial sampling models were plotted by using Microsoft
Office Excel (2016).

3. Results
3.1. Spatial Distribution

The infestation rate of LDM ranged from a mean of 0.521 to 11.875 infested fruits
/spikelets in the dataset for developing binomial sampling plans, and from 0.375 to 9.500
infested fruits/spikelets in the validation dataset. TPL regression model revealed that a
strong relationship between variance and mean of LDM. Taylor’s b value which was sig-
nificantly greater than 1.00 (b = 1.4041, a= 0.0695, 2= 781, t = 4.927, P< 0.0001; Fig 1) indi-
cated an aggregated dispersion. Furthermore, the clumped parameter (K value= 2.565)
showed aggregation distribution of LDM infesting date palm fruits.

3.2. Binomial Sampling plans
3.2.1. Tally Threshold Determination

The significant relationship between the mean number of infested fruits and propor-
tion infested spikelets (Pr-m) models revealed relatively robust fits for LDM infesting date
palm fruits (Table 1). As the mean number of infested fruit increased, the proportion of
infested spikelets increased as well. The model with T=3 and 4 showed relatively strong
fit (12=0.856 and 0.866 respectively, P< 0.0001) and were the most predictive for the sam-
pling plan. However, T=3 (Fig 2) was chosen for binomial sampling plan development
because both tally thresholds (T=3 and 4) had almost the same relatively high coefficient
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of correlation values (r2) of the regression models. However, the Models describing PT-m
relationships with T=0, 1, and 2 were relatively weak (2 <0.73) and may not be appropri-
ate to further develop binomial sampling plans for LDM.
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Figure 1. Taylor Power Law regression for Lesser Date Moth in date palm.

Table 1. Estimated parameters from mean vs. proportion regression models with different tally
thresholds for date palm fruits infesting by Lesser Date Moth in date palm plantations in Basra
during 2017-2019 growing seasons. .

T N Intercept Slope MSE 2
a+SE b+ SE
0 52 -0.138 +0.054  0.551 + 0.060 0.084 0.629
1 53 -0.420+0.067 0.674+0.074  0.129 0.621
2 55 -0.927 £0.059  0.735+0.061 0.099 0.729
3 50 -2.878+0.112  1.960 + 0.101 0.239 0.856
4 43 -3.796 +0.132  2.008 +0.125 0.237 0.866
5 26 -4.052+0.240 1.979+0.179 0.298 0.842
2
& 1]
£
§ 0
.é -3 4
£ 4
5 T T T
-1 0 1 2 3

Mean of infested fruits/ sample unit

Figure 2. Empirical relationship curve between the proportion of spikelets infested with 3 or more

infested fruits and the average number of infested fruits per spikelets.



Proceedings 2021

6 of 11

3.2.2. Development of Wald’s SPRT binomial sequential sampling plans

Binomial sampling plans were developed with tally threshold T= 3 at three action
threshold proportions (0.15, 0.25, and 0.35) corresponding to the mean of numbers of in-
fested fruits of less than 10 infested fruits per spikelet (=0.35) (Fig. 3). They are utilized to
an injury classification of LDM infestation as above or below economic thresholds de-
pending on presence/absence total numbers on defined sample units. Indeed, if the cu-
mulative number of infested spikelets (sample units) increases above the upper stop line,
then management procedure is recommended because LDM infestation is probably to be
above the action threshold. Otherwise, if the cumulative number of infested spikelets falls
below the lower stop line; at that point, the management procedure is not recommended
because the infestation is likely to be below the action threshold. Total numbers that fall
between stop lines after a maximum number of samples have been taken would also lead
to no management recommendation, however, a resampling would likely be needed fol-
lowing a characterized number of days. However, our proposal to terminate sampling at
90 samples and resampling after the following 7 days if necessary as these are acceptable
for pest control professionals in managing sampling LDM in date palm plantations.

30 Action Tthresholds=0.15 proportion infested 30
aandB=0.1.............
o and B=0.05

Number of plant infested >3

20

10

0

10 20 30 40 50 60 70 80 90 100

Number of samples inspected

20

10

Number of plant infested >3

0 10 20 30 40 50 60 70 80 90 100
Number of samples inspected

C) (b)

30
20

10

Number of plant infested >3

0O 10 20 30 40 50 60 70 80 90 100
Number of samples inspected

(©

Figure 3. Decision stop lines for binomial sequential sampling plans for LDM-infested date palm fruit proportion action
thresholds of (A) 0.15 (B) 0.25 and (C) 0.35 on spikelet (sampling unit) during the growing season in Basra. Tally thresholds
were set at zero (T> 3). Error parameters o and 3 were set at 0.05 (dashed line) and 0.1 (solid line).

