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FOREWORD

It is our pleasure to introduce this conference proceedings which enlists
organizers and sponsors, as well as organizing and scientific committees and detailed
program, and presented scientific articles of the VII International Date Palm
Conference which is held under the patronage of His Highness President of the United
Arab Emirates (May God protect him), and organized by Khalifa International Award
for Date Palm and Agricultural Innovation, in cooperation with the Presidential Court,
UAE University, Abu Dhabi Agriculture and Food Safety Authority, International
Center for Biosaline Agriculture, Ministry of Climate Change & Environment, Date
Palm Friends Society, Food and Agriculture Organization of the United Nations (FAO),
FAO Regional Office for Near East and North Africa (FAO-RNE), Arab Organization for
Agricultural Development (AOAD), Association of Agricultural Research Institutions
in the Near East and North Africa (AARINENA), International Center for Agricultural
Research in the Dry Areas (ICARDA), Arab Center for the Studies of Arid Zones and
Dry Lands (ACSAD), International Fund for Agricultural Development (IFAD), Date
Palm Global Network, Committee on World Food Security (CWFS), in the period from
14 to 16 March 2022 at Emirates Palace Hotel in Abu Dhabi.

We seize this opportunity to express our personal appreciation of the
continuous support rendered by H.E. Sheikh Nahayan Mabarak Al Nahayan, Minister
of Tolerance and President of the Award’s Board of Trustees, as well as organizers
and sponsors of this conference. Their contribution is indeed a remarkable example
of corporate responsibility.

We sincerely hope that the conference did achieve its objectives and be up to the
expectations of His Highness the UAE President, and all interested institutions and
individuals.

A. Zaid and G.A. Alhadrami
Conveners

PREFACE

The papers contained in this volume of Acta Horticulturae report the
scientifically reviewed Proceedings of the VII International Date Palm Conference.
Keynote speakers and authors of selected contributed oral and poster presentations
were given the opportunity to submit a manuscript for publication.

The manuscripts were reviewed by the Editors and members of the Editorial
Board. Only those papers judged suitable for publication following the authors’
consideration of reviewer suggestions appear in this volume of Acta Horticulturae.

The ISHS acknowledges and appreciates the contribution of all editors and
reviewers. They have made a significant contribution to improving the quality of this
publication.

The ISHS Board of Directors
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Abstract

The ‘Mejhoul’ date palm originated from the Tafilalet Valley in Morocco, which is
administratively known as the Errachidia Province. Origination was confirmed by DNA
analysis of several samples of ‘Mejhoul’ palms collected from diverse areas including
Morocco, Egypt and the USA. This study shows that the ‘Mejhoul’ cultivar is a landrace
variety of Morocco. During the 17t century, ‘Mejhoul’ was known as a high-quality date
and its fruit was sold at a higher price than other cultivars in the markets of England
and Spain (Wright, 2016). At that time, most of the dates brought to Europe came from
Tafilalet (Hodel and Johnson, 2007). Unfortunately, the occurrence of the Bayoud
disease, caused by a soil-born fungi (Fusarium oxysporum f. sp. albedinis) which was
described scientifically for the first time in 1919 by Foex and Vayssiere intensively
destroyed the Moroccan date plantations. ‘Mejhoul’ was among the most sensitive
cultivars to the disease and therefore, fresh ‘Mejhoul’ dates disappeared from the
European market after its production decreased significantly.

Keywords: ‘Mejhoul’, Morocco, date palm, Phoenix dactylifera

INTRODUCTION

‘Mejhoul’, the “Jewel of Dates”, is known for its attractive appearance, large size,
brownish colour, succulent and juicy flesh, and excellent taste due to its maple syrup-like
flavour. It is currently the most important and desired date on the international market, as
well as the most expensive compared to other date cultivars. ‘Mejhoul’ dates have natural
sugar crystals that give its skin a slight shimmer, and when you bite into one, you’ll
immediately notice the rush of flavours hinting at wild honey, cinnamon and caramel. They
are truly one of nature’s most delectable treats, tasting as if they have come right out of the
oven.

The ‘Mejhoul’ date palm originated from the Tafilalet Valley in Morocco, which is
administratively known as the Errachidia Province (Figure 1). Origination was confirmed by
DNA analysis of several samples of ‘Mejhoul’ palms collected from diverse areas including
Morocco, Egypt and the USA (Elhoumaizi et al., 2006). This study shows that ‘Mejhoul’ is a
landrace cultivar of Morocco.

During the 17t century, ‘Mejhoul’ was known as a high-quality date and its fruit was
sold at a higher price than other cultivars in the markets of England and Spain (Wright, 2016).
At that time, most of the dates brought to Europe came from Tafilalet (Hodel and Johnson,
2007). Unfortunately, the occurrence of Bayoud disease, caused by a soil-born fungi (Fusarium
oxysporum f. sp. albedinis) which was described scientifically for the first time in 1919 by Foex
and Vayssiere (Malencon, 1950) intensively destroyed the Moroccan date plantations.
‘Mejhoul’ was among the most sensitive cultivars to the disease and therefore, fresh ‘Mejhoul’
dates disappeared from the European market after its production decreased significantly.
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Figure 1. Map of Morocco showing the location of the Tafilalet Oasis (around Errachidia).
THE INTERNATIONAL JOURNEY OF THE ‘MEJHOUL’ DATE CULTIVAR

The first journey to the US

In 1927, the French colonial authorities appointed a scientific commission to investigate
Bayoud disease further. The commission included Walter Swingle from the US, as well as
Vayssiere, Maire, Régnier, Killian, De Lepiney, and Emberger from France (Chabrolin, 1930).
The commission conducted its investigations in Colombachar, Erfoud, Errachidia (Ksar Souk),
and Boudnib. During their stay in this late date oasis, which accounted for some 9,000 date
palms made mainly of the ‘Mejhoul’ cultivar, Swingle was impressed by the cultivar which he
considered as one of the best dates grown anywhere. He purchased six standard size offshoots
and was offered five small ones (Swingle, 1945) which he imported to the US. Arriving in
Washington DC five weeks later, the 11 offshoots were fumigated and quarantined in Nevada,
where no date palms were growing, but which had a suitable climate for date palm cultivation.
This important quarantine period lasted from 1927 until 1936. Nine of the 11 offshoots
survived to the end of the quarantine period, and they were then transferred (along with the
64 new additional offshoots they produced) to a US Department of Agriculture (USDA)
research station at Indio in California. In 1944, the USDA station at Indio started distributing
offshoots to growers in California and Arizona. The Bard Company of California took 24
offshoots from USDA and even now, 99% of date palm growing in Yuma and the Bard Valley
are of the ‘Mejhoul’ cultivar (Wright, 2016).

It is worth noting that the US ‘Mejhoul’ industry, as well as the ‘Mejhoul’ industry of
several other countries (including Namibia, South Africa, Israel, Australia and Jordan)
originated from the 1927 ‘Mejhoul’ importation from Morocco.

Locating the mother date palm collected by Walter Swingle

Dr. Mohammed Aziz Elhoumaizi conducted a sound survey and site visit to the Tafilalet
region, aiming to locate the original mother ‘Mejhoul’ tree, from which the US ‘Mejhoul’
industry originated. The region where the offshoots were collected is called Rahat Almaa. The
geographical position of the mother plantis 31°56’15.1 N, 3°36’10.1 W.

The ‘Mejhoul’ cultivar’s second journey to various countries

The introduction of the ‘Mejhoul’ date palm to Mexico was achieved through offshoots
imported from the US to the San Luis Rio Colorado, Mexicali valley in 1968. Currently,
‘Mejhoul’ represents 94% of the total date production in Mexico (Salomon, 2021). Figure 2
represents the major Mejhoul growing areas in Mexico and the US.

Between 1978 and 1981, Israel imported 9,000 Mejhoul offshoots from California.

In the early 1990s, the Republic of South Africa (RSA) imported hundreds of ‘Mejhoul’
offshoots from California. Then, due to the development of the production of date palm



plantlets derived from tissue culture, RSA and Namibia imported thousands of ‘Mejhoul’
plantlets. Namibia also imported ‘Mejhoul’ from different tissue culture laboratories from
France and England.

imperisiValley
s

Figure 2. Major ‘Mejhoul’ date growing areas in US and Mexico.

In 1995, Jordan imported the country’s first ‘Mejhoul’ offshoot from California.
Currently, Jordan has about 500,000 ‘Mejhoul’ productive trees.

In 2006, Palestine imported ‘Mejhoul’ plantlets derived from tissue culture from
different sources (Al Banna, pers. commun.). ‘Mejhoul’ cultivars were also introduced in other
countries such as Australia, Peru, Chile and the Sudan.

Egypt has recently planted thousands of ‘Mejhoul’ plantlets derived from tissue culture
and aims to planting five million date palms of different cultivars, including ‘Mejhoul’. In 2008,
Morocco initiated the ‘Green Morocco Plan’ programme, and has already planted three million
date palms, of which ‘Mejhoul’ enjoys a 70% share. Morocco is also planning for a second
extension of its date palm plantations (of about five million date palms) with a special focus
on ‘Mejhoul’ (Generation Green Plan 2020-2030).

The ‘Mejhoul’ journey from Boudnib Valley in Morocco to the different date-producing
countries around the world is represented in Figure 3.

1981 Mejhoul Journey

Israel imported Mejhoul offshoots
from California, USA

11 offshoots sent to USA from

Boudnib (Tafitzlet Valley). Kept in o )

quarantine until 1536 and released it Other Countries:

to farmers in 1984 South Africa imported offshoots from Pery, Chili, Palestine,

California, USA E ol
5 ¥ gypt... developed Mejhou
South Africa and Namibia imported cultivation programmes

Mejhoul derived from tissue culture

Tafilalet valley, Morocco

Australia imported

offshoats from California,

USA
Jordan imported offshoots
from California, USA |

Mexico imported Majhoul
offshoats from the USA to San
Luis Rio Colorado-Mexicali valley

Figure 3. ‘Mejhoul’ journey from Morocco to different date-producing countries. Source:
Wright (2006).



GLOBAL ‘MEJHOUL’ PRODUCTION

‘Mejhoul’ dates represent 94% of the total dates produced in Mexico, and 85 and 70%
of Israeli and Jordanian date production, respectively. Table 1 summarises global ‘Mejhoul’
date production in 2020 which is estimated at 108,498 t (B. Glasner, R. Salomon, A. Haddad,
and M. Al Banna, 2021, pers. commun.).

Table 1. ‘Mejhoul’ date production by country (in t).
Country Quantity (t)  Share (%)

Israel 45,000 4148
USA 16,000 14.75
Mexico 14,898 13.73
Palestine 12,000 11.06
Jordan 10,000 9.22
Morocco 3,500 3.23
SA & Namibia 3,000 2.77
Egypt 3,000 277
Peru 500 0.46
Australia 100 0.09
Others 500 0.46
Total 108,498 100.00

‘Mejhoul’ date production is expected to increase enormously during the forthcoming
years, mainly through the introduction of several million date palm trees in new large areas
of Moroccan and Egyptian date plantations.
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‘Mejhoul’ cultivation in the USA

G.C. Wrighta
University of Arizona - Yuma Agriculture Center, 6425 W. 8th Street, Yuma, AZ 85364, USA.

Abstract

Dates have been grown in the United States for over 200 years. Large plantings
began about 125 years ago and the ‘Mejhoul’ was imported successfully in 1927. The US
‘Mejhoul’ industry began with a 23-ha planting in 1945, near Bard, CA, and has grown
to several thousand ha today. Trees are planted in several types of soils, at spacings
ranging from 7.5 to 9 m2 Irrigation is by flood or pressurized systems, and most
fertilization is applied via the irrigation water. ‘Mejhoul’ dates are pollinated and
thinned, then bagged before harvest. Harvest begins in August and continues through
October. Few pests are problematic on ‘Mejhoul’. Harvested dates are sorted for color,
dried to consistent moisture, sorted again for quality, and then shipped fresh or frozen
if needed. US ‘Mejhoul’ dates are exported to Canada, Australia, Mexico, and other
countries, while the US imports ‘Mejhoul’ dates from Mexico, Israel, and other
countries. Date consumption in the US is low but has increased by 50% since 2012 due
to active marketing programs.

Keywords: history, horticultural practices, production, marketing, exports

INTRODUCTION

Spanish priests were the first to introduce the date palm to the United States (US) in the
late 1700s (Toumey, 1898; Trent and Seymour, 2010). Palms were planted across both
California and Arizona wherever the climate was favorable. These early plantings came from
seed. However, US date consumption in the late 1800s and early 1900s exceeded the domestic
supply, so most dates were imported (Hopper, 2013). As early as the 1820s, American ships
carried US goods to ports on the Arabian Peninsula, and in exchange they picked up dates and
other commodities. By 1925, US date imports exceeded 8,000 metric t.

In response to the demand and the need to find suitable crops for the desert, the United
States Department of Agriculture (USDA) organized importations of thousands of date palm
offshoots, chiefly from Algeria, Tunisia, Egypt and Iraq to California and Arizona (Toumey,
1898; Nixon, 1950; Hilgeman, 1972). Private individuals also imported thousand more. Many
cultivars were imported, including ‘Barhi’, ‘Deglet Noor’, ‘Fard’, ‘Hayany’, ‘Khadrawy’, ‘Sayer’
and “Zahidi’ (Wright, 2012).

The first arrival of the ‘Mejhoul’ cultivar into the US was in 1912, but it is unknown what
happened to them (Wright, 2016). ‘Mejhoul’ dates were imported successfully into the US in
1927 by Dr. Walter Swingle (Swingle, 1945). Swingle was visiting Boudenib, Morocco, where
the Sharif of the local oasis sold him 11 apparently disease-free offshoots which were packed
in wooden crates and shipped to the US, arriving five weeks later. Because of the threat of
Bayoud disease, the offshoots were fumigated upon arrival and placed in quarantine in Nevada
for eight years, where nine of the 11 survived. After quarantine, the original nine and many
additional offshoots were moved to a USDA facility in California. The entire US ‘Mejhoul’
industry, and the ‘Mejhoul’ industries of several other countries, originate from the
importation of 1927.

MASS PRODUCTION IN THE US

The US date production industry began with a 23-ha planting in 1945, near Bard,
California, across the river from Yuma, Arizona. Stanley Dillman and Al Coleman were the first
to plant the ‘Mejhoul’ cultivar from 22 offshoots received from the USDA (Berryman, 1972).
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They developed several horticultural practices which are still practiced. Today, the US date
industry encompasses 6,700 ha, all in California and Arizona (USDA, 2021). The 2020 value of
the industry was estimated at $ 189,000,000. Because the USDA does not distinguish between
cultivars, it is not possible to make a full comparison between the different cultivars, but the
author estimates the ‘Mejhoul’ total is about 55%.

Dates are planted on both alluvial river-bottom soil and sandy upland soil (Figure 1).
Since the ‘Mejhoul’ cultivar makes many offshoots, tissue culture-derived palms are not
common. Traditional planting of the ‘Mejhoul’ palm is about 9x9 m square, but newer
plantings are being established at a density of 8x8, and 7.5x7.5 m. One male palm is planted
for every 49 females. There are no specific male palms identified as superior pollinators.

Figure 1. Imperial date gardens, Yuma Arizona, USA.

Growers employ either flood or pressurized drippers or micro sprinklers (Figure 2) to
irrigate the palms. Irrigation rates vary by tree size and season and can be as much as 500 to
600 L of water tree! day! in the summer. Conventional fertilisers are applied through the
irrigation water, and growers regularly apply nitrogen, potassium, and boron. Other macro-
and micronutrients are not as commonly applied. Organic dates receive composted chicken or
steer manure, or liquid forms of organic fertilizers, containing humic acids, seaweed, and
other compounds.

DATE CULTIVATION BY SEASON

Workers clean the palms in January, removing thorns and old leaves. Male palms bloom
in early March, and once the spathe cracks, the male flowers and pollen are extracted and
dried with fans and heat. Growers dilute pollen with flour, talc, or cornstarch. Female palms
bloom in mid-to late March, and a mature palm will produce 20 to 25 bunches. Each emerging
bunch is forced to curve downward by tying them to leaves below. Bunches are pollinated as
many as four times a season using squeeze bottles, blow pipes, or modified air blowers.

Thinning the fruit begins in April. In areas with higher humidity, such as Arizona,
workers remove about 70% of the fruit, leaving fruit spaced at about 2-3 cm apart on the
strands. Where humidity is less of a problem, the strands are cut so that six to ten fruit remain.
After the center strands are removed, 35 to 40 strands remain on the bunch. Workers support
the increasingly heavy bunches by tying them to nearby leaf petioles for support.



Figure 2. ‘Medjool’ date irrigated with pressurized drippers near Bard, California, USA.

Workers cover the bunches with cotton or nylon bags in late July. These bags retain fruit
that might drop early, protect the fruit from birds, insects, and animals, protect the ripening
fruit from rain and provide ventilation to the bunch. Some growers also insert metal rings into
the bunches to spread out the strands, improve ventilation and reduce the chance of
fermentation.

Harvest begins in late August; each tree is harvested three to four times, every 10-14
days as the fruit do not all mature uniformly. Harvest is finished by October. Each mature palm
can produce as much as 100 to 125 kg of fruit. At the packing house, unmarketable fruit are
eliminated, then the rest are gently washed then sorted by maturation. This sort allows the
fruit to be segregated according to the amount of time needed to dry them to 16-21% moisture
content. Fruits are dried from one to seven days at about 65°C. Most dates are dried using
forced hot air, but a few are dried traditionally in the sun. Following drying, the dates are
washed again then sorted according to size and external appearance. Finally, they are
packaged and kept refrigerated or frozen until sold. Because of the use of the bags, the heat
applied during drying, and the frozen storage, no additional fumigation is necessary.

‘Mejhoul’ dates grown in Arizona and California have no significant pest problems.
Carob moth (Ectomy eloisceratoniae) infestations can be eliminated by the steps noted above,
or by using insect pheromones and insecticides (Mafra-Neto et al., 2013). The palm weevil
(Rhyncho phorusvulneratus) has been eliminated from the US (Hoddle et al.,, 2016) although
the South American palm weevil (Rhynchophorus palmarum) has been advancing northward
in the coastal areas of Mexico and Southern California since 2010 (Hoddle et al., 2021). Date
growers and Agriculture Department officials are monitoring for the arrival of this pest. Black
scorch (Thielaviopsis punctulata) is an occasional problem and the Bayoud disease has been
kept out because of phyto-sanitary regulations. No date palm offshoot has been imported to
the US since 1929.

US date production is low compared to other date-producing countries. This author
estimates that the US is now producing about 25,000 metric t of ‘Mejhoul’ dates annually. Date
Pac is a large grower cooperative in Yuma Arizona that produces pesticide-free and organic
‘Mejhoul’ dates. Date Pac claims its dates are sold in 90% of all the supermarkets in the US.
There are other smaller date packinghouses that distribute their fruit to local, regional, and
international markets. USDA statistics show that US dates are exported to Canada, Australia,
Mexico, and the UK. Dates are imported into the US from Tunisia, Algeria, Israel, and Mexico
(Agricultural Marketing Resource Center, 2018). US table date fruit consumption (not



processed) was about 75 g person! year! in 2019 (Statista, 2021). However, increasingly
aggressive marketing programs are leading to more buying (Grebitus and Hughner, 2021).
This level of consumption represents a 50% increase over 2012.
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The ‘Mejhoul’ cultivar in the Kingdom of Morocco:
origin, geographical distribution, and international
market

M. Bachria
National Agency for the Development of Oasis and Argan Zones (ANDZOA), Morocco.

Abstract

The origin of the ‘Mejhoul’ cultivar belongs to the Tafilalet area, and it is this date
cultivar that attracted the attention of many regional and international investors. This
in turn led to the introduction and spread of the ‘Mejhoul’ cultivar in various regions in
the Kingdom of Morocco, as well as other countries across the world, such as the USA,
Republic of Namibia, South America, and Australia.

Keywords: ‘Mejhoul’, Morocco, date palm, Phoenix dactylifera, trading

INTRODUCTION

Date palms are one of the oldest fruit trees in the world, having emerged since the end
of the second era, spreading across the Persian Gulf to North Africa. Trade between the
Maghreb countries and the Middle East played an important role in the value gained by date
palm trees, which led to the spread of date palm cultivation in these areas using date seed.
Dates became the main source of food supply that travelers carried during their journeys
across the countries. Date palm cultivation then reached the Islamic Republic of Mauritania,
during the first century, and to Sudan in the fifth century. Date palm cultivation also spread
into semi-desert areas, with dates the main source of food to travelers crossing the desert
areas.

Date palm cultivation was introduced to the USA during the 18t century, by biology
travelers, however, date palm cultivation did not spread there until the1900s, in California
(Toutain, 1965).

Dr. Abdul-Jabbar Al-Bakr, in his book ‘The Date Palm: a Review of Its Past, Present Status
and the Recent Advances in Its Culture Industry and Trade’, noted that the original source of
the ‘Mejhoul’ date cultivar was Tafilalet, Wadi Ziz. The ‘Mejhoul’ cultivar was first introduced
to the USA by Mr. Swingle in 1927, from the Moroccan town of Boudnaib, 90 km from
Errachidia city. It was then planted separately in the State of Nevada, until found free from
pests and diseases, before being transferred to Indio, California in 1932. In 1957, The Date
Palm Experiment Station in Indio started efforts to increase ‘Mejhoul’ cultivation, after the
significant results, and its excellent commercial qualities.

The ‘Tafilalet book, is a contribution to the Moroccan history where during the 17th and
18th centuries, Al-Arabi Mizin spoke about the presence of the ‘Mejhoul’ cultivar in the Aoufous
region. Of the harvest traditions at the time, Al-Arabi Mizin wrote: “As for the harvest in
autumn, they started it on the first day of October, except for the ‘Mejhoul, which was
harvested till the 17t of September”.

All these sources prove the ‘Mejhoul’ date cultivar originated from the Tafilalet area.
‘Mejhoul’ fruits originating from this region are the result of the selections made by date
growers throughout the years. The Tafilalet region is also known as the home of the
International Forum of Moroccan dates, and replaced the annual ‘Date Season’, which was
organized by the late King Mohammed V “May God bless his soul”. Today, some of the people
who lived during the time, still remember the first session held in the 1940s, after World War
II, in the Erfoud/Errachidia region.

All this information proves the origin of the ‘Mejhoul’ cultivar belongs to the Tafilalet
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area, and it is this date cultivar that attracted the attention of many regional and international
investors. This in turn led to the introduction and spread of the ‘Mejhoul’ cultivar in various
regions in the Kingdom of Morocco, as well as other countries across the world, such as the
USA, Republic of Namibia, South America, and Australia.

GEOGRAPHICAL DISTRIBUTION

The geographical distribution of ‘Mejhoul’ production in Morocco includes two main
plantation areas located on the banks of Wadi Ziz, Griss, Todgha and Draa, as well as
expansions of ‘Mejhoul’ plantations in the Errachidia area (Figure 1). These plantations have
developed significantly under the Green Morocco scheme, which allocated important support
to date growers in both traditional and commercial sectors. These efforts will also continue
as part of the Moroccan new Green Generation Strategy.

The geographical boundaries of the date production areas of the ‘Tafilalet Mejhoul’ are:

- Northern parts of Midelt and Figuig areas;

- Eastern parts of Figuig and the Algerian border;

- Western parts of both Tinghir and Zagora regions;

- The southern Algerian border.

R T QI ) pgaall pal LY 480 jaall dihiall ap i bl A

Figure 1. Maps of geographical distribution of ‘Mejhoul’ in Tafilalet area.

EXPECTED DATE PRODUCTION ACCORDING TO TYPE, DIVERSE EXPECTATIONS, AND
FUTURE MARKETING PROSPECTS

Taking into account the new modern ‘Mejhoul’ plantations, the number of available date
cultivars in Morocco is set to change significantly in the coming years. At present, ‘other’ date
cultivars account for 90% of the total production, but this is expected to significantly reduce,
being replaced by higher quality date cultivars, such as the ‘Mejhoul’ ‘Najda’, and ‘BouFeggous’
cultivars, which are estimated to eventually take over more than 50% of the total Moroccan
dates production.

INTERNATIONAL MARKETS

The Kingdom of Morocco exported 3,288 t of dates, worth 55.9 million Moroccan
Dirhams, in 2020, compared to 17.6 t exported in 2011, worth 0.4 million Moroccan Dirhams.
However, of this quantity, the production of ‘Mejhoul’ date was very low. Morocco is expecting
a production of 70,000 t of ‘Mejhoul’ dates, to be presented in the national and international
markets, by 2028.
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Edaphoclimatic requirements of the ‘Mejhoul’ date
cultivar
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Abstract

‘Mejhoul’ date palm is considered the pillar of the oasis ecosystem and one of the
most economically important perennial plants in arid and semi-arid areas. It is able to
tolerate severe environmental conditions (drought and salinity) through its aptitude to
being cultivated in diverse soil and climatic conditions. In this work, we present the
main planting areas of ‘Mejhoul’ in the northern and southern hemispheres, for which,
thermal coefficients and relative humidity were described. ‘Mejhoul’ prefers doses of
cold in winter and heat is important from fruit set to harvest, for around five to six
months per year. In ‘Mejhoul’ plantation areas, the lowest minimum temperature varies
from 3 to 9°C, while the highest maximum temperature varies between 38 and 42°C.
The flowering process starts at 18 to 20°C which coincides with the period of
January/February in the northern hemisphere and June/July in the southern
hemisphere. ‘Mejhoul’ dates require low air relative humidity during the fruit
development and maturation periods. Furthermore, the combined effect of different
climatic conditions (heat, annual temperatures and relative humidity averages) impact
the characteristics of ‘Mejhoul’ fruit.

Keywords: edaphoclimatic, temperature, relative humidity, ‘Mejhoul, date palm

INTRODUCTION

‘Mejhoul’ dates represent an important source of income as well as a staple food for the
local population in arid and semi-arid regions (El Bakouri et al., 2021). ‘Mejhoul’ is the most
known and demanded in the world (Ibourki et al., 2021) and its fruits are a good source of
essential nutrients. Moreover, the commercial value of the fruits of ‘Mejhoul’ is higher than
that of other date palm cultivars traded in the world. While all date palm cultivars tolerate
various soil types, the ‘Mejhoul’ cultivar particularly grows better on free drainage sands or
sandy loams with good moisture-holding capacity. It also accepts different pH levels but
prefers neutral value. Several scientific studies have shown that the average pH in most date-
growing areas varies between 7 and 8.5. Alkaline and saline soil negatively affect the
productivity and the quality of ‘Mejhoul’ fruits (Hasanaoui et al.,, 2010; Zhen et al.,, 2020). The
‘Mejhoul’ date palm tolerates drought and can continue to grow under severe water stress.
For its optimal production, its water requirements are important and vary from 10,000 to
20,000 m3 ha?l depending on different factors such as climatic conditions, irrigation
management, age, soil texture and type of fertilizers used. ‘Mejhoul’ date palms are known as
drought-resistant (Elfeky and Elfaki, 2019). However, for optimal productivity, appropriate
and quality irrigation is needed, as irrigation management plays an important role in the
fruit’s development and quality (Mohammed et al., 2020). The implementation of adequate
good agricultural practices (GAP) plays an important role in the morphological and nutritional
characteristics of ‘Mejhoul’ dates (Ranasinghe et al., 2022). Water salinity reduces yields and
growth of ‘Mejhoul’ trees (Alsmairat et al., 2019; Sperling et al., 2014), which remain tolerant
to salt concentrations between 3 and 10 g L1, depending on the age of the date palm and the

aE-mail: meddich@uca.ma
bE-mail: oihabi@gmail.com
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prevalent soil characteristics (Ait-El-Mokhtar et al., 2020; Alsmairat et al., 2019). Currently,
and due to their ability to adapt to different climatic and environmental conditions, ‘Mejhoul’
is present in many parts of the world. It is known worldwide for its large size, pleasant taste
and excellent quality (Pérez-Pérez et al.,, 2021). The objective of this study was to investigate
the impact of certain environmental conditions of different localities in the world
(temperature, relative humidity, heat) on the adaptive capacity of ‘Mejhoul’ and the maturity
of its fruit.

METHODOLOGY

In this study, we have located on a map the main localities of the Mejhoul plantations.
Eleven locations were studied including El karamah (Jordan), Mexical (Mexico), Al Madinah
Al Munawara (Saudi Arabia), Boudinb (Morocco), Keetmanshoop (Namibia), Wahat Baharia
(Egypt), Jericho (Palestine), En Yahav (Israel), Alice Springs (Australia), Coachella Valley and
Yuma (United States of America) (Figure 1).

Figure 1. Mejhoul planting areas.

The 30-year average minimum and maximum temperatures in the different localities of
‘Mejhoul’ were illustrated (Figure 2). Also, the average relative humidity for the period 2016-
2020 was presented for the different sites studied (Figure 3).

In addition, the combined effect of different climatic conditions (heat, annual
temperatures and relative humidity averages) was evaluated (Table 1). The cumulative heat
units are calculated for the seven-month period of March to September.

RESULTS AND DISCUSSION

Climatic factors (temperature and relative humidity)

The ‘Mejhoul’ date palm prefers doses of cold in winter and heat is important from fruit
set to harvesting, for around five to six months per year. This is confirmed by Figure 2, which
represent, the average maximum and minimum temperatures of some of the main ‘Mejhoul’
growing areas around the world. Thus, in these areas the lowest minimum temperature varies
from 3 to 9°C, while the highest maximum temperature varies between 38 and 42°C. The
flowering process starts at around 18 to 20°C (called ‘zero vegetative value’) which coincides
with the period of January/February in the northern hemisphere and June/July in the
southern hemisphere.
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Figure 2. Average 30-year minimum (left) and maximum (right) temperature (°C). The main
date-growing areas are characterized by low temperature during the period
preceding the flowering season. This allows the induction of the flowering process.
In the represented areas, the minimum observed average temperature varies from
4°C in the northern hemisphere (Boudnib, Morocco), 3°C in the southern
hemisphere (Keetmanshoop, Namibia) and 10°C (Jericho, Palestine). The flowering
of the ‘Mejhoul’ date palms starts in general when the air temperature goes above
18°C. In most date-producing areas this occurs around end of January/February in
the northern hemisphere and June/July in the southern hemisphere, respectively.
In instances where the temperature drops below 17°C after the fruit set period, a
second date palm flowering can appear. During the fruit maturation period, the
climate in ‘Mejhoul’ producing areas is hot, particularly July to August, in the
northern hemisphere, varying between 36°C at Al Waha Al Baharia in Egypt, and
42°C at Al Madinah Al Munawara in Saudi Arabia and Mexicalli in Mexico, while
temperatures reach around 36°C in the represented areas in the southern
hemisphere, during January/February.

Combination effect of different climatic conditions

Table 1 shows how the combination of different climatic conditions of a given area
significantly impacts date fruit maturation and quality, depending on the location of the date
plant.

The Al Madinah area in the Kingdom of Saudi Arabia (KSA) is characterized by hot
temperatures (above 40°C) for four months (June-September), a heat unit of 4,370°C and a
very dry atmosphere with an annual relative humidity average of 23%. Consequently, the
‘Mejhoul’ fruits produced in this area are dry (Figure 4), mainly when the irrigation is not
adapted to suit these climatic conditions.

The Boudnib area in Morocco has an annual average temperature of 19.8°C, with a heat
unit of 3,057°C. The combination of this temperature factor with a relative humidity of 31%

] 13



makes the

Figure 3.

‘Mejhoul’ fruits of this area soft (Figure 5).
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Average relative humidity % for the period 2016-2020. ‘Mejhoul’ dates require low
air relative humidity (RH) during the fruit development and maturation periods.
High RH levels may have a negative impact on fruit quality, mainly by causing
serious problems of skin separation. Therefore, the date-growing areas are mainly
characterized by a dry climate during the June-August period, with RH of 14% at Al
Madinah Al Mounawara in the Kingdom of Saudi Arabia to 50% RH at El Karamah
in the Hashemite Kingdom of Jordan.

Table 1. Heat units, annual temperatures and relative humidity averages.

Cumulative heat units (°C)2  Average annual temperature (°C) Average RH (%)

Boudinb 3,057 19.79 31
Waha Baharia 3,117 22.83 39
El karamah 3,300 24.79 46
Jericho 3,300 23.65 46
EN Yahav 3,514 21.75 39
Keetmanshoop 3,614 20.29 25
Coachella Valley 3,637 22.83 32
Yuma 3,720 22.54 28
Alice Springs 3,767 22.08 32
Mexicall 3,974 2217 31
Al Madinah 4,370 25.54 23

aThe cumulative heat units are calculated for seven-month period of March to September.
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Figure 5. Soft ‘Mejhoul’ dates produced in Boudnib, Morocco.

In some areas of the Middle East where the air relative humidity is high, fruits are of
dark color (Figure 6).
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‘Mejhoul’ fruits produced in the studied areas have different characteristics due to
combinations of edaphoclimatic factors such as soil properties, including physico-chemical
characteristics, cumulative heat units and relative humidity during the fruit development and
maturation. In consequence, the ‘Mejhoul’ fruits produced in these areas may show different
characteristics. This includes fruit color (high rate of relative humidity combined with high
temperature provides dark fruits), fruit sugar content, total phenols, vitamins and
antioxidants (Hasanaoui et al., 2010; Mahawar et al., 2017; Salomén-Torres et al., 2019). The
‘Mejhoul’ fruit characteristics are also impacted by prevalent agricultural practices, such as
fertilization, irrigation management, fruit thinning, and bunch management. Harvesting
practices, as well as postharvest handling, also play a crucial role in the quality of the final
product.

CONCLUSIONS AND FUTURE WORK

The ‘Mejhoul’ producing areas around the globe present a diversity of the combinations
of the cumulative heat units during the period from fruit set to fruit maturation, and the
average air relative humidity mainly during the fruit development and maturation. Therefore,
the ‘Mejhoul’ fruits produced in the studied regions present different fruit characteristics as a
result of the above combinations. Therefore, it is essential to build the capacities of ‘Mejhoul’
producers on good agricultural practices (GAP) applied to ‘Mejhoul’ cultivation to ensure the
production of high-quality fruits that match with the targeted market standards. These
agricultural practices should be adapted to the particular characteristics of each ‘Mejhoul’
production area, mainly knowing that ‘Mejhoul’ has good elasticity and adaptability to various
edapho-climate conditions.

Literature cited

Ait-El-Mokhtar, M., Fakhech, A., Anli, M., Ben-Laouane, R., Boutasknit, A.,, Wahbi, S., and Meddich, A. (2020).
Infectivity of the palm groves arbuscular mycorrhizal fungi under arid and semi-arid climate and its edaphic
determinants towards efficient ecological restoration. Rhizosphere 15, 100220 https://doi.org/10.1016/j.rhisph.
2020.100220.

Alsmairat, N., Qudah, T, Asi, N, and Mehyar, G.F. (2019). Effect of drying process on physical and chemical
properties of "Medjool" date palm fruits. Fresenius Environ. Bull. 28, 1552-1559.

El Bakouri, Z., Meziani, R., Mazri, M.A., Chitt, M.A., Bouamri, R, and Jaiti, F. (2021). Estimation of the production cost
of date fruits of cultivar Majhoul (Phoenix dactylifera L.) and evaluation of the Moroccan competitiveness towards
the major exporting regions in the world. Agric. Sci. 12 (11), 1342-1351 https://doi.org/10.4236/as.2021.
1211086.

Elfeky, A, and Elfaki, J. (2019). A review: date palm irrigation methods and water resources in the kingdom of Saudi
Arabia. . Eng Res. Reports 9, 1-11 https://doi.org/10.9734 /jerr/2019/v9i217012.

Hasanaoui, A., Elhoumaizi, M.A., Hakkou, A., Wathelet, B., and Sindic, M. (2010). Physico-chemical characterization,
classification and quality evaluation of date palm fruits of some Moroccan cultivars. J. Sci. Res. 3 (1), 139
https://doi.org/10.3329/jsr.v3i1.6062.

Ibourki, M., Azouguigh, F, Jadouali, S.M., Sakar, E.H., Bijla, L., Majourhat, K., Gharby, S., and Laknifli, A. (2021).
Physical fruit traits, nutritional composition, and seed oil fatty acids profiling in the main date palm (Phoenix
dactylifera L.) varieties grown in Morocco. ]. Food Qual. 2021, 5138043 https://doi.org/10.1155/2021/5138043.

Mahawar, M,, Jalgaonkar, K., Kumar, M., Singh Meena, V,, and Bhushan, B. (2017). Determination of some physical
properties of date palm fruits (cv. Khadrawy and Medjool). Acta Geophys. 24, 217-223.

Mohammed, M.E.A., Alhajhoj, M.R,, Ali-Dinar, H.M., and Munir, M. (2020). Impact of a novel water-saving subsurface
irrigation system on water productivity, photosynthetic characteristics, yield, and fruit quality of date palm under
arid conditions. Agronomy (Basel) 10 (9), 1265 https://doi.org/10.3390/agronomy10091265.

Pérez-Pérez, B.D., Garcia Vazquez, ].P, and Salomoén-Torres, R. (2021). Evaluation of convolutional neural networks’
hyperparameters with transfer learning to determine sorting of ripe Medjool dates. Agriculture (Switzerland) 11
(2), 115 https://doi.org/10.3390/agriculture11020115.

Ranasinghe, M., Manikas, 1., Magsood, S., and Stathopoulos, C. (2022). Date components as promising plant-based
materials to be incorporated into baked goods: a review. Sustainability (Switzerland) 14 (2), 605 https://doi.org/
10.3390/su14020605.

Salomon-Torres, R., Ortiz-Uribe, N., Valdez-Salas, B., Rosas-Gonzalez, N., Garcia-Gonzalez, C., Chavez, D., Céordova-

16


https://doi.org/10.1016/j.rhisph.%202020.100220
https://doi.org/10.1016/j.rhisph.%202020.100220
https://doi.org/10.4236/as.2021.%201211086
https://doi.org/10.4236/as.2021.%201211086
https://doi.org/10.9734/jerr/2019/v9i217012
https://doi.org/10.3329/jsr.v3i1.6062
https://doi.org/10.1155/2021/5138043
https://doi.org/10.3390/agronomy10091265
https://doi.org/10.3390/agriculture11020115
https://doi.org/%2010.3390/su14020605
https://doi.org/%2010.3390/su14020605

Guerrero, [, Diaz-Rubio, L., Haro-Vazquez, M.D.P, Mijangos-Montiel, J.L., et al. (2019). Nutritional assessment,
phytochemical composition and antioxidant analysis of the pulp and seed of medjool date grown in Mexico. Peer]
7,e6821 https://doi.org/10.7717 /peerj.6821. PubMed

Sperling, 0., Lazarovitch, N., Schwartz, A., and Shapira, O. (2014). Effects of high salinity irrigation on growth, gas-
exchange, and photoprotection in date palms (Phoenix dactylifera L., cv. Medjool). Environ. Exp. Bot. 99, 100-109
https://doi.org/10.1016/j.envexpbot.2013.10.014.

Zhen, ]., Lazarovitch, N., and Tripler, E. (2020). Effects of fruit load intensity and irrigation level on fruit quality,
water productivity and net profits of date palms. Agric. Water Manage. 241, 106385 https://doi.org/10.1016/
j-agwat.2020.106385.

17


https://doi.org/10.7717/peerj.6821
https://pubmed.ncbi.nlm.nih.gov/31360620
https://doi.org/10.1016/j.envexpbot.2013.10.014
https://doi.org/10.1016/%20j.agwat.2020.106385
https://doi.org/10.1016/%20j.agwat.2020.106385

18



The actual and future of the production and marketing
of Jordanian dates

A. Haddada

Jordan Dates Association (JODA), Jordan.

Abstract

This paper reviews the reality of production and marketing of Jordanian dates
and their cultivars, with a focus on the cultivar, where it shows the areas of cultivation,
the evolution of its production, their areas, tenure rates, and categories of producer
farmers. This paper also shows the local consumption rates of local and imported dates
across time periods. A time line showing the annual increases as well as the most
important countries and markets to which these dates are exported, as well as the most
important competitors in these markets from the ‘Mejhool’ dates producers around the
world, the most important of which are America, Israel, Palestine and Morocco. The
global market for ‘Mejhool’ dates, after which the study is moved to review the
possibilities and prospects of expansion in the cultivation and production of ‘Mejhool’
in Jordan, the factors affecting this expansion and the challenges faced by this sector,
such as water scarcity, competition in marketing, high production costs, especially
labor, in addition to pests and epidemic diseases, the most important of which is the
red palm weevil. The study, based on specialized studies, showed the strategic goals of
this sector, the vision and the strategic plan that can achieve these goals and
recommendations, which included in the most important what included addressing
challenges and obstacles such as water, employment, combating the palm weevil,
conducting studies and research necessary for this, adopting promotional programs
and strengthening the role of the Dates Association in helping to improve this sector
and enable it to do so.

Keywords: dates, palm, farmers

INTRODUCTION

This presentation sheds light on the reality and future of the cultivation and production
of ‘Mejhool’ dates in Jordan and the constraints and challenges it faces and how to overcome
them. The presentation was based on the reality of production and marketing of dates in
Jordan, including competitiveness in global markets, the presentation includes also
recommendations for achieving the strategic objectives for date sector in Jordan

MATERIALS AND METHODS

The author of the paper relied on secondary data available in local and international
statistical information centers in addition to relying on his personal experience during the
past two decades through his work as a researcher and as president of the Jordanian Dates
Association and through direct supervision of palm plantations spread in Jordan and keeping
pace with the development of the date palm sector in Jordan during the 20 past years (Table
1; Figures 1-17).

Market segmentation and parameters

Demographics; geographics; behavioral; psychographic.

Factors arranged in order of importance that affects the decision to buy dates in the
European markets: trademark; the quality; source of origin; prices; appearance; seasonality;
cultivar; freshness; taste; texture; food safety; packaging; contents; attractiveness.

2E-mail: haddadanwar3013@gmail.com
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Table 1. Jordanian dates competitive standards.

Parameter Result
Jordan’s ranking among the date Jordan ranks thirteenth among the countries exporting dates in the
exporting countries world

Competitive prices of Jordanian dates  Jordan is not considered competitive in terms of price in the global
exported in some international markets market for dates, as it was ranked 12" among countries exporting
this commodity

Apparent competitive advantage Jordan dates have a clear competitive advantage, but they are in
(RCA) the tenth position

Comparative advantage of date A study of the value chain of dates in Jordan showed that Jordan
production in Jordan has a comparative advantage in production

Market penetration coefficient The Netherlands is the most penetrable market (i.e., it can be

exported to) followed by France, Denmark, and Belgium

Figure 1. Where do we grow date palm in Jordan?
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Figure 5.Local consumption of dates in Jordan (2019-2020).

Figure 6. Jordanian exported date cultivars.
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Figure 7. Exported quantities and values of Jordan dates to the global market (2013-2020).
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Figure 8. Countries importing Jordanian dates and % of imported quantities 2020.
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DATE SECTOR STRATEGY

Vision

A growing, sustainable, comprehensive, highly efficient, and competitive production of
Jordanian dates.

Mission

Expand the production and export of dates in a sustainable manner by increasing
production horizontally and vertically, developing the value chain, and providing an enabling
and regulatory environment to raise the competitiveness of Jordanian dates, in order to
increase the contribution of the agricultural sector to the GDP, and enhance food security and
nutrition.

The following strategic objectives have been suggested:

1.

Strengthening the Jordanian precedence and leadership in the production and
export of the ‘Mejhoul’ cultivar, and dates in general, and raising its competitiveness
aiming to make dates an important source of national income;

. In order to achieve sustainability, it is suggested to regulate the production,

processing, marketing of Jordanian dates, maintaining the current markets, expand
horizontally by opening new global markets, including those in the Far East, in order
to achieve sustainability;

. Enhancing research and development through an integrated research and mentoring

program aimed at conducting applied research to address the productivity problems
experienced by palm growers and transferring the results of research, innovations
and modern technologies to farmers;

. Optimizing the use of natural resources and raising the efficiency of their use,

especially irrigation water, to increase the productivity and production of dates in a
sustainable manner;

. Elimination of the red weevil and controlling palm pests by applying an integrated

package for crop service and expansion operations using digital palm cultivation
applications;

. Providing the appropriate environment for investment in the date palm sector, and

supporting and encouraging investment, especially for small farmers, to raise the
efficiency of the dates value chain and maintain its sustainability;

. Building human capacities and research and technical personnel specialized in the

fields of production, processing, marketing and export of dates.

Action plan and programs

1.
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Create enabling environment for expansion In dates production, processing and
export;

Institutionalization of dates palm sector in Jordan;

Establishing national program for building the national capacity in dates
production, postharvest processing, and marketing;

Integrated pest management program for red palm weevil;

Implementation program of applied research to determine the best productive and
preventive practices and the needs of palm from environmental resources and
improve post-harvest operations to raise productivity and production of the palm
tree and reduce the negative impact of climate change on dates;

Establish a national program for the expansion in dates palm plantation;

Establish a national fund on date palm development in Jordan;

Strategy within a strategic marketing plan;

The program to increase the capacity of the current workshops and establish new
workshops for the packaging and packaging of dates;

Exploitation and utilization program of surplus dates and by-products of palms and
dates;

. Program for the development and improvement of local packaging materials;
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12.
13.
14.

15.

Jordanian Organic Dates Production Program;

Creation of tissue culture laboratory;

Expansion program in areas eligible for date palm cultivation (Al-Azraq, Ghor Al-
Safi and Wadi Araba);

The Jordanian Dates Association Capacity Building Program as a representative of
date palm producers in the Hashemite Kingdom of Jordan.

DISCUSSION AND CONCLUSIONS

1.

The available information and data indicated that the date palm sector and date
production have witnessed a great development during the past 20 years, as a
significant increase is observed in the areas planted with date palms, which recorded
their highest jump in the period after 2006, and this was clearly reflected on the
production in 2014, where the planted areas in 2019 exceeded 30 thousand dunams,
mostly in the Jordan Valley, and production reached about 30,000 t, 80% of which
are of the high-value ‘Mejhool’ cultivar, in addition to 13% of the ‘Barhi’ cultivar and
the rest of the other cultivars. The growth rates in areas and production are
estimated at 10-12% annually;

. Farmers in Jordan face a number of challenges, the most important of which are

water scarcity, lack of trained workers, high wages, random expansion of planted
areas, pests and epidemic diseases, the most important of which is the red palm
weevil infestation, and the lack of research and studies to meet these challenges, as
well as strong competition in the global market;

. Jordan exports about 50% of its production of dates to more than 15 countries

around the world, most of which are of the ‘Mejhool’ cultivar. It ranks 12t in terms
of quantity and 13t in terms of the value of dates exported among the countries
producing/exporting dates, while Jordan imports about 14,000 t annually and
estimates a consumption rate per capita at about 3.3 kg annually, which is one of the
low rates in the region, and Jordan competes with four countries producing ‘Mejhool’
in the world and occupies fourth place in terms of the value of its exports of dates;
The Khalifa International Award contributed to the preparation of a strategy for this
sector. The Jordan Dates Association is working in cooperation with the Ministry of
Agriculture, partners, and palm farmers to implement it, the strategy recommended
organizing expansion in the sector, diversifying cultivars, and improving product
quality;

. The markets of the Middle East, North Africa, and Europe were among the most

important markets for Jordanian dates, according to the results of the marketing
study conducted by the association with the support of the FAO.

RECOMMENDATIONS
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1.

2.

3.

Adopting and implementing the proposed programs to implement the palm sector
strategy;

Giving absolute priority to the project to combat the red palm weevil, with the aim
of declaring Jordan a clean country from this scourge by 2030;

Agreement with the Ministry of Water and Irrigation, and the Jordan Valley
Authority, to provide water for irrigation in the necessary quantity and quality at
the right time;

Conducting promotional programs for Jordanian dates (especially ‘Mejhoul’) to
enhance competitiveness and increase the volume of date exports;

The necessity of organizing and supporting the palm sector due to its economic and
developmental importance through institutionalizing this sector;

Strengthening the role of the Jordan Dates Association and enhancing its
capabilities to be able to perform the roles required of it in the various items of the
strategy, and its distinguished role in the development of the palm sector in general;
Reviewing the framing of a system for contracting between major producers,
owners of workshops and small farmers, according to a tight system;



8. Improving the infrastructure necessary for the date palm sector, especially roads,
modernizing irrigation networks and providing energy sources;

9. Giving importance to small farmers in terms of developing their production and
marketing capabilities, allocating extension programs, transferring technologies,
weevil control and crop service operations;

10. Establishing a knowledge platform for the Nakheel sector aimed at developing and
applying modern technologies;

11. Conducting a field survey to inventory the areas of fruitful date palms and their
cultivars in all production areas;

12. Reconsidering the size of the palm production unit on the basis of profitability,
efficiency and investment requirements.
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‘Mejhoul’ dates cultivation in Morocco

M.A. Elhoumaizi?
Mohammed I University, Faculty of Sciences, Department of Biology, PO Box: 717, Oujda 60000, Morocco.

Abstract

Native to Morocco the ‘Mejhoul’ cultivar is one of the most important date
cultivars around the world. It is commonly known as the queen of dates, which offer the
best value in the market. In this paper we presented the origin, importance and the
future of the ‘Mejhoul’ cultivar in Morocco. The ‘Mejhoul’ cultivar is extensively planted
in various Moroccan oases (old and new plantation), due to its great ability to adapt.
Morocco is expecting the production of 70,000 t of ‘Mejhoul’ dates, to be presented in
the national and international markets, by 2030.

Keywords: date palm, ‘Mejhoul’, Morocco, cultivation

INTRODUCTION

The date palm (Phoenix dactylifera L.), is one of the oldest and ancient crops in
southwestern Asia and northern Africa. Although date palm is mostly cultivated for fruit, it is
also grown in many countries as an ornamental plant or as a landscape tree (Chao et Krueger,
2007). The date palm tree offers a wide range of benefits. It contributes significantly to
environmental balance. It thrives in severe climatic conditions.

In Morocco, the date palm is grown in several zones located on the southern side of the
Atlas Mountains along rivers and around water points. Date palm is grown mainly in regions
situated in the southern and northeastern parts of the country. The date palm is the pivot of
the oasis ecosystem of the Moroccan Saharan and pre-Saharan regions and the providential
tree for more than 4 million inhabitants.

Date palm production area in Morocco is estimated to be close to 60,000 ha in 2019,
concentrated mainly in the oases of Draa-Tafilalet (77%), Sous Massa (15%), Oriental (5%)
and Guelmim Oued Noun (4%) (Figure 1) (MAPMDREE 2021a). Consumption of dates fruitis
mainly concentrated in oases in eastern and southeastern Morocco, where dates represent an
essential component of the food diet for the population. In the cities, dates consumption
become important during the Ramadan fasting month and Achoura, another religious feast
(Toutain, 1973; Chetto et al., 2005).

Date palm production region in Mareccy

Figure 1. Date palm region in Morocco.

aE-mail: Elhoumaizi@yahoo.fr; m.elhoumaizi@ump.ac.ma
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Total date production from Morocco was reported to be 143,000 tin 2021 (MAPMDREEF,
2021a), which comprised of over 400 cultivars including a high proportion of ‘Khalts’ (mainly
originated from seed) and other high-value such as ‘Boufeggous’, ‘Mejhoul’, ‘Bouskri’, and
‘Aziza Bouzid’ (Figure 2) (Hasnaoui et al., 2012). Morocco continues to import 60,000 t of
dates annually, mainly from Tunisia, especially ‘Deglet Noor’, which is the most marketed
cultivar (about 90%) in Europe (APIA, 2008). Annual consumption of dates is estimated at
2.82 kg personl. However, in more than 68% of cases, this consumption is done on an
occasional basis, particularly in the month of Ramadan.

7 9,6 millions plants
et = 40000 hectores (1%)
r 18 kg / plant
Khalts ot |dentifled varletiegh S = 3 g ---15kg

A 300- 400 Gultivers
/ Impertations 50.000 fon :year

y

& : Date palm sector in Merocea

Figure 2. Date palm production area in Morocco.

The area of land dedicated to the date palm had a net increase of 25%, from 48,000 ha
in 2008 to 60,000 ha in 2019. Production increased by 50%, from 68,000 t between 2003 and
2007 to 102,000 t between 2010 and 2019 (MAPMDREF, 2021a). These figures are likely to
change in the next years due to the fact that the new intensive specialized and mostly mono-
varietal date plantations, rapidly developing at the oasis outskirts, are mainly of the ‘Mejhoul’
cultivar and only in some cases, also few other valuable cultivars are planted. The recently
developed ‘Nadja’ cultivar, which resists Bayoud disease, could also take place in some heavily
infested areas (Sedra, 2003).

HISTORY OF MOROCCAN CULTIVAR ‘MEJHOUL’

There are an estimated 1000 cultivars of date grown worldwide. Date palm cultivars
were continuously subjected to the natural selection imposed by their immediate
environment, geographical locality, and agricultural practices. ‘Mejhoul, ‘Medjoul’ or the
‘Medhjoul’ cultivar (meaning unknown) dates are one of the most popular date cultivars in
Morocco, as well as in many parts of the world. ‘Mejhoul’ date is originally from Boudenib in
Morocco but largely spread around the world (Figure 3). It is of high commercial value and is
considered to be one of the best exported dates with regard to its fruit quality and size in
comparison with other cultivars. It was enjoyed exclusively by royalty and reserved for lavish
celebrations, thus inspiring the titles “The King of Fruits” and “The Diamond of Fruits”
‘Mejhoul’ currently represents 0.3% of the total date production in Morocco and 70% of the
new plantations developed within the Green Morocco Plan (GMP).

Up until 1927, Morocco was the exclusive grower of ‘Mejhoul’ date palm. The
introduction of the ‘Mejhoul’ date to the western world came when a disease nearly wiped out
the date palm trees in the oases of southern Morocco, and to save the delicious fruit from
extinction, 11 date palms were sent to the United States in the 1927 by Dr. Walter Swingle.
These offshoots were planted, and nine survived. In 1934, these date palms were moved to
Coachella Valley in southern California. Those offshoots are now responsible for the millions
of ‘Mejhoul’ dates found all over California and in many parts of Arizona and the world. The
propagation of the cultivation of the ‘Mejhoul’ cultivar was carried out in two periods, firstly
by offshoots (before 1995) and later by vitro-plants (Figure 4).
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Figure 4. ‘Mejhoul’ Moroccan date travel through time.
DISTRIBUTION OF THE MEJHOUL IN MOROCCO

Traditional oasis

In the old plantations the ‘Mejhoul’ cultivar is mainly cultivated in the region of
Errachidia almost 90% (ORMVAT, 2011). The Erfoud region remains the main supplier of
‘Mejhoul’ in Morocco. The ‘Mejhoul’ date production is concentrated especially at traditional
palm groves (Figure 5). Concerning the agronomic aspect, the productivity of ‘Mejhoul’
cultivar varies according to the conditions of irrigation, the state of the plantations, etc.;
however, the average productivity is estimated at 42 kg plantl. ‘Mejhoul’ cultivar is subjected
to various phyto-sanitary problems that hinder its development and extension principally
Bayoud disease. In 2011 the total number of ‘Mejhoul’ tree is estimated at 151,261 of which
72,584 are productive with an average annual production of 2900 t (Table 1) (ORMVAT, 2011).

Table 1. ‘Mejhoul’ cultivar distribution in Moroccan traditional oasis (2011).

_Regions Tree number Productive trees % Average yield tree’ Production (t)
Erfoud 67250 32850 49 40 1314
Kheng 13900 7425 53 40 297
M'daghra 11300 3740 51 40 150
Ferkla-Tinejdad 10250 5263 51 40 211
Oued Nadm 8906 4500 59 40 180
Aoufous 8800 5628 52 40 225
Goulmima-Ghéris 8000 1398 17 40 56
Mellab-Touroug 7000 4150 59 40 166
Rteb 6710 4300 64 40 172
Figuig 4050 300 7 27 8
Alnif 3545 1950 9 40 78
Mezguita Agdez 800 600 75 52 31
Ain Chouater 750 480 40 64 12
Total 151261 72584 42 45 2900
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Figure 5. Area ‘Mejhoul’ cultivar distribution in traditional oasis area (Chapron et al., 2014).

New plantations

The Moroccan Government developed the Green-Morocco Plan (2008-2020) (GMP), a
national agriculture strategy that has the aim of improving food security and promoting
inclusive economic growth through strengthening the resilience, sustainability and
competitiveness of the agriculture sector and tackling structural inequalities (MAPMDREE
2021a). The GMP had for objectives concerning the date palm sector.

- Planting 3 million palms in 10 years;

- Make Morocco a date exporting country, producing 185,000 t in 2030.

Date production in Morocco has multiplied by 2.3 times, with a record date yield of
149,000 t in 2020. The number of date palm trees in Morocco is estimated at 6.9 million, of
these 2.7 million were planted within the framework of the GMP (118% of the objective set).
This includes 1.5 million for the densification of traditional oases and 1.1 million in
extensions, especially in the Meski-Boudnib region.

Date production has multiplied by 2.3 with a record campaign of 149,000 t in 2020.
Actually, the number of palm trees is estimated at 6.9 million, among 2.7 million were planted
within the framework of the Green Morocco Plan (118% of the objectives set), including 1.5
million for the densification of traditional oases and 1.1 million in extensions, especially in the
region: Meski-Boudnib axis (ORMVAT, 2020).

The most important ‘Mejhoul’ new plantation is based in the axis level of the Meski-
Boudnib (Figure 6) (Errachidia region), the profile composed by ‘Mejhoul’ (79.3%),
‘Bouffegouss’ (16.1%), males (1.8%), ‘Najda’ (1,2%). The rest is composed of the cultivars
‘Bouskri’, ‘Abou- Ijjou’, ‘Boufeguous Gharass’, ‘Aziza Bouzid’ and ‘OumNhal’ which represented
(1.5%). However, the presence of foreign cultivars from other countries (Tunisia, Saudi Arabia,
etc.) namely the ‘Deglet noor’, ‘Barhi’ and ‘Khalass’ should be noted. In 2011 in the region
Errachidia in old oasis and new plantations more than 862019 ‘Mejhoul’ trees were planted
(Table 2; Figure 7) (ORMVAT, 2020).

Figure 6. Distribution of ‘Mejhoul’ in new plantation in axis Boudnib-Maski.
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Table 2. ‘Mejhoul’ cultivar distribution in Moroccan traditional oasis and new plantations in

Errachidia region oasis (ORMVAT, 2020).

_Region Tree number
Oued Naam 439552
M'Daghra 145231
Erfoud 119304
Kheng 28197
Ferkla Tinejdad 25189
Bouénane 25165
Goulmima Gheriss 21609
Mellab 12500
Aoufous 12400
Ain Chair 10086
RTeb 8200
Aghbalou 7893
Alnif 4250
Tadighoust 2443
Total 862019

Majda (1,2 %) males (1,8 %)

Bouskrl (1.1 %6)
Aziza Bouzid (0.1 %)

Boufoggous (16,1 %)

others cultivars
(0.2%)

Figure 7. Cultivars distribution in new plantation (Meski-Boudenib).

Traditional propagation via offshoots is simply not enough to meet the present-day date
palm tree demands for GMP. Conversely, micro propagation has shown promising signs as a
better large-scale propagation method for cultivating date palm trees. Morocco has the largest
number of date palm tissue culture laboratories internationally, which provides the necessary
number of vitro plants. In Morocco there are eight tissues culture laboratories producing in
average 400,000 plants year-! (80% ‘Mejhoul’) (Figure 8).
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Figure 8. Tissue culture laboratories in Morocco.

In February 2020, the Government of Morocco launched its second strategic plan for
agriculture. The new plans represent a continuity of the Green Morocco Plan (GMP), launched
in 2008. The new plan, named “Generation Green”, sets out an agricultural development
strategy through 2030 (MAPMDREEF, 2021b). It has two major pillars:
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- Develop a new agricultural middle class representing between 350,000 and 400,000
households by supporting young entrepreneurs through the mobilization of one
million ha of collective lands;

- Promote human and social development.

The national date palm planting program provides for the planting of 5 million palm
trees as part of the Generation Green strategy (2020-2030), including 4 million in the Draa-
Tafilalet region, with 2.4 million trees for the densification of oases traditional and 1.6 million
trees for extensions (Figure 9).

Green Moracco
Plan

{2010-2620)
3 waillion

Generatlon Green 8 MILLION
12020-2030| [EL) M TREE

5 hllion (70 %) Mejhoul

In 2030 Morocco will have 5,5 million Mejhoul Trees

Figure 9. Green Morocco plan and Generation Green in Morocco (2010-2030).

Geographical indication ‘Mejhoul’ Tafillaet dates

Given its high commercial value and traditional position in the domestic market, the
‘Mejhoul’ dates of Tafilalet are positioned within the core of the development strategy of the
GMP. This cultivar of date was the first one to receive a labeling of a distinctive sign of origin
and quality as (PGI) geographical indication in 2010 (Figure 10). PGI name used to identify a
product as originating from a territory, region or locality, where a quality, reputation or other
characteristic of that product can be attributed essentially to that product, and that
production and/or processing and/or processing takes place within the defined geographical
area (MAPMDREEF 2019).

PROTECTED GEOGRAPHICAL INDICATION

« MAJHOUL DATES OF TAFILALET»

APTUICANT GRTUP.

ORJECTIVEY OF THE PGI:

Figure 10. Geographical indication ‘Mejhoul’ Tafillaet dates (MAPMDREEF, 2019).

Geographical area of the distribution of ‘Mejhoul’ date palm is estimated at 32,500 km?,
concentrated mainly in Errachidia province. The geographical area which is granted the right
to produce ‘Mejhoul’ dates of Tafilalet is composed of 30 rural communities spread across the
provinces of Errachidia and Tinghiri in the oasis of Tafilalet. This delimitation is sufficiently
wide to generate a variability of ‘Mejhoul’ dates including the effect of the micro environment
associated with knowledge of farmers (MAPMDREF, 2019).
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“Mejhoul Road”

The “Mejhoul Road” is the nucleus for the development of eco-tourism in the oases. It
has evolved from a tourism circuit to a territorial brand. The idea of the Sustainable Territorial
Development Program of Tafilalet Oasis is to protect the oasis heritage and nature by
introducing tourism products enhancing this goal. The main product is “Mejhoul Road”, which
is initiated to create in the area a specific image and to enhance the eco-tourism efforts (Figure
11) (Programme des Oasis du Tafilalet, 2016).

The Road MAJHOUL
Route du MAJHOUL
derdl o

Figure 11. “Mejhoul Road” (Programme des Oasis du Tafilalet, 2016).

CONCLUSIONS

The ‘Mejhoul’ cultivar is extensively planted in various Moroccan oases (old and new
plantation), due to its great ability to adapt. Morocco is expecting the production of 70,000 t
of ‘Mejhoul’ dates, to be presented in the national and international markets, by 2030. In terms
of new agricultural practices, Morocco is also approving good agricultural practices and
mechanisms, as well as following the newest international methods for the development of
modern irrigation systems, digital processes and pest forecasting and diseases control.
Morocco is committed to develop the date industry, as well as its agricultural methods, to
ensure higher productivity of date crops, and to increase the quality and reputation of
Morocco’s dates within international markets. Morocco’s has proximity to Europe, the most
important global market for exporting ‘Moroccan’ Mejhoul dates.
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Abstract

Egypt is considered the largest producer of palm dates in the world. Different
cultivars of dates are produced all over Egypt’s areas. In the last 15 years, the ‘Mejhoul’
cultivar had a significant expansion in different governorates in Egypt because of the
advantages of this high marketing value semi-dry cultivar. More than 700,000 ‘Mejhoul’
date palm trees have been planted through a mega-national project in Egypt, where the
Egyptian Government and the political leadership pay special attention to the date
palm production sector in Egypt.

Keywords: ‘Mejhoul’ cultivar, semi-dry cultivar, national projects in Egypt, date palm, Giza
governorate, date palm industry

INTRODUCTION

Egypt occupies the first position as the largest producer of palm dates in the world, with
an annual productivity of about 1.65 million t (Table 1) from about 16 million palm trees,
equivalent to nearly 18% of the global production estimated as 9 million t, and about 25% of
the Arab production of dates estimated at 6.5 million t (Abdullah, 2018). Due to the large area
of Egypt (1 million km?) and the diversity of the climate, many cultivars of dates are produced.
The semi-dry date cultivars - which are mostly desired in the global markets - represent about
17% of Egypt's date palm production, and is considered the main pillar in the strategy of
developing the dates’ sector and export. The popularity of semi-dry date cultivars has
contributed to the great expansion in the cultivation of the ‘Mejhoul’ cultivar, and some other
cultivars of high market value in the last 15 years, especially in the regions of Giza, El-Wadi El-
Gedid, Aswan and Minya Governorates (Hosny, 2016; El-Sharabasy and Rizk, 2019).

Table 1. Cultivar groups, their productivity and their approximate percentage of date palm in

Egypt.

Cultivar group Total production (t)  Percentage of total production (%)
Soft 900,000 53

Semi-Dry 290,000 17

Dry 34,000 2

Unidentified cultivars? 476,000 28

Total 1,700,000 100

alnidentified cultivars resulting from date palm seeds.

THE PREFERENCE FOR ‘MEJHOUL'’

The ‘Mejhoul’ cultivar (Figure 1) has many advantages, including the late ripening time
that has earned it the top spot in competition with other early-ripening cultivars (Zaid and
Oihabi, 2022). In terms of specifications, it has a beautiful shape, large size and an appropriate
sweetness ratio, which makes it desirable for export, especially to Europe and America. In
terms of agriculture, ‘Mejhoul’ trees are not exposed to a large amount of environmental
stresses that affect the pollination process at the beginning of the season, which reduces
production costs and leads to good fruiting ratio (Panoff, 2019). The central Egypt region is

aE-mail: sharabasydates@yahoo.com
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considered one of the best areas for growing the ‘Mejhoul’ palm, and it starts from Giza
Governorate in the north to Assiut Governorate in the south, and from South Sinai Governorate
in the east to the western oases of Giza and EI-Wadi El-Gedid and Matrouh governorates in the
west. ‘Mejhoul’ can be grown in many other areas in Egypt (Hosny, 2016), but some additional
techniques need to be applied to reach high quality. It is necessary to provide suitable
environmental conditions for ‘Mejhoul’ cultivation, especially the appropriate weather
conditions, where it thrives in areas with moderate temperatures and humidity, as it grows
best between 13 to 37°C. It is not suitable for cultivation in areas with a lot of rain in the
summer, especially during the stage of fruit ripening, and also in areas with long winters.
‘Mejhoul’ trees are grown in many types of soil, but it is preferable to be planted in sandy or
yellow lands with good drainage to obtain a good quality crop, while heavy black soil causes
a decrease in the quality of the crop.

Figure 1. A field of an adult date palm, ‘Mejhoul’ cultivar.

‘MEJHOUL’ CULTIVATION

‘Mejhoul’ cultivation goes through several stages of growth (Figures 2 and 3), which
ends when the fruit reaches the semi-dry ripening stage (moisture content 22-28%)), in which
the fruit develops a wrinkled shape, distinctive color, and becomes suitable for consumption
and marketing. Thanks to the appropriate climatic conditions, Egypt is one of the best
countries for cultivating ‘Mejhoul’. But Egypt also has strong advantages due to the availability
of production inputs, human resources and trained labor at an appropriate cost, and the
necessary land areas. Egypt’s geographical location, shippinglines, and trade agreements with
many countries of the world also allow for increased competitiveness in exporting the
products, beside the availability of a large and growing local market due to the annual increase
in the population and the growing awareness of the consumption of palm dates in general
because of its high nutritional and health value.

THE ‘MEJHOUL’ INDUSTRY IN EGYPT

Egypt includes tens of investment farms specialized in the cultivation of date palms and
the production of dates, containing hundreds of thousands of ‘Mejhoul’ palms cultivated in the
last 15 years. These farms rely mainly on the import of seedlings that are subjected to strict
control by the Central Administration of Agricultural Quarantine at the Egyptian Ministry of
Agriculture and Land Reclamation, which is responsible for ensuring the quality of imported
seedlings, and to prevent the transmission of pests and diseases. Most of these modern farms
apply organic or clean farming systems to ensure the production of chemical free dates, and
most of these farms are certified to international quality certificates such as Global Gap -
GRASP.
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Figure 4. Fruit punch of ‘Mejhoul’ cultivar in the (harvest) stage.

INNOVATIONS IN DATE CULTIVATION

Cold stores, sorting and packing stations for these farms are also available according to
the latest technologies, most of them are certified to international quality certificates such as
BRC - 1S022000 - FSSC22000. One of these refrigerated warehouses with a storage capacity
of 4,000 t was established in El-Bahariya Oasis - Giza Governorate as a part of the continuous
fruitful cooperation with Khalifa International Award for Date Palm and Agricultural
Innovation (KIAAI) with a grant from the UAE. The number of ‘Mejhoul’ date palm trees in
Egypt is currently about 1.4 million, of which about 600,000 are fruitful, with an average
productivity ranging between 60 and 70 kg palm-1. The total productivity at the present time
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reaches more than 3,000 t annually, increasing at an annual rate due to the increase the
number of fruitful palms cultivated in the last few years, and due to the new Egyptian and
Arab investments in this sector (FAO, 2019).

NATIONAL PROJECT OF DATE PALM CULTIVATION IN EGYPT

The Egyptian Government encourages investment in Egypt in general, and the political
leadership pays special attention to the date palm cultivation and date production sector in
Egypt. This is in recognition of the cultivars of dates with high market value, as the date palm
sector is considered one of the most promising sectors for achieving the sustainable
development and for increasing exports. Therefore, the Egyptian Government supports its
exports by several mechanisms, including providing financial support for exports. In this
regard, since 2018, the establishment of the largest date palm farm in the region has started
on an area of 40,000 acres that accommodates 2.5 million date palm trees in El-Wadi El-Gedid
and Aswan Governorates for the cultivation of different types of date palms, where in the last
two years, more than 700,000 ‘Mejhoul’ date palm trees have been planted. This mega-project
which is gaining the attention of the political leadership in Egypt also establishing refrigerated
and frozen warehouses, sorting and packaging stations, and various production lines to
maximize the added value that can be derived from the date palm.
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‘Mejhoul’ cultivation in the Republic of South Africa

M. McCubbinta and C. Edmonds2?

1Pasture Valley Pty Ltd., PO Box 1129, Nhlangano, Eswatini, South Africa; 2Boschendal Estate, Franschhoek, 7690,
Cape Province, South Africa.

Abstract

Date fruit is highly valued in many areas of the world. The date palm can
withstand harse environments and is grown in deserts where not many other plants
can be grown. In the Republic of South Africa, new plantations have started up near the
Orange River and the date palm industry is growing as more plantations are
established. Of all the cultivars planted, ‘Mejhoul’ is by far the most favoured for its
large size, sweet taste and soft texture. Plants are sourced through tissue culture or off
shoots and planted in a 8x8 m spacing. In South Africa the flowering time is around July
to September and pollination is mostly by hand. Pests such as the red palm mite and
more recently the greater date moth has been identified. A production of 90-100 kg of
fruit per mature palm is expected. The larger companies use exporters to export their
fruit while some fruit is also sold on the local markets especially during Ramadan.

Keywords: date palm, ‘Mejhoul’, cultivation

INTRODUCTION

The ‘Mejhoul’ cultivar (or ‘Medjool’ as referred to locally) of date palms is by far the
most favourite and most cultivated variety in South Africa. The large size, sweet caramel taste,
soft chewy texture and good appearance make it ideal for the South African market and export
markets. The dates are a source of fibre, iron, calcium, magnesium and potassium and are a
good energy source.

Date palm cultivation in South Africa first originated in Pella, as missionaries planted
them around their station around 1882. Various cultivars, such as ‘Khadrawy’, ‘Deglet Noor’,
‘Barhi’ and ‘Mejhoul’ were planted at Klein Pella near Kakamas. Today, 87 ha of date palms
remain, with 90% of the plantation being of the ‘Mejhoul’ cultivar at Karsten Farms.

Newer plantations have started up on the Orange River, with Southern Farms planting
date palms of ‘Mejhoul’ and ‘Zamli’. Southern Farms has cultivated 200 ha of Mejhoul, making
up 24,600 trees planted to date. Smaller clusters of date palms have been grown elsewhere,
such as Tankwa Karoo with around 50 plants and others on the Limpopo River near Mussina.

CONDITIONS FOR PLANTING

The soils used for date palm planting can be placed into two main classifications, deep
alluvial soils along the river banks of the Orange River, and coarse sandy soils in all the other
areas away from the river. The micro climate along the river - with slightly higher humidity
and better water retention in the soils - produces top quality areas for the date palms to grow.
Although older plantations started with a 10x10 m spacing, most of the new plantings have
been established with 9x9 m spacing, while even newer orchards have moved to a higher
density spacing of 8x8 m. The trend is to plant with the higher density the further one gets
away from the river, to create better micro climates in the orchards.

New planting material is either tissue culture palms that are imported or from offshoots
taken from existing orchards (Figure 1). Tissue culture trees are planted in 50- to 100-L bags
and kept in the nursery for one to two years, planted out when they are 1 m tall. Offshoots are
planted in 100-L bags and planted out after one year, depending on their growth and root
development.

aE-mail: pastval@mweb.co.za
bE-mail: charles25e@icloud.com
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The Orange River is the main source of water supply for date palm cultivation in South
Africa, and the abundance of water assists in optimal production. The irrigation systems used
in South Africa for date palms are mainly bubblers, micro and drip irrigation.

Figure 1. Tissue culture date palms produced in South Africa grown in torpedo pots ready
for hardening.

DATE PALM CULTIVATION

The date palm’s flowering time in South Africa takes place from the end of July to
September. All pollination is done by hand. The pollen is mainly imported from the UAE. Most
of the pollen imported is of the male ‘Ghunami’ cultivar. Fruit thinning is determined by the
size specification of the target market the fruit is being grown for, although the best prices and
higher consumer demand are for Large and Jumbo sizes. At pollination, the heart of the bunch
is removed and the bottom 10 cm of all the spikelets are cut off to reduce the crop load. The
heart of the bunch is removed to help with ventilation and even the ripening of the fruit. The
fruit is spaced on the spikelets to reduce compaction of the bunches. Once fruit set has been
determined, the bunches are thinned to between 30 and 45 spikelets per bunch with 10-12
fruit per spikelet. At optimum production 90-100 kg of fruit tree-! can be expected.

The cultivation of dates is not without problems in South Africa. Pests such as white
scale and fruit fly are present causing losses in production. The greater date moth (Arenipses
sabella) is a new pest that is becoming a problem. The moth causes damage to the bunch bases
or ends, which affects fruit yield and quality. The red palm mite (Raoiella indica) has also
recently been reported to be seen on date palms.

Fungal diseases, such as black scorch (Thielaviopsis punctulata), are also prevalent.
Black scorch fungi penetrate the leaves, inflorescence, heart, trunk and bud, causing black and
hard lesions. The leaves will have a charcoal-like appearance which will bend, die back and
rot.

THE GROWING SEASON

The dates grow under hot and dry climatic conditions and the heat provides an ideal
growing climate for the date palms. However the low humidity and dry climate in turn poses
a major problem, with stage skipping of the fruits in the ripening process before harvest time.
This affects the quality of the fruit. The dates are normally harvested between mid-February
to March. The harvested fruit are then brought into a pack house and cooled immediately after
picking.

With a moisture content range of 19-24%, the ‘Mejhoul’ date fruits are sorted into
various categories such as Premium (loose skin 0-10%), Choice (loose skin 10-15%),
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Supreme, Large and Jumbo to give some examples. The fruit are packed for national fresh
produce markets and supermarkets locally as well as for export. Dates are available in 200-g
punnets, 400-g pouches and punnets, 1-kg and 5-kg boxes. The ‘Mejhoul’ fruits for export are
frozen and shipped at -18°C. When frozen, the shelf life of dates can be up to one year.

MARKETING AND EXPORT

Some of the date-producing organisations use exporters to market their fruit while
other organisations do their own marketing, for example through Southern Cross Marketing
where the target markets are predominately the UK and EU countries such as The
Netherlands, Spain, Germany and Portugal. A small percentage of fruit also reaches countries
such as the UAE, Singapore and Cambodia. Around 20% of the fruit of lower quality is sold on
the South African market before or during Ramadan.

In summary, the cultivation of date palms in South Africa is expanding and growing.
Having fresh dates ‘out of season’ to the northern hemisphere date-growing areas has great
advantages for South African date palm growers. Although other cultivars such as ‘Zamli’ are
also grown, ‘Mejhoul’ still remains the cultivar of choice for the growers.
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‘Mejhoul’ cultivation in Australia

D. Reilly2 and A. Reilly
Gurra Downs Date Company Pty. Ltd., PO Box 1029, Loxton 5333 South Australia, Australia.

Abstract

Australia is a large continent with highly variable climatic zones, from tropical
and desert country to snow alps. Dates are a relatively new introduction to Australia so
production is small. Historically, industry development has been limited by lack of
suitable elite date palm genetics, leadership and a skilled workforce. In the last 20
years Gurra Downs has introduced many cultivars into Australia. ‘Mejhoul’ has been an
outstanding performer and is now present in many locations around the continent.
After several years of proven fruit production and with an exponential growth of
offshoots being traded by farmers, significant increases in production volumes are
expected in coming years.

Keywords: Australia, date palm, Gurra Downs, ‘Mejhoul’

INTRODUCTION

The first documented importation of the ‘Mejhoul’ date cultivar into Australia was in
1976, with offshoots introduced from the USA. A very small number of ‘Mejhoul’ palms were
planted at Pukatja (Ernabella), an aboriginal reserve in the far north of South Australia, along
with ‘Deglet Noor’ and many seedlings. In 1991, a Northern Territory government-led date
palm initiative was undertaken in Central Australia at a research farm known as the Arid Zone
Research Institute, located at Alice Springs (Figure 1). The date palm was selected as a crop
that should be suited to this hot environment. Tissue culture plants were imported from
England and France, along with ‘Mejhoul’ offshoots from California (McEllister, 1991).

NORTHERN ;
TERRITORY
ALICE SPRINGS QUEENSLAND i
WESTERN
AUSTRRALLA
SOUTH
AUSTRALIA « g
'
NEW SOUTH = 5
WALES
v . X “:. . = 7
» " o+ MWSTRALIAN
GURRA DOWNS ¥ i VIGTOMA 4 Camta
DATE FARM : n TERRITORY
FASMANIA
[
4000 Kiometers

Figure 1. The locations where the ‘Mejhoul’ cultivar is currently grown in Australia.
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In 1991, Jim and Trudi Luedi established the Tamara Date Garden, located to the south
east of Alice Springs on the edge of the Simpson Desert. They ran their Desert Fruit Company
until retiring in 2006. Another nearby farm, Arid Gold, was also producing ‘Medjoul’ for many
years.

CLIMATE AND CULTIVATION CHALLENGES

It was thought the central Australian date industry would expand and be the main
location for date production. However, there are challenges from high humidity and summer
rainfall influenced by the monsoon season 1500 km to the tropical north. High input costs of
labour and freight also limit growth in this remote location. Today, the Desert Fruit Company
is cooperatively owned and produces very good quality dates in drier years, with their
‘Mejhoul’ considered as being as good as anywhere in the world.

In 1996, Dave and Anita Reilly decided to plant date palms on their farm in the Riverland
of South Australia. However, at that time there was no available nursery stock in Australia.
They established the Gurra Downs Date Company and in 2001, commenced importing tissue
culture plants from Date Palm Developments in the UK. A date palm nursery was subsequently
established, as well as an evaluation site to assess cultivar performance.

The Riverland is a semi-arid environment. Date palms had never been grown
commercially in this region. There was no guarantee that any cultivar grown in this location
was going to replicate yield and quality performance achieved in other date-growing
countries. For Gurra Downs, the strategy was to introduce and evaluate as many world-leading
cultivars as possible, with the aim of selecting the most suited cultivars for Riverland
conditions (Reilly and Reilly, 2014). Twenty years on, it is most fortunate that the ‘Mejhoul’
has proven to be one of two leading selections.

The Riverland climate is characterised by cool springs, hot dry summers, mild autumns
and cold winters. One of the biggest challenges in selection is finding a cultivar that will
successfully set fruit in low spring temperatures. The ‘Mejhoul’ has consistently proven it has
the capacity to set fruit at a lower temperature point than most other cultivars.

Summer/autumn rainfall is the enemy of the date grower. Some cultivars suffer fruit
spoilage easily during high humidity events. Rain-induced fruit damage has disqualified many
cultivars from commercialisation. However, ‘Mejhoul’ has proven to be reasonably tolerant of
this occasional rainfall and high humidity. The percentage of fruit spoilage from rain events
has been observed to be directly linked to temperature. The hot arid interior of Australia
ripens the ‘Mejhoul’ dates during the summer months of February to March when
temperatures are highest. Fruit spoilage is more prevalent in these conditions than in
southern Australia, where the fruit ripens later in the autumn season of April to June, when
temperatures are lower.

CULTIVATION PRACTICES

Gurra Downs has learned when growing ‘Mejhoul’, to thin bunches to no more than ten
per tree. Although the tree can produce 250 kg of fruit in a season, this has the tendency to
convert the tree to a bi-annual bearing habit, and makes it unlikely to flower the following
year. By limiting the yield to 80-90 kg palm-, to ensure repeat flowering the following year, a
large fruit size is still being achieved that is welcomed in the marketplace.

Since 2004, Gurra Downs has distributed date palms across the Australian continent to
more than 400 farmers. Date palms are now being grown in districts where they have never
been grown before. Many cultivars have been trialled, with some successful, and others not.
One common thread among all farmers who are having success in growing dates is that it is
consistently the ‘Mejhoul’ cultivar proving to be widely suited.

THE FUTURE OF THE ‘MEJHOUL’ IN AUSTRALIA

Expansion of the Australian date industry is gaining momentum. Many areas selected to
grow dates are in existing large horticultural districts like the Riverland. These districts are
supported by good infrastructure with transportation, water security, availability of electricity
for irrigation pumps, access to a workforce, and proximity to airports and shipping ports
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(Reilly and Reilly, 2014).

A characteristic of the ‘Mejhoul’ is that it comes into production in a shorter number of
years than most other cultivars. It also produces many offshoots, which is important for an
expanding industry. The tree delivers heavy crops of large-size fruit, making it well known by
the Australian public in the domestic marketplace. ‘Mejhoul’ dates are displayed prominently
in supermarket fresh fruit aisles, usually imported from the USA, Mexico and more recently,
Jordan and Israel (Reilly et al., 2010).

In a global comparison, the Australian ‘Mejhoul’ industry is very small but expanding.
After 20 years of evaluating many cultivars, the ‘Mejhoul’ genetics are providing Australian
farmers with the confidence to increase production. The next stage of industry development
is to invest capital in postharvest facilities; to mechanise fruit handling and packing, as well
as processing equipment to manufacture products like date paste and syrup.

Gurra Downs is very proud to be Australia’s largest producer of the ‘Mejhoul’ date
cultivar. This magnificent tree has provided a great source of interest and excitement, not only
for the family business but also for many other Australian farmers.
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‘Mejhoul’ cultivation in Mexico and other South-
American countries

R. Salomoén-Torres?

Unidad Académica San Luis Rio Colorado, Universidad Estatal de Sonora, Km.6.5 carretera a Sonoyta, SLRC, Sonora,
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Abstract

In Mexico, the crop of ‘Mejhoul’ date palm found the best climatic conditions for
its development in the San Luis Rio Colorado, Sonora and Mexicali, Baja California
valleys. By 2020, both areas achieved 14,898 t of ‘Mejhoul’ dates. The ‘Mejhoul’ cultivar
represents 94% of the national date production, making Mexico the second-largest
producer in the American continent, and the fourth largest producer in the world. In
South America, its cultivation is very little developed. However, it has good
development prospects in the medium term.

Keywords: ‘Mejhoul’, training, harvester, family gardens

INTRODUCTION

The modern date industry was established in Mexico in 1968, in the San Luis Rio
Colorado Valley (32°18'19”N, 114°56’43"W), with the first ‘Mejhoul’ date plantation using
offshoots imported from Yuma, Arizona (Johnson et al., 2015). Over time, this crop spread to
the Mexicali valley (32°22'27”N, 115°07°13"W), with offshoots imported from southern
California. Finally, it expanded to the arid regions of north western Mexico. Date palm
cultivation in Mexico is 97% concentrated in these two valleys, with the production of the
‘Mejhoul’ cultivar standing out with 94% of the national production (Ortiz-Uribe et al,, 2019).
Likewise, the Mexican companies that produce dates are well organized. Each year, they
improve their cultivation techniques, gain more experience to obtain better yields, and
continue the expansion of the planted areas.

‘MEJHOUL’ CULTIVATION

The Mexican date industry is very small compared to the larger producing countries of
this fruit, largely due to the fact that it is not a high priority crop. Production has increased by
almost 50% during the last two years. In 2020, 15,849 t of dates were harvested in 2,504 ha,
of which 14,898 t are attributed to the ‘Mejhoul’ cultivar (SIAP, 2021). With this, Mexico
becomes the fourth-largest ‘Mejhoul’ date producer in the world after Israel, the US and
Palestine (Krueger, 2015). However, almost a thousand ha have not yet entered into
production, which would represent around 7,000 additional t of ‘Mejhoul’ dates in the short
term, with which Mexico could become the second largest producer (Table 1). The average
yields of ‘Mejhoul’ date palm are between 6.78 and 7.90 t ha-1, however, some harvesters that
carry out the best crop practices have achieved up to 12 t ha'..

The establishment of 1 ha of ‘Mejhoul’ date palm is estimated at $ 28,000 for the first
year. For its second year, $ 9,500 and from the third year, it remains at approximately $ 4,500.
This means that between seven and eight years, the crop becomes highly profitable (SCSA,
2021).

The cost of labor in handling the palms and packing the ‘Mejhoul’ date is very low in
relation to the costs in the US, which gives Mexico a greater competitiveness and higher
profits. This advantage has been seized by some US companies, which send several thousand
tons of ‘Mejhoul’ dates for packaging to Mexico, which are then returned to the US for
commercialisation.

2E-mail: ricardo.salomon@ues.mx
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Table 1. Date production in Mexico in 2020.

Surface planted Surface harvested Production  Yield Production value

Sl (ha) (ha) ® t (§ millions)
Baja Califoria _ 1,740.00 755.00 597293 7.90 38.20
Baja Califoria Sur 37313 369.13 60201 163 117
Coahuila 16.81 16.81 2575 153 0.06
Sonora 1,363.94 1,363.94 024835 678 2127
Total 3,493.88 2.504.88 15,840.04 7341158 60.10

The ‘Mejhoul’ date is exported mainly to the US and Australia, and to a lesser extent to
countries such as The Netherlands, Spain, UK, Canada, Italy and Argentina, among others. In
2019, 5,550 t were exported with a value of $ 19.5 million.

DATE PALM CULTIVATION AND PRACTICES

In Mexico, there are no significant problems with pests or diseases with date palm. The
agricultural-sanitary authorities of Mexico offer free training for the good management of
safety and management of pests and diseases.

The small and medium-sized date harvesters have been integrated into associations
called the Date Product System to improve the competitiveness of the crop with better cultural
and commercial practices, as well as negotiating with the government programmes aimed at
supporting date production. Likewise, constant training is offered to harvesters with the
intervention of researchers, field technicians and government analysts, to stimulate the
improvement of the quality of the ‘Mejhoul’ date. Finally, internal consumption has recently
been stimulated through fairs, tourist routes and exclusive agricultural exhibitions for dates,
where fresh fruit, gourmet dishes, beverages and a great diversity of by-products derived from
‘Mejhoul’ dates are offered (Ortiz-Uribe et al., 2019).

Water scarcity has not yet been a climate change problem in this date-producing region
of Mexico. However, some preventive measures have been taken to conserve water, such as
cementing irrigation canals and some parts of the Colorado River (which comes from the US
and feeds both valleys), in order to avoid water seepage. According to data from the Ministry
of Agriculture, a higher yield has been reported in plantations where drip irrigation systems
are used compared to those that use flood irrigation systems (SADER, 2021). With this, the
government hopes to encourage the use of drip irrigation systems to save irrigation water.

Given the climatic conditions of this region of Mexico, the transplantation of offshoots
commonly has a mortality rate between 20 and 30% (SCSA, 2021). To avoid this risk, very few
harvesters have opted for the acquisition of in vitro seedlings. However, there is much distrust
on the part of the harvesters, since the yields of the palms produced by this method are not
known and those that are planted in Mexico are still very young.

Within bunch thinning activities, 50 to 70 strands per bunch, 10 to 14 dates per strand,
and 16 to 20 bunches (Figure 1A) per adult palm are commonly left behind (Salomon-Torres
et al,, 2017). Most of the plantations are irrigated, the common method of pollination is by
means of dry pollen mixed with flour (Salomén-Torres et al,, 2018) and very few companies
have production of organic Mejhoul date (Figure 1B, C).

Research efforts are focusing on improving fruit quality through the use of growth bio-
stimulators, efficient pollen management, reduction of mortality in the transplantation of
offshoots, and the method of pollination in liquid suspension, it is in its first stage of
experimentation. Likewise, the quality of the ‘Mejhoul’ date produced in Mexico has recently
been evaluated, concluding that it has the same or better nutrients and antioxidant properties
than that produced in other parts of the world (Salomén-Torres et al., 2019).
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Figure 1. Some aspects of the agricultural management of organic date ‘Mejhoul’ in Mexico.
a) Preparation of the inflorescence for pollination; b) Harvest of the date ‘Mejhoul’;
c) Organic plantation of ‘Mejhoul’ date in the Valley of Mexicali, Mexico, with the
bunch in bags.

OTHER SOUTH-AMERICAN COUNTRIES

Date palm cultivation can be found in limited specific areas in Colombia, Venezuela,
Argentina, Brazil, Peru and Chile. These last two countries have regions with agro climatic
conditions that have allowed the successful cultivation of the ‘Mejhoul’ date, which is currently
produced in family gardens, not in commercial quantities (Escobar and Valdivia, 2015).

In Chile, date palms are mostly found in the extreme north of the country and do not
constitute an important industry. The interest in this crop began in 1965-1970, when the
Chilean government introduced offshoots from the US to the Tarapaca Region (Escobar and
Valdivia, 2015). Likewise, in 2020, 1,100 in vitro ‘Mejhoul’ palms from California were
introduced to Chile, with which it is intended to develop a new agribusiness associated with
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the production of ‘Mejhoul’ dates (Generacion M, 2020).

In 2018, the visit of harvesters and technicians from Honduras and Panama was
received in Mexico, in order for them to know the agronomic characteristics of the ‘Mejhoul’
date crop, to implement it as a production alternative in their respective arid regions.
Harvesters in Argentina are currently analyzing alternatives to import ‘Mejhoul’ offshoots
from Mexico to that country.

CONCLUSIONS

Being a recently introduced crop, and one of less importance, there is still much to do to
increase the production of ‘Mejhoul’ dates in Mexico. It is necessary to develop further
research to improve yields, quality and decrease mortality after transplantation. Farmers
should focus more on quality production than quantity. A more active participation of the
government of Mexico is required, in terms of economic support for its cultivation, as well as
a wide advertising campaign to stimulate the internal consumption of ‘Mejhoul’ date.
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Date palm cultivation in the Republic of India
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Abstract

With average imports of more than 310,000 metric t each year, India is the world’s
largest dates importer and constitutes nearly 30% of total global imports. Iraq, UAE,
Islamic Republic of Iran and Pakistan are the major date suppliers to India. With a
population of 1.4 billion, India has tremendous market potential for dates, which is
evident from the increasing imports trend. For its contribution towards establishing a
modern and scientific date industry in India, Atul has been awarded the Khalifa
International Date Palm Award 2009, Siemens Ecovatives Award 2010, Peacock Eco
Innovative Award 2014, Make in India Award 2015 and Rashtra Vibhushan Award 2018.
Atul has contributed in providing high quality tissue culture date palm planting
material over more than 8,000 acres in India. With the support of the Indian
government, and continued good performance of high-quality tissue culture date
palms, Indian farmers of hot and arid climatic zones, especially in Jaisalmer, Barmer
and other districts of western Rajasthan are being encouraged to cultivate the ‘Mejhoul’
cultivar.

Keywords: ‘Mejhoul’, date palm, India, Phoenix dactylifera

INTRODUCTION

With average imports of more than 310,000 metric t each year, India is the world’s
largest dates importer and constitutes nearly 30% of total global imports (Figure 1). Iraq, UAE,
Islamic Republic of Iran and Pakistan are the major date suppliers to India. With a population
of 1.4 billion, India has tremendous market potential for dates, which is evident from the
increasing imports trend.

B T O

Figure 1. Map of the world showing limits of date cultivation and selected places where dates
are grown.
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Several cultivars of dates make a significant contribution towards the volume of dates
in the Indian market, including: ‘Mazafatti, ‘Safawi’, ‘Deglet noor’, ‘Fard’, ‘Khunezi’ and dried
dates of other cultivars. These dates are being imported at a price of $ 0.4 to 1.5 kg
(FAOSTAT).

However, due to increased awareness and structured marketing efforts by several
importing companies, ‘Mejhoul’ - known as the emperor of dates - has been established as
one of the premium date cultivars in India. Jordan and Israel are the top two ‘Mejhoul’
exporting countries to India. Dates from Israel and Jordan are being imported to India at a
markedly higher cost than other cultivars, of between $ 5 and 7 kgt (FAOSTAT).

Before partition in 1947, India was one of the top date-growing countries, with dates
grown primarily from the great desert of Thar. However, partition left the entire date growing
region in today’s Pakistan (Figure 2, highlighted with arrow). After partition, India lost this
bio-diversity and date planting materials. This meant India’s date industry could not grow
until 2007-2008, due to unavailability of high quality planting material.

1961 1970 1980 1990 2000 2010 2016 2016 2017 2018 2019
Country
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Thousand MT

s ndia France Morocco United Arab Emirates  «===+++:- Linear (India)

Figure 2. Date growing regions. Source: FAOSTAT.

‘GREENING THE DESERTS’

Atul Ltd., along with the Indian government, introduced the ‘Greening the deserts’
initiative, which introduced tissue culture-raised date palms to India. Atul demonstrated
successful cultivation of various cultivars of date palms in arid and semi-arid agro-climatic
zones of India by establishing the nation’s largest tissue culture-raised date palm
demonstration farms in Jaisalmer and Bikaner districts, Rajasthan, spread over more than 250
and 125 acres, respectively.

‘Mejhoul’, was one of the ripened cultivars (rhutab and tamar stage), which performed
well in the demonstration trials in the Thar desert of western Rajasthan, while fresh fruit
cultivars like ‘Barhee’, ‘Khunezi’ also showed excellent results as fresh fruit cultivars (khalal
stage) in other regions, including the Rann of Kutch of North Gujarat.

To ensure a continuous supply of high quality true-to-type tissue culture-raised planting
material of date palms, Atul also set up Atul Rajasthan Date Palms, a state-of-the-art tissue
culture production unit, as a joint venture with the Government of Rajasthan under a public-
private partnership model with overseas technology transfer from Date Palm Research and
Development Center, UAE University, Al-Ain, UAE. To expand globally, Atul acquired a majority
stake in Date Palm Developments UK (DPD), one of the world’s oldest and largest date palm
tissue culture commercial units. Further, it has set up a third production unit of tissue culture
date palms at Panoli, Ankleshwar, Gujarat, India.

For its contribution towards establishing a modern and scientific date industry in India,
Atul has been awarded the Khalifa International Date Palm Award 2009, Siemens Ecovatives
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Award 2010, Peacock Eco Innovative Award 2014, Make in India Award 2015 and Rashtra
Vibhushan Award 2018. Atul has contributed in providing high quality tissue culture date
palm planting material over more than 8,000 acres in India.

The ‘Mejhoul’ cultivar has shown good commercial feasibility in arid regions of India,
where rain is scarce. Indian farmers have adopted improvised postharvest technologies to
deliver high quality standards of ‘Mejhoul’. According to the Indian climate, the ‘Mejhoul’ tree
starts flowering during February and March. Upon pollination, the fruit develops and enters
into the khalal stage between May and June. Further, it enters the rhutab stage between July
and August, and is finally harvested in rhutab/partial tamar stage (Figure 3, left). Conversion
of rhutab to tamar is done after harvesting by simply drying under the sun or using solar
dryers (Figure 3, middle). The appearance of the Indian ‘Mejhoul’ is light brown to dark
brown, depending on which stage it is harvested (Figure 3, right).

Fanveited mEaty Raab(a)  Harvestad n Late Rutaoy 0041 ary Tamar

Figure 3. Fruit bunch management (left); drying of the harvested ‘Mejhoul’ (middle);
appearance of the Indian ‘Mejhoul’ (right).

The size and weight of Indian ‘Mejhoul’ dates varies from 3 to 5 cm and 8 to 20 g,
respectively. There is scope of achieving a larger ‘Mejhoul’, if the thinning of bunches is
implemented timely, during berry development in the kimri stage. Indian farmers are
adapting fruit bunch management and fruit sorting and grading techniques to improve on
quality. After drying, dates are then sorted, washed, graded, packed according to size and
quality and packed in retail packs (Figure 4). The Indian-grown ‘Mejhoul’ fetches prices in
home markets of INR 300 (approximately $ 4) to INR 1500 (approximately $ 20) kg-1.

Small Medium Large

Figure 4. Grading and packing of ‘Mejhoul.

With the support of the Indian government, and continued good performance of high
quality tissue culture date palms, Indian farmers of hot and arid climatic zones, especially in
Jaisalmer, Barmer and other districts of western Rajasthan are being encouraged to cultivate
the ‘Mejhoul’ cultivar. Hence the area under cultivation of ‘Mejhoul’ is gradually increasing in
India.
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Abstract

The data about date production provided by the specialized regional and
international organization does not distinguish between date cultivars. Therefore, the
information provided in this paper was gathered with the most appreciated
cooperation of members of local agencies in the main ‘Mejhoul’ producing countries.
Based on the collected data, ‘Mejhoul’ dates production in 2020 was estimated to
105,489 t which represented 1.16% of the global date production. Six countries led by
Israel and the USA produced 99.95% of the total ‘Mejhoul’ production and exported to
the international market 63.27% of their total production. This situation is expected to
change tremendously within the forthcoming years due to the important extension of
‘Mejhoul’ cultivation in some date producing countries mainly Morocco and Egypt. This
paper describes the geographical distribution of the main destinations of the ‘Mejhoul’
dates exported by the different producing countries as well as the marketing standards
used by these late. It also discuss the challenges faced by the ‘Mejhoul’ sectors with
regards to its increasing production.

Keywords: dates marketing, ‘Mejhoul’, Phoenix dactylifera, date palm

INTRODUCTION

Dates are produced in 40 countries around the world, with an annual production of
9,075,466 t. Of this total, 1,836,827 t (20.24%) are distributed to the international market,
generating a total income of USD2 billion (FAOSTAT, 2020). The remaining dates quantities
are used for local consumption and waste, which represents up to 40% of the date production
in some date-producing countries(AOAD, 2018).

The available data provided by international organisations about dates production and
international marketing does not specify the share of specific date cultivars. Therefore, it is
impossible to distinguish the relative weighting of different date cultivars, unless the
information is communicated by the concerned agencies in the targeted date-producing
country.

The information about ‘Mejhoul’ production and marketing reported in this chapter has
been gathered with the most appreciated cooperation of members of specialized agencies and
research centers in the main ‘Mejhoul’ date-producing countries such as Morocco, Israel, the
US, Jordan, Mexico, Palestine, South Africa, Namibia, Egypt, Peru, and Australia.

THE PRODUCTION AND INTERNATIONAL MARKETING OF ‘MEJHOUL’

The estimated ‘Mejhoul’ production of the top ten date-producing counties (at the global
level) for the year 2020 is summarized in Table 1. It estimates total ‘Mejhoul’ date production
at 105,498 t which represents 1,16% of the total world dates’ production. Israel is the leader
of this cultivar’s production at the international level with 42.65% of the world production
followed by USA and Mexico with respectively 15.17 and 14.12%.
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Table 1. Estimated ‘Mejhoul’ date production 2020 (Glasner (Israel), Salomon (Mexico), M.
Al-Banna (Palestine), 2021, pers. commun.).

Country Quantity (t)  Share (%)
|srael 45,000 42.65
us 16,000 15.17
Mexico 14,898 14.12
Jordan 10,000 9.48
Palestine 9,000 8.53
Morocco 3,500 3.32
South Africa and Namibia 3,000 2.84
Egypt 3,000 2.84
Peru 500 0.47
Australia 100 0.09
Others 500 0.47
Total 105,498 100

STANDARDS AND MARKETING

‘Mejhoul’ dates are the most appreciated of date cultivars, and the most expensive at the
international level. It is also one of the rare cultivars with specific marketing standards,
including three grades: medium (15-18 g date 1), large (19-22 g date'!) and jumbo (23-27 g
date1). Some exporters also include a fourth super jumbo category (+27 g date1).

The price of ‘Mejhoul’ dates varies at the international level between $ 7 and 10 kg-! for
the medium to jumbo grades, while retail prices vary from one country to the other, with
packaging quality having a significant impact. Figures 1 to 4 represent a sample of ‘Mejhoul’
selling prices in different markets around the world. In various European countries, the cost
the consumer pays for 1 kg of ‘Mejhoul’ is around € 20.

Figure 2. ‘Mejhoul’ dates in Morocco (left) and in Marseille, France (right).
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Figure 3. Price of ‘Mejhoul’ compared to ‘Barhi’ and ‘Deglet Nour’ in a market in Alicante,
Spain.

Figure 4. ‘Mejhoul’ dates in Al-Madinah Al-Munawara, Saudi Arabia, main ‘Mejhoul’
exporting countries.

‘MEJHOUL’ INTERNATIONAL MARKETING

As indicated in the introduction, the data exposed in this article were gathered thanks
to the collaboration of members of specialized agencies and research institutions in the main
‘Mejhoul’ dates producing countries.

Main ‘Mejhoul’ exporting countries

Table 2 presents the volume of dates exported by the main ‘Mejhoul’ date-producing
countries. These countries represent 90% of the volume of ‘Mejhoul’ produced in 2020 at
global level and together export an average of 63.27% of their total ‘Mejhoul’ date production.

Table 2. Volume of ‘Mejhoul’ dates exported reported to the produced volume in 2020. Export
sources: B. Glasner (Israel), USDA (US), R. Salomon (Mexico), A. Haddad (Jordan) and
M. Al-Banna (Palestine) (pers. commun.).

Mejhoul production Mejhoul export  Mejhoul as % of total

L (t) (t) date export/production
Israel 45,000 29,000 64.44
us 16,000 13,262 82.88
Mexico 14,898 8,165 54.81
Jordan 10,000 7,511 75.11
Palestine 9,000 4,000 44.44
Total/average 94,898 61,938 63.27
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The international ‘Mejhoul’ date market is led by Israel and the US, which together
represent a 67% share of the total volume exported by the main ‘Mejhoul’ date-producing
countries. Palestine is the country exporting the lowest share of its ‘Mejhoul’ production
(44.44%). This is mainly related to the problems facing the sector, including insufficient
infrastructure and other challenges of the respective date sector value chain.

The main ‘Mejhoul’ date-producing countries are low date producers overall. A total
production of 142,581 t in 2019 represents 1.57% of the world’s date production (FAOSTAT,
2020). Figure 5 shows ‘Mejhoul’ dates represent the largest share of exported dates from
these countries, particularly the US and Jordan, with a 90 and 80% share of ‘Mejhoul’ dates,
respectively. In terms of volumes, Israel is exporting 46.82% of the total volume exported by
the five main exporting countries followed by the US (21.41%), Mexico (13.18), Jordan
(12.13%) and Palestine (6.46%).

@ Total dates export  ETotal Mejhoul export

Israel i Jordan Palestine

Figure 5. Share of ‘Mejhoul’ dates among the total dates exported by the main Mejhoul-
producing countries.

Unfortunately, no official information is available with regards to the incomes generated
by Mejhoul dates handled via the international market.

‘MEJHOUL’ DATE DESTINATIONS

Figure 6 presents the destination of the dates exported by the main ‘Mejhoul’ date-
producing countries. The dates produced by these countries are directed to different
destinations around the world, although the UK is a common partner to the five countries,
there is a specific geographical distribution depending on the origin of the ‘Mejhoul’ dates.
This distribution can be summarized as follows:

- The US and Mexico mainly trade with Australia, USA and Mexico.

- Jordan mainly deals with Arab countries.

- Israel focuses on European countries such as the Netherlands, France, the UK and

Germany;
- Palestine’s main trading partners are the UAE, Turkey and the UK.

CONCLUSIONS

Currently, ‘Mejhoul’ date production is mainly limited to five countries, led by Israel and
the US. The total production of Mejhoul dates represents only 1.16% of the world’s total date
production, but the ‘Mejhoul’ is the most sought after and expensive date on the international
market. Unfortunately, there is no data related to the economics of the marketing of this
important cultivar provided by any international organization. Therefore, it is not possible to
measure its financial share of the income of the US$ 2 billion generated by the international
date market.
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Main destinations of Jordan dates during 2019 (%)
Main destinations of the USA dates during 2019 (%)
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Figure 6. The destination of the dates exported by the main ‘Mejhoul’ date-producing
countries.

Information and statistics provided in this chapter are expected to change completely
within the next five years, due to the important increase in the areas planted with ‘Mejhoul’ in
several countries in the MENA region. Indeed, as part of its ‘Green Morocco 2008-2020’
program, the Kingdom of Morocco has planted more than three million date palms, including
at least 70% of the ‘Mejhoul’ cultivar. The extension of the ‘Mejhoul’ plantations in Morocco
will continue with a new program:‘Generation Green 2020-2030’, which has a specific focus
on increasing the number of date-packing facilities. Egypt has also started a very ambitious
program of planting several million date palms, with ‘Mejhoul’ as the main cultivar. The
entrance in production of all these newly planted date palms should make Morocco and Egypt
the main ‘Mejhoul’ world producers, and will put more pressure on Israel and the US as the
current international market leaders.

Literature cited
AOAD. (2018). Report on the Date Value Chain in the Arab Region.
FAOSTAT. (2020). FAO.org.
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Abstract

The red palm weevil (RPW) is a major trans boundary pest affecting date palms
worldwide. The weevil is causing devastating damage to more than 40 palm species
worldwide including date palm, affecting production, the environment and the
livelihoods of millions of farmers. The annual losses in date palms in the Mediterranean
countries is estimated at 480 million Euros. RPW is a pest of big concern for many
countries and is considered as quarantine pest. Despite the efforts done by countries
to prevent its introduction or its spread, the lack of specific regulations/guidelines on
phytosanitary measures to regulate the palm trade, especially at the entry points has
been pointed out by the FAO RPW Eradication Strategy clearly as gaps and challenges
in most of national policies and regulatory systems explaining the failure to control
RPW. Long-distance dissemination of many pests/pathogens occurs mostly via
infected/infested propagative material. The effective control of RPW requires more
coordination with the NENA region. NEPPO will develop in this context 1) a regional
standard of a harmonized phytosanitary measures (at borders and inspection on the
territory; 2) a regional standard protocol for available and cost-effective treatments of
offshoots and ornamentals (at border); and 3) a pest free area protocol to help the
extension of date palm area and to provide other areas with safe date palm offshoots.

Keywords: RPW, phytosanitary measures, regional standard, PFA

INTRODUCTION

Date palm is one of the most important crops and main staple in North Africa and Near
East countries. It covers 1,178,514 ha (Figure 1). The main harvested areas are situated in
Iraq, Algeria, Saudi Arabia, Iran, and Pakