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Abstract: The red palm weevil (RPW), Rhynchophorus ferrugineus, is widely considered to be highly
invasive and the most damaging insect pest affecting palms in the world. Nonetheless, the prevention
or significant slowing of the spread of RPW mainly relies on the application of integrated pest
management (IPM) programs. This study aimed to evaluate farmers” adoption of RPW IPM practices
and examine the differences in adoption according to the farmers’ socio-economic attributes and their
farm characteristics. The data were collected from 156 farmers through structured questionnaires
by the Al-Kharaj governorate, Saudi Arabia. The findings showed that the farmers moderately
adopted the categories of legislative control (54.77%) and cultural practices (50.44%), whereas they
were showed a low-level adoption regarding the prevention, mechanical control, and chemical
control categories. The cluster analysis revealed two variable farmer segments, “low adopters” and
“moderate adopters”, based on the average level of adoption of the 23 IPM practices examined. The
cluster of “moderate adopters” accounted for 57.1% of the samples and had a higher average adoption
in terms of all the practices investigated. Significant differences (p < 0.01) were found between the
two groups of farmers, corresponding to their age, education level, farm size, farming experience,
number of date palm trees on the farm, off-farm income, farming activities, source of irrigation,
type of irrigation, growing of the ‘Khodri’ cultivar, growing of the ‘Barhi’ cultivar, and tree spacing.
The results suggest that implementing campaigns to increase public awareness of the consequences
resulting from the non-adoption of IPM, enhancing the participation of date palm farmers in the
area-wide IPM strategy, and improving recognition behavior by detecting RPW with digital devices
are useful actions.

Keywords: red palm weevil; integrated pest management; farmers; adoption; sustainable agriculture;
agricultural extension; Saudi Arabia

1. Introduction

Date palm (Phoenix dactylifera L.) is the most important crop in Saudi Arabia, where
it serves as a significant source of vitamins, minerals, and fiber [1]. In addition to being
a very good source of food, dates provide various antioxidants that may help to prevent
the development of certain chronic illnesses, such as diabetes, heart disease, cancer, and
Alzheimer’s [2,3]. According to the Ministry of the Environment, Water, and Agriculture
(MEWA) report [4], there are over 31 million date palm trees in the country, covering an
area of 107,000 hectares (ha). In 2021, Saudi Arabia ranked second after Egypt in the total
production of dates, with an amount of 1.5 million tons. Moreover, dates are the key driver
of Saudi Arabia’s agricultural exports, since it ranked first in the export of dates in 2021,
with an amount of 215,000 tons. Saudi Arabia is not only one of the leading producers of
date palm but also one of the centers of diversity of this crop, which comprises 17 cultivars
in the arid regions of the world, including the Middle East, North Africa, and the Arabian
Peninsula [5]. Despite the significant increase in date palm production in Saudi Arabia, the
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average yield is low compared with other date-producing countries [6,7], mainly due to
insect pests and plant diseases, poor management practices, and the low yield potential of
certain cultivars [8,9].

Insect pests are a key factor affecting global food security [10,11] and are one of
the main constraints on date palm production in Saudi Arabia [12]. Undoubtedly, The
red palm weevil (RPW) Rhynchophorus ferrugineus Olivier (Coleoptera: Curculionidae) is
among the world’s most severe pest species affecting palms that causes considerable crop
losses [13,14]. The cryptic life of weevils occurs inside the palm truck, leading to the
infested palm’s collapse and death by destroying the palm trunk’s vascular system [15].
This invasive pest was first reported in South Asia as a pest of coconut (Cocos nucifera) [16],
and it has become the major pest of 40 palm species belonging to 23 different genera
worldwide [17]. In Saudi Arabia, it was first detected in approximately the mid-1980s in
the eastern part of the country [18] and then spread to other date-growing areas, mainly
through infested planting materials transported for landscape gardening and farming [19].

Due to the global seriousness of RPW, the FAO has identified it as a ‘category-1" insect
pest of date palm in the Gulf region [20]. In its ‘Rome Declaration” in March 2017, the FAO
expressed the urgent need for RPW’s eradication by unifying the efforts between date palm
farmers and the agricultural organizations in palm-growing countries [21]. The numbers of
infested date palm trees by RPW are rising rapidly. According to the MEWA's statistical
book of 2020, the number of infested trees in 2020 was 382, 500, compared to 80,000 in
2017 [22], and this is not to mention the overall economic loss due to the management and
eradication of RPW in date palm, which is estimated to be more than USD 8.69 million every
year [23]. In Saudi Arabia, date palm is a historical fruit that is grown predominately by
different categories of farms of various sizes all over the region [24]. Therefore, prompt and
serious action with respect to RPW control should be implemented, since, if left unattended,
this invasive pest may threaten the livelihood security of palm-farming communities [25].

The control of RPW primarily relies on the use of synthetic pesticides [26]. However,
such practices are not sustainable, deteriorate environmental quality, endanger biological di-
versity, and have negative effects on human health [27,28]. Furthermore, Al-Ayedh et al. [29]
argued that synthetic pesticides do not provide adequate control of RPW. These setbacks
have led to a growing demand for the implementation of an integrated pest management
(IPM) strategy for date palm pests [30,31]. This strategy depends upon the utilization
of all possible control strategies, including cultural techniques, ecosystem health tech-
niques, and biological and chemical techniques, in order to encourage the reduction in
pesticides while maintaining the crop yield, quality, and profits [32,33]. The current RPW
IPM strategy is based on several components, including periodic field surveys for detecting
infestations, the removal of severely infested palms, pheromone trapping, maintaining crop
and field sanitation, preventive and curative chemical treatments, phyto-sanitation and
agro-techniques (treating hidden breeding sites, including neglected and closed gardens,
palm and field sanitation, and palm injury prevention), and training and supplementary
education [19,34]. Nevertheless, farmers should adopt such components to ensure the
effective control of RPW and, in turn, achieve environmental sustainability and a secure
livelihood in rural areas [14,25].

Adopting RPW IPM concepts and practices might increase the overall resilience
of farms and enhance the natural capital while ensuring the financial capital of palm
farmers [35-37]. Despite the fact that, today, many RPW preventive and curative measures
are in place, they have not achieved the expected outcomes, and their application is still
partial and jeopardized due to several challenges [20,38,39]. The challenges in managing an
RPW IPM strategy in most of countries can mainly be addressed by the better involvement
of all the stakeholders in awareness and capacity-building activities; enhancing research in
the field of biological control and early detection technologies; the evaluation of preventive,
curative and eradication treatments; better enforcement of quarantine measures; and the
assessment of the role of agricultural practices in RPW control [39-41].
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To foster and encourage the application of RPW IPM programs that suit the farming
context in developing countries such as Saudi Arabia, an analysis of farmers’ patterns in
adopting the different components of these strategies is crucial [37,42]. Evidently, determin-
ing the adoption gap is vital for enhancing the RPW IPM programs by adapting the RPW
management practices to local farming systems [43,44]. Meanwhile, it is also important
to develop awareness campaigns and extension programs [45,46]. Limited studies at the
local and international levels were available to analyze the adoption rate of RPW IPM
among farmers and the ways in which their socio-economic attributes can influence this
rate. Only one empirical survey [25] performed in Saudi Arabia on this topic studied the
nexus between farmers” adoption of RPW IPM and their knowledge of the symptoms. In
light of ongoing justifications, the literature fails to cover this topic. Therefore, this study
aims to analyze the actual adoption rates of RPW IPM practices. Moreover, it seeks to
determine the differences in adoption based on the farmers’ socio-economic attributes and
farm characteristics.

2. Materials and Methods
2.1. Description of the Study Area

The present study was carried out in the Al-Kharj governorate (24.1589° N, 47.3279° E),
as shown in Figure 1. The Al-Kharj governorate is located in the Riyadh Region in central
Saudi Arabia, located around 100 km from the capital, Riyadh. In terms of its administration,
the governorate is comprised of 21 districts. Three districts were selected randomly for
the data collection in the northern and central parts of the governorate, namely, Al-Rafiaa,
Al-Hyathem, and Naajan. The total area of the governorate covers 19,970 km?, equivalent
to 5% of the Riyadh Region’s total territory. Out of this area, agricultural lands occupying
about 40,000 hectares are distributed over 7112 farms [47]. According to the General
Authority of Statistics report [48], the population of the Al-Kharj governorate in 2017 was
332,243, representing approximately 4% of the Riyadh Region’s population and 0.97% of
the overall population of Saudi Arabia. The climate of the governorate is continental, being
dry and cold throughout the winter and hot throughout the summer, with the annual
mean temperature ranging between 5°-18° Celsius (C) in winter and 31°-48° in summer.
Moreover, the annual rainfall ranges between 95 and 185 mm [49]. Date palm is the most
important crop cultivated in the study area. Other crops, including alfalfa and wheat,
are cultivated, as well as vegetables in open fields and greenhouses (tomatoes, cucumber,
pepper, squash, lettuce, eggplant, watermelon, and cantaloupe) [47]. Groundwater wells
are the main source of irrigation in the governorate. Additionally, there are some natural
springs used to supply some agricultural lands with water through a set of channels [50].

@ Al-Rafiaa
@ Al-Hyathem
@ Naajan

10 km

Figure 1. Map of the study area showing the selected districts.
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2.2. Sampling Procedures

The population of the study consisted entirely of small-scale date palm farmers
(<10 hectares) in the three districts of the governorate in the agricultural season of 2019 /2020
(N = 856). Following Yamane’s [51] sample size determination formula, systematic random
sampling was employed to select a total of 165 respondents from the selected districts, as

indicated in the formula below: N

T 1+N(e)

where n = sample size, N = the total number of respondents, e = accepted sampling error
(5%), and N = 856. Therefore,

n

M

856

- _op 2
N 11 856(0.052) @

The farmers were listed according to their farm numbers. After determining the
sampling fraction (3) by dividing the population by the sample size, we selected every
3rd number to obtain a sample consisting entirely of the respondents. As we needed to
select three farmers from every ten on the list, we depended upon the 3rd farmer as the
starting point and then selected every 3rd farmer from that point. If a randomly selected
respondent was not available during the data collection, the next consecutive farmer on the
list was invited for the survey.

2.3. Survey Data Collection

The survey was performed between October and December 2019. Face-to-face inter-
views were conducted based on the sample identified using structured questionnaires. Of
the 272 questionnaires sent to the farmers, 156 questionnaires were returned, representing
a response rate of 57.3%. The questionnaire included two sections. The first section focused
on collecting information on socio-economic and farm characteristics, while the second
section explored the farmers’ level of adoption of pest management practices for RPW. The
index of the IPM practices consisted of 23 practices grouped into four categories: preven-
tion (five practices), legislative control (five practices), cultural practices (four practices),
mechanical control (six practices), and chemical control (three practices). These practices
were adopted based on a previous study conducted in Saudi Arabia in the same field. The
data collection tool was first prepared in English and then translated into Arabic. To ensure
the content validity of the tool, five experts in the plant protection department of King
Saud University were selected to revise the contents and assess their suitability in the Saudi
context. Moreover, a pilot test was conducted on ten farmers in the study area prior to the
data collection. All suggestions and comments were revised and addressed in the final
draft of the questionnaire. Using Cronbach’s alpha test, the reliability of the IPM scale for
RPW was examined (0.88), indicating that the data had relatively high internal consistency.

2.4. Variable Measurement

A five-point Likert scale ranging from 1 = never to 5 = always was used to assess
farmers’ level of adoption of RPW control. The farmers’ level of adoption of each practice
was calculated using the relative weight (%), as follows [52]:

Y Pi x wi
Y n X Wmax

where Pi = each parameter amount (frequencies in each category); wi = each parameter
weight; n = the sample size; and Wmax = the maximum weight of the parameter.

Similarly, the overall adoption score for each category was summed and converted
into a percentage. The farmers’ adoption was classified into three categories: low adoption
if it was less than 50%; moderate if it was between 50 and 75%; and high if it was more
than 75%.
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2.5. Data Analysis

The statistical techniques in this study were performed using the Statistical Package
for Social Sciences (ver. 25.0, IBM Corp, Armonk, NY, USA). Descriptive statistics such
as frequency distributions, percentages, and the arithmetic mean were used to analyze
and report the responses of the respondents. Agglomerative hierarchical cluster analysis
was also used to identify the similarities/differences between the studied practices with
respect to the average score of adoption [53]. The Euclidean distance was employed in
this paper as a dissimilarity measure, and Ward’s method was applied for the hierarchical
clustering of the practices. The Mann-Whitney test was then implemented in order to
identify statistically significant differences between the two groups identified in the cluster
analysis [54]. Furthermore, the chi-squared test of independence was used to examine
the differences between clusters regarding the farmers’ socio-economic attributes and
farm characteristics [55]. A graphical representation of the results of the cluster analysis,
including a dendrogram and a heatmap, was created using BioVenci (ver. 2; BioTuning
Corp., San Diego, CA, USA).

3. Results
3.1. Profile of the Respondents

The socio-economic profile of the farmers interviewed is presented in Table 1. The
results showed that less than half of the respondents (45.7%) were aged between 40 and
60 years, with the mean age of 56.35 years. Most farmers (51.9%) had less than seven years
of education, while only 10.9% of them had more than 12 years. The farming experience
of the farmers ranged between a minimum of 8 years and a maximum of 65 years, with
an average mean of 25.71 years of experience. On average, the farmers managed 2.8 ha of
farmland and 628.33 trees on their farms. Most of the farmers interviewed (59%) had off-
farm incomes. A minority of the respondents (9%) had had frequent contact with extension
services for RPW control in the last three years. Regarding the farm characteristics (Table 2),
the findings also revealed that 50% of the farmers cultivated both date palm and vegetables,
23.1% cultivated date palm only, 18.6% cultivated both date palm and field crops, and 8.3%
cultivated vegetables, field crops, and vegetables. The farmers mentioned surface water
and ground water as the main sources of irrigation in the study area, with the percentages
of 34.6% and 65.4%, respectively. Furthermore, more than half of the respondents (57.7%)
used drip irrigation on their farms, while 42.3% of them used flood irrigation. Among the
five cultivars grown on the date palm farms, the ‘Khalas’ and ‘Khodri’ cultivars were the
most frequent cultivars, with the percentages of 83.3% and 80.8%, respectively. Finally,
a small proportion of farmers (12.2%) followed the recommended spacing between date
palm trees (8 x 8 m?), according to the documented cultivars in this study and the farming
context in the study area.

Table 1. Socio-economic profile of the respondents.

Number of Farmers (n = 156)

Farmers’
Characteristics Frequency % Min. Max. Mean Standard Deviation
Age

Less than 40 years 22 14.1
40-60 years 71 455 28 80 56.35 13.67

More than 60 years 63 40.4

Education

Less than 7 years 81 51.9

7-12 years 58 37.2 0 16 8.11 4.26

More than 12 years 17 10.9
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Table 1. Cont.

Number of Farmers (n = 156)

Farmers’
Characteristics Frequency % Min. Max. Mean Standard Deviation
Farming experience

Less than 20 years 61 39.1
20-30 years 59 37.8 8 65 25.71 17.78

More than 30 years 36 23.1

Farm size

Less than 3 hectares 92 59.0
3-5 hectares 47 30.1 1 8 2.80 1.61

More than 5 hectares 17 10.9

Number of date palm trees on the farm
Less than 500 trees 92 59.0
500-1500 trees 33 21.2 200 4000 628.33 364.25
More than 1500 trees 31 19.8
Off-farm income

Yes 92 59

No 64 a1 0 1 0.58 0.36
Attending extension activities for RPW in the last three years

Frequently 14 9.0
Sometimes 30 19.2 1 3 1.37 0.64

Rarely 112 71.8

Table 2. Descriptive summary of farm characteristics.

Frequency

Farm Characteristics (0 = 156) %
Crops
Date palm only 36 23.1
Date palm and vegetables 78 50.0
Date palm and field crops 29 18.6
Date palm, vegetables, and field crops 13 8.3
Source of irrigation
Surface water 54 34.6
Groundwater 102 65.4
Type of irrigation
Flood irrigation 66 423
Drip irrigation 90 57.7
Cultivars *
Khodri 130 83.3
Barhi 93 59.6
Shishi 81 51.9
Khalas 126 80.8
Salg 28 17.9
Tree spacing
4 x 4m? 24 15.4
5 x 5m? 33 21.2
6 x 6 m? 44 28.2
7 X 7 m? 36 23.0
8 x 8§ m?2 19 12.2

* More than one answer was allowed; percentages of categories do not add up to 100.

3.2. Farmers” Adoption of IPM for RPW Control

The results regarding the adoption of preventive measures for RPW control are de-
picted in Figure 2. The results in Figure 2 show that the preventive measures examined
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were considered as a low level of adoption. The range of adoption ranged between a maxi-
mum relative weight of 47.65% for the practice of “removing offshoots” and a minimum of
35.51% for the practice of “using pheromone traps”. The adoption of the legislative control
measures investigated ranged between moderate and low levels of adoption (Figure 3).
The results in Figure 3 indicated that the practice of “not allowing anyone to transfer
infested offshoots from an infested farm” was the highest adopted measure, with a relative
weight of 69.11%, while “burning and burying the infested palm” was the measure least
adopted by the respondents (41.66%). In the same vein, the farmers” adoption of cultural
practices ranged between moderate and low levels (Figure 4). However, the importance of
maintaining the recommended distance between trees had a low level of adoption (49.48%).
By contrast, the other cultural practices were moderately adopted.

Relative weight (%)

0
[S2]

o
I

0
w

R
N

o
[y

I /358
I, -5 51
I, .15
I, /756
I, ::sc

10 20 30 40 50 60 70 80 90 100

Prevention practices

Figure 2. Farmers’ adoption of prevention practices for red palm weevil control. (P1 = checking
trees at regular intervals to detect early infestation, P2 = removing offshoots as a protective measure,
P3 = removing fonds by applying pruning in the winter, P4 = using pheromone traps to detect early
infestation, P5 = treating wounds resulted from the removal of frond bases and offshoots using

contact pesticides).

Relative weight (%)

L5

—
>

L3

L2

L1

] 69-11
) 47.94
I 56.15
[ 4166
I  65.89

0

10 20 30 40 50 60 70 80 90 100

Legislative control practices

Figure 3. Farmers’ adoption of legislative control practices for red palm weevil control. (L1 = adhering
to the measure against transferring infested trees or offshoots to non-infested areas, L2 = burning and
burying the infested palm far away after cutting it into small portions, L3 = adhering to the measure
against transferring infested palm waste to other areas, L4 = surveying RPW-infested palms and
informing the authorities when necessary, L5 = not allowing anyone to transfer infested offshoots
from an infested farm).



Horticulturae 2022, 8, 1005

8 of 18

Relative weight (%)

O
H

(@]
w

(@]
N

@)
iy

o

49.48

52.31

50.12

51.14

10 20 30 40 50 60 70 80 90 100
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Figure 4. Farmers’ adoption of cultural practices for red palm weevil control. (C1 = adhering to the
time and depth specified for planting offshoots, C2 = applying moderate irrigation to reduce humidity
on farms, C3 = adhering to good plowing before planting, C4 = maintaining the recommended
distance between trees).

The findings also revealed that three practices out of the six mechanical control prac-
tices examined in this study were moderately adopted by the farmers, while the other
practices were considered as having a low level of adoption (Figure 5). The mechanical
control practices with the highest relevance rankings in the order of their adoption were
eradicating infested palms (61.92%), removing weeds and dry trunks and disposing of
them (49.61%), closing all openings on the trunks of palms (44.35%), scraping infested
areas until healthy tissue is exposed (42.69%), removing infested or dead trees and the
pruning products on neglected farms (40.38%), and covering the roots of small trees with
soil to a height of 20 cm (37.69%). However, the assessment of the three statements per-
taining to chemical control practices (Figure 6) demonstrates that farmers considered the
adoption of chemical control practices (i.e., dusting farms, spraying pesticides of various
quantities and qualities within the specified time, and spraying according to the extension
recommendations) as being a low-level requirement (relative weight < 50%).

Relative weight (%)

10 20 30 40 50 60 70 80 90 100
Mechanical control practices

Figure 5. Farmers’ adoption of mechanical control practices for red palm weevil control. (M1 = cover-
ing roots of small trees with soil to a height of 20 cm to prevent insect attacks, M2 = removing weeds
and dry trunks and disposing of them in the recommended way, M3 = eradicating infested palms,
M4 = removing infested or dead trees and the pruning products on neglected farms, M5 = closing all
openings on the trunks of palms, M6 = scraping infested areas until healthy tissue is exposed).
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Relative weight (%)

CH3

CH2

CH1

41.66
42.56
44.23
20 40 60 80 100
Chemical control practices

Figure 6. Farmers’ adoption of mechanical control practices for red palm weevil control. (CH1 = spray-
ing according to the extension recommendations, CH2 = spraying pesticides of a proper quantity and
quality and within the specified time frame, CH3 = dusting farms).

In general, Table 3 shows that farmers moderately adopted the categories of legislative
control (54.77%) and cultural practices (50.44%), whereas a low level of adoption was
observed regarding the remaining categories. To sum up, the percentage of the overall
adoption of RPW IPM practices was 47.65%, indicating a low level of adoption.

Table 3. Overall adoption of integrated pest management categories for red palm weevil control.

Categories of Practices Adoption Level Min. Max. Rank
Mean (%) SD

Prevention 43.30 14.83 25.00 75.00 5

Legislative control 54.77 12.72 30.00 75.00 1
Cultural practices 50.44 16.53 25.00 75.00 2
Mechanical control 45.75 14.40 25.00 70.83 3
Chemical control 43.96 19.98 25.00 75.00 4

Total 47.64 15.69 25.00 75.00

3.3. Cluster Analysis

Hierarchical clustering analysis was used, followed by the Mann-Whitney U test,
to examine the significant differences between clusters. Two clusters were identified,
representing the most significant difference in the adoption of RPW IPM practices. Cluster
one consists of the respondents who moderately adopted the examined practices, and
this group represents 57.1% of the sample (89 observations). On the other hand, cluster
two consists of farmers who were less willing to adopt RPW IPM practices, and this
group accounts for 42.9% of the respondents (67 observations). As denoted in Table 4, the
means of adoption for cluster one are higher than those of cluster 2 and were significantly
different at the probability level of 0.01 for all the practices examined. The differences and
similarities between the various practices are visually illustrated in the dendrogram and
heat map generated by the hierarchical clustering analysis of adoption data (Figure 7). The
visual presentation of the cluster analysis, as shown in the heat map (Figure 7), illustrates
significant differences between the two clusters regarding the L4, C1, and C2 practices. This
was confirmed by the standardized test statistic (Z-score) values for these practices, which
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obtained higher mean differences (—10.199, —10.282, —10.856, respectively) between the
two clusters compared to the other practices.

Table 4. Differences between clusters according to the adoption of IPM practices for RPW control.

Cluster I (n =89)

Cluster II (n = 67)

Mann-Whitney

Practices Mean SD Mean SD U z p-Value
P1 2.41 0.97 1.51 0.55 1.416.000 ** —6.213 0.00
P2 2.92 0.88 1.69 0.77 1.041.000 ** —7.386 0.00
P3 2.94 1.00 1.54 0.65 881.000 ** —8.025 0.00
P4 2.37 0.98 1.26 0.15 1.072.500 ** —7.929 0.00
P5 2.82 0.87 1.45 0.55 701.000 ** —8.775 0.00
L1 3.44 0.66 2.81 0.66 1.682.000 ** —5.269 0.00
L2 2.62 0.92 1.52 0.52 1.083.000 ** —7.387 0.00
L3 3.35 0.71 1.95 0.79 756.500 ** —8.532 0.00
14 3.18 0.77 1.39 0.51 303.500 ** —-10.199  0.00
L5 3.48 0.69 3.05 0.79 2.142.000 ** —3.594 0.00
C1 3.32 0.65 1.52 0.61 336.000 ** -10.282  0.00
C2 3.04 0.94 1.81 0.76 1.057.000 ** —7.284 0.00
C3 3.00 0.77 2.05 0.91 1.391.500 ** —6.078 0.00
C4 3.34 0.72 1.36 0.35 129.500 ** —10.856  0.00
M1 2.51 0.85 1.31 0.26 680.500 ** -9.195 0.00
M2 3.10 0.75 1.66 0.73 689.000 ** —8.697 0.00
M3 3.55 0.59 227 0.57 562.000 ** —9.530 0.00
M4 2.30 0.49 1.34 0.33 722.500 ** —9.309 0.00
M5 2.99 1.04 1.30 0.33 612.500 ** —9.296 0.00
M6 2.82 0.87 1.36 0.42 577.500 ** —9.305 0.00

CH1 3.01 1.01 1.26 0.15 522.500 ** —9.665 0.00
CH2 2.92 0.92 1.28 0.31 496.500 ** —9.706 0.00
CH3 2.81 0.88 1.28 0.21 490.500 ** -9.713 0.00

** Denotes statistical significance at the 0.01 level.
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Figure 7. Dendrogram and heat map of the hierarchical cluster analysis of the 23 IPM RPW practices

under investigation based on the average scores of the farmers” adoption.
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3.4. Differences between Clusters of Adoption According to Farmers” Socio-Economic Attributes
and Farm Characteristics

Table 5 indicates the differences between clusters depending on the farmers’ socio-
economic profiles and their farm characteristics. The chi-squared test results revealed a
significant difference at the 0.05 probability level between the two clusters according to
age, education level, farm size, farming experience, the number of date palm trees on
the farm, off-farm income, farming activities, source of irrigation, type of irrigation, the
growing of the ‘Khodri’ cultivar, growing of the ‘Barhi’ cultivar, and tree spacing. However,
no significant difference (p > 0.05) existed between the two clusters for the performance
of extension activities related to RPW in the last three years, the growing of the ‘Shishi’
cultivar, growing of the ‘Khalas’ cultivar, and growing of the ‘Salg’ cultivar. These results
indicate that the variables studied are useful for distinguishing between the two clusters.

Table 5. Differences between the farmer clusters according to their socio-economic attributes and
farm characteristics.

Variable Category Cluster 1 (%) Cluster 2 (%) X2 p-Value
<40 21.3 45
Age 40-60 48.3 41.8 13.25 ** 0.001
>60 30.4 53.8
Less than 7 years 30.3 80.6
Education 7-12 years 51.7 10.4 39.85 ** 0.00
More than 12 years 18.0 9.0
<3 68.5 46.3
Farm size 3-5 23.6 38.8 7.89 * 0.02
>5 7.9 14.9
<20 51.7 224
Farming experience 20-30 37.1 38.8 21.1** 0.00
>30 11.2 38.8
<500 742 38.8
Number of date paim 500-1500 146 29.9 20.7 0.00
trees on the farm >1500 11.2 313
. Yes 27.0 56.7
Off-farm income No 73.0 433 14.12 ** 0.00
Performing extension Frequently 10.1 7.5
activities related to RPW Sometimes 22.5 14.9 1.86 0.14
in the last three years Rarely 67.4 77.6
Date palm only 30.4 13.4
. . Date palm and vegetables 49.4 50.7
Main activity Date palm and field crops 135 25.4 7227 0.03
Date palm, vegetables, and field crops 6.7 10.5
o Surface water 47.2 17.9 .
Source of irrigation Groundwater 52.8 82.1 1448 0.00
o Flood irrigation 33.7 53.7 .
Type of irrigation Drip irrigation 66.3 46.3 6.27* 0.01
. - . Yes 76.4 92.5
Growing ‘Khodri” cultivar No 236 75 7.16** 0.006
. . . Yes 46.1 77.6
Growing ‘Barhi’ cultivar No 53.9 24 15.79 ** 0.00
L o 1es Yes 57.3 44.8
Growing ‘Shishi” cultivar No 47 552 24 0.082
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Table 5. Cont.
Variable Category Cluster 1 (%) Cluster 2 (%) X2 p-Value

., , . Yes 79.8 82.1

Growing ‘Khalas’ cultivar No 202 17.9 0.13 0.83
., , . Yes 225 11.9

Growing ‘Salg’ cultivar No 75 88.1 2.87 0.09
4 x 4m? 7.9 25.4
5 x 5m? 12.4 32.8

Tree spacing 6 x 6 m? 35.9 17.9 9.98 ** 0.01
7 x 7m? 28.1 16.4
8 x 8 m? 15.7 7.5

* Denotes statistical significance at the 0.05 level; ** denotes statistical significance at the 0.01 level.

The “moderate adopters” in the first cluster were usually younger than the “lower
adopters” in the second. The ratio of farmers with more than 12 years of education in the
“moderate adopters” cluster (18%) was 9% higher than the “low adopters” (9%). On the
contrary, the “lower adopters” cluster had higher farm size than the “moderate adopters”.
The percentage of farmers with more than five ha was 14.9% among the “low adopters,”
while the value was 7.9% among the “moderate adopters”, and by extension, the “lower
adopters” cluster had a higher number of date palm trees than the “moderate adopters”.
Likewise, the “lower adopters” cluster had more farming experience than the “moderate
adopters”. The percentage of farmers with more than 30 years of experience was 38.8 among
the “low adopters,” while the value was 11.2% among the “moderate adopters”. Similarly,
more than half of the “low adopters” (56.7%) possessed off-farm incomes, compared to the
“moderate adopters” (27%).

The findings also showed that a high proportion of “low adopters” (77.6%) and
“moderate adopters” (67.4%) rarely joined in the extension activities for RPW in the last
three years. Concerning the farming activities, the results in Table 5 show that “mod-
erate adopters” were more concise in cultivating only date palm on their farms (30.4%)
compared to the “low adopters” (13.4%). In the same context, both clusters showed simi-
larities in the cultivation of date palm and vegetables on their farms. Less than half of the
“moderate adopters” (47.2%) used surface water for irrigation, while the vast majority of
“moderate adopters” (82.1%) used ground water. Furthermore, the percentage of farmers
who used drip irrigation was 66.3% among the “moderate adopters,” while the value
was 46.3% among the “low adopters”. Significant differences were also observed for the
“low adopters” cluster concerning the growing of the ‘Khodri” and ‘Barhi’ cultivars, while
both clusters showed similarities as to the remaining cultivars. Lastly, the percentage of
farmers who followed the recommended tree spacing (8 x 8 m?, according to the cultivar)
was 15.7% among the “moderate adopters,” while the value was 7.5% among the “low
adopters” group.

4. Discussion

The results of this study reaffirmed the importance of adopting the best management
practices for RPW eradication, as a major source of sustainable livelihoods for date palm
farmers in Saudi Arabia. These results are consistent with the country’s 2030 vision, which
views the RPW invasion as a national security issue. This strategy aims to develop the palm
sector by adopting effective risk management strategies for RPW eradication in cooperation
with all stakeholders [20]. The findings of this study allow us to discuss three important
aspects: the actual adoption rate of the respondents, the differences between the two
clusters according to the adoption of the 23 practices examined, and how socio-economic
attributes and farm characteristics distinguish the two clusters of adoption.
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4.1. Adoption Rate of IPM for RPW Control

Calculating the relative weight of each IPM practice for RPW control shows that most
of the farmers surveyed are considered to show a low level of adoption. Similar results
have been presented in the studies of Kassem, Alotaibi, Ahmed, and Aldosri [25], who
reported that farmers’ uptake of RPW IPM practices in Saudi Arabia ranged between low
and moderate levels. This result may be attributed to the farmers’ lack of knowledge of
IPM principles. On the one hand, Aristizabal et al. [56] argued that IPM is a knowledge-
intensive process that requires knowledge of the ecology, biology, and behavior of the
pest in order to select the most appropriate management measures based on intensive
field observation and data mining. On the other hand, practicing IPM on the farm scale
is difficult due to the inability to rely upon an individual practice in isolation and the
need to use inter-related strategies [57]. Parsa et al. [58], in their analysis of the barriers to
IPM adoption in developing countries, found that the lack of knowledge, lower literacy
levels, inadequate IPM training, and lack of supportive policies are the most frequently
cited obstacles resulting in non-adoption. Another viewpoint on this matter is voiced by
Timprasert et al. [59], who reported that farmers often assume that IPM is challenging
and complicated and must be adopted on a large scale. Consequently, farmers rely on
traditional practices and an over-dependence on pesticides to manage crop pests [60].

Specifically, in terms of RPW control, the low adoption rate may be attributed to the
application challenges of IPM strategies. In this regard, several studies [61-66] confirmed
the urgent need to enhance biological control research, develop efficient early detection
methods, and solve problems facing management practices (e.g., the lack of farmer and
stakeholder cooperation, insufficient human and financial resources, labor-intensive control,
and high cost). Among these challenges, early detection is crucial, as it is considered the
first step of an overall IPM strategy against RPW [66]. In fact, visual inspection for damage
is difficult in the early stage of the infestation, since the evidence of infection appears on
the palm in a medium or an advanced stage of the infestation [34,67]. Kassem et al. [24]
confirmed this challenge empirically in Saudi Arabia, conducting an in-depth examination
of the relationships between farmers’ IPM adoption and their knowledge of RPW symptoms.
The findings of this study demonstrated the interplay between the two components, where
farmers experienced in diagnosing RPW symptoms were more likely to adopt IPM.

4.2. Differences between the Clusters According to the Adoption of RPW IPM Practices

The findings highlight that, among the categories of RPW IPM, the level of the adoption
of legislative control was average and occupied the first rank. A possible explanation for
this can be found in the farmers” commitment to strict quarantine regimes applied by the
country in terms of preventing the transfer of infested trees or offshoots. The outcomes
of this strategy can clearly be viewed in the Algerian quarantine system, as the pest has
been reported in many neighboring North African countries, excluding Algeria. This
achievement is due to the application of very strict quarantine regimes that do not allow
planting material transportation in order to control the RPW infestation [68]. Saudi Arabia
also developed quarantine measures against RPW in 2018 by establishing standard tissue
culture laboratories and preparing phytosanitary legislation in terms of the palm nurseries’
certification according to the IPPC standards (ISPM 36), infested palm removal, palm tree
checkups, and the palms” movement and treatment protocols [69].

Cultural pest management practices were also moderately adopted by the respondents.
This might be due to the fact that the respondents perform these practices when establishing
their palm farms or at the beginning of the season. These results are in line with the results
of Kassem, Alotaibi, Ahmed, and Aldosri [25], who found that Saudi farmers moderately
adopt cultural practices, with a percentage of 63.58%.

The results also highlighted the existence of significant differences between farmers
with respect to the practice of “applying moderate irrigation to reduce humidity on farms”.
This result might be due to the fact that 42.3% of the farmers still use flood irrigation
(Table 2) as a source of irrigation. This system is not as efficient as drip irrigation in
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controlling the irrigation water using lighter amounts in order to reduce humidity on
the farms. To deepen our view concerning this point, the study results may provide an
important example in this matter. More than half of the “low adopter” cluster had adopted
flood irrigation, while two-thirds of the “moderate adopters” had adopted drip irrigation.
Dewidar [69] suggested that flood irrigation assists in the infestation of RPW entry into
the date palm trunk relative to another irrigation system. Hence, this category could be
considered the most crucial constituent of IPM in reducing the level of RPW infestation [70]
and, consequently, farmers should be supported in these practices by the extension services.
In the same vein, “surveying RPW-infested palms and informing the authorities when
necessary” was among the practices adopted differently between farmers. A possible
explanation for this can be found in farmers’ unwillingness to inform the authorities of
infested trees so as to avoid burning the severely infested trees or receiving penalties for
negligence in RPW control. Some farmers still believe that palm trees form part of their
national heritage that governmental bodies should not control.

4.3. Differences between the Clusters According to Socio-Economic Attributes and Farm
Characteristics

The results showed that the “moderate adopters” segment profile differed from the
“low adopters” segment concerning their socio-economic attributes and farm characteristics.
These results reflect the importance of the studied variables as critical determinants of
adoption. The findings suggested that younger farmers adopted RPW IPM practices at
a higher rate than older farmers. This may be attributed to the fact that IPM practices
require physical labor, making it easier for younger date palm farmers to adopt them.
Similar findings were found for the distinction between early and late adopters relative to
the non-adopters of IPM in Kenya [71]. With regard to education, the findings indicated
that farmers with higher education levels adopted IPM practices at a higher rate than less
educated farmers. Undoubtedly, education assists farmers in understanding the benefits of
IPM and how to apply it professionally. These findings are in line with those of previous
studies in the field of IPM [72-75]. The specialization of the production level plays a
precarious role in adoption. Thus, in the current study, the “moderate adopters” focused
on date palm production only relative to “low adopters.” A probable explanation for this
result is that focusing on monocropping motivates date farmers to acquire new knowledge
and adopt innovations to avoid crop loss. In contrast, farmers who cultivate vegetables
or field crops besides date palm are profit-oriented, according to which they place their
focus on the net seasonal return from these crops. Therefore, they may ignore the best
practices for date palm production. Although the main goal of palm spacing is to enhance
the productivity and quality of the dates, interestingly, the farmers who followed the
recommendations of palm spacing tended to adopt RPW IPM practices relative to the
others, who did not. This may be attributed to the fact that tree spacing facilitates the
implementation of cultural practices on the farm, which is one of the strategies of RPW IPM.
As Giblin-Davis et al. [76] noted, taking up cultural practices is the practical implementation
of the concept of avoidance. In other words, cultural pest management practices have long
been identified as a preventive measure and an effective solution that can be used to avoid
pest infestations at the farm level.

Surprisingly, the “low adopter” segment had a greater farm size and managed a higher
number of palm trees on the farm. According to the results of the present study, there
is a two-fold picture representing this issue that may be considered for interpretation.
First, we can consider the purpose of farming activities. Most of the “low adopters”
segment managed various activities (vegetables and field crops) in addition to date palms.
Consequently, those farmers paid more attention to these activities so as to avoid higher
economic losses if the crops are damaged, coercing them to conform to the best management
practices rather than those for date palm. Secondly, managing RPW IPM strategies on a
large scale requires great costs, labor, and expertise. Such requirements may result in a
negative attitude that demotivates farmers with respect to adoption. In the same vein,
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extension contact was not a significant factor in discriminating between the adoption
clusters. This result implied that farmers do not depend upon extension services when
making decisions with regard to IPM adoption. This result is confirmed by the results of
the present study, where the surveyed farmers in the study area had very limited access
to extension services. In this sense, the literature provides successful examples of the
implementation of participatory extension approaches in the field of IPM, such as farmer
field schools (FFSs). FFS have made a significant contribution in promoting IPM in many
international contexts based on a “learning by doing” methodology to allow farmers to
understand the behavior of pests and practice IPM solutions. More specifically, in this field
of study, member farmers participating in FFSs used the FAO’s global RPW management
platform in recent years to collect and transmit palm inspection data by their mobile
phones [34].

5. Conclusions

This article illuminated the actual adoption of RPW IPM among Saudi date palm
farmers. It also investigated how this adoption differs between farmer clusters according
to demographic and farm variables. The findings highlighted that the adoption rate ranges
between 40% and 50%, which strongly suggests that most farmers do not practice RPW IPM
extensively. Legislative control practices were among the principles that the respondents,
on average, adopted the most. Conversely, prevention measures and chemical control
were the least adopted measures. Depending on the average score of the RPW IPM, two
farmer segments, the “moderate adopters” and “low adopters”, were contrasted. The
measurement of RPW IPM adoption in this study has implications in theory and practice.
Most previous studies have examined the biological and ecological aspects of the RPW, or
the technological side of early detection. Nonetheless, very few studies have methodically
documented the IPM practices for RPW control and the factors influencing the adoption.
Accordingly, this study contributes to the literature on this topic. Furthermore, the index
of RPW IPM offers a valuable source, with a tested and reliable rating scale, that can
assist other researchers wishing to conduct comparable studies in different countries.
Undoubtedly, our examination of how the adoption clusters can be discriminated based on
socio-economic attributes and farm characteristics enrich the theoretical aspect of this issue.

The research provides insights into the gaps that need to be filled by policy makers
in order to assist farmers in increasing the adoption of RPW IPM practices. This paper
concludes that in order to accelerate the adoption of RPW IPM practices, practices need
to be addressed in conjunction with others and, therefore, holistic training programs are
required. These programs should develop farmers’ skills in using prevention measures
(preventive insecticide treatments based on infestation foci and trap capture data, early de-
tection devices or techniques for RPW infestation, and the application of follow-up plans),
implementing good agronomic practices that limit the RPW attack, and adopting both
visual observation and pheromone traps. A second important conclusion in this matter
is that the focus should not only be placed on innovation but also on the farming context
and the demographic profiles of farmers. This information is vital for identifying farmers’
typologies and developing regional programs and measures. Additionally, this study con-
cludes that harvesting the outcomes of RPW IPM requires significant collaboration between
the neighboring farmers. In this regard, developing participatory approaches, such as FFS,
would be invaluable and offer a greater insight into the adoption of RPW IPM practices.
However, two limitations of this study require acknowledgment. Firstly, this study was
conducted in one governorate; therefore, we cannot generalize the results to include other
governorates within Saudi Arabia or other countries. Secondly, the assessment of farmers’
adoption depends upon their self-reports, implying that this method relies on what the
famers believe to be accurate, biasing the adoption results. Measuring the adoption of RPW
IPM practices in other countries with varied cultural milieus is recommended. Furthermore,
future studies should explore the barriers to, and drivers of, increased adoption.
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