3.2.3. Validation of Sampling Protocols

Binomial sequential sampling plans for LDM were validated by evaluating the OC
and ASN functions of the action thresholds (0.15, 0.25, and 0.35) at a tally threshold of T=3
that are illustrated in Fig. 4 [57]. The OC values, which define the precision of the sampling
plans, represent the probability of no action when the pest populations reach a specified
density. While ASNs indicate the efficacy of the sampling plans and refer to the required
sample size to make the proper pest management decision. The proportion of spikelets
infested By LDM in validation fields ranged from 0.041 to 1.00, and the OC functions were
influenced slightly by changes to the ATs and decreasing the probability of error a and
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from 0.1 to 0.05 (Fig. 4, Table 3). However, and as expected, changes to the AT’s and ot and
[ error rates altered ASN significantly. For example, an ASN of 38 was required and de-
creased to 28 a and 3 set at 0.05 at the action threshold of 0.15 of infested spikelets. By
increasing the AT to 0.25, the ASN increased to 46 and 32 at a and f3 to 0.05 and 0.1, re-
spectively. In general, the steep slope around the ideal operating characteristics value of
0.5 are reflective of the accurate and precise sampling plans [24,58,59]. Among validated
ATs, the sampling plan appears to operate optimally at 0.25 and 0.35 proportion (25 and
35 % spikelets infested with T> 3) have closest value of the operating characteristic of 0.5
and reflect the most preferred and accurate plans. Depending on the relevant ASN curves,
sample sizes are required to reach the base of the sampling stop lines were about 46 and
32 for AT of 0.25 and about 43 and 31 for AT of 0.35 at a and {3 to 0.05 and 0.1, respectively.

Table 3. Summary of the validation of SPRT binomial sequential sampling plans by using RVSP
for infested date palm fruits by LDM.

Average of statistics for 500 sequential sampling iterations

AT ocC ASN

0.05 0.1 0.05 0.1
0.15 0.248 0.245 38 28
0.25 0.443 0.436 46 32
0.35 0.509 0.512 43 31

AcOon threshodd (AT) = ®05 , o and § = 008
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Figure 4. Operating characteristic (OC) (a, ¢, €, g, i, and k) average sample number
(ASN) (b, d, £, h, j, and 1) for binomial Scheme 0. 0.25 and 0.35 and 0.50 proportion of
spikelets infested with at least three infested fruits (T> 3) with error parameters a and
=0.05 and 0.1.
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4. Discussion

There are no accurate economic thresholds for LDM infesting date palm plantations
in the Province of Basra. Furthermore, the producers are disinclined to risk and are rou-
tinely noticed using insecticides at much lower LDM infestation levels [10]. Thus, estab-
lishing an initial monitoring procedures is expected to determine LDM population densi-
ties and develop a more preferred and reliable sampling plan in IPM program, which is
fundamental for making a control decision of the pest [15]. For that, checking infested or
uninfested spikelets, instead of sampling all infested fruits per spikelet per a palm, might
be utilized as an efficient sampling technique. Considering these perceptions, Binomial
sampling plans were developed for LDM infesting date palms. Knowledge about the spa-
tial distribution or the degree of aggregation for an insect species greatly affects sample
size requirements for sampling plans used to estimate or classify pest densities [18,19].
The spatial distribution indices indicated that the LDM has an aggregated/ clumped dis-
tribution in date palm plantations; similar results were obtained to carob moth (Lepidop-
tera: Pyralidae) infested the fruits of date palms in California Date Gardens; Park and Per-
ring [21] reported b coefficient from TPL regressions of >1.

In our study, Binomial sampling plans were developed with tally threshold T= 3 at
four action threshold proportions (0.15, 0.25, and 0.35). Sample sizes always increase when
intensities are close to the action threshold, but for low and high intensities, the ASNs are
not prohibitive for making management decisions. Choosing lower o and [ rates decrease
the expected errors of the sampling plans, but this must be weighed against the cost of
increasing sample size required to make treatment decisions. Overall, ASN numbers (Ta-
ble 3) seem reasonable relative to those for LDM in date palms, and deployment of the
binomial sequential sampling for LDM in date palm would likely be acceptable, especially
with error rates for ot and {3 set at 0.1. Binomial sequential sampling plans were developed
and validated for LDM in Basra, and these plans when utilized for IPM decision making
should save time and costs over enumerative sequential sampling plans [29,45,60].

The sampling procedure arising out of this work is reliable and correspond to existed
sampling programs of date palm insects [21-23]. The slopes and width of indecision zones
for these binomial sequential sampling plans (Figs. 3) were developed using standard for-
mulas that reflect economic threshold values, the degree of population clumping, and ac-
ceptable Type I and Il error rates [57]. They function to classify LDM intensities as above
or below economic thresholds based on presence-absence counts on specified sample
units. We recommend terminating sampling at 90 samples and resampling after 7 days if
needed as these are acceptable for pest management specialists sampling LDM in date
palm plantations.
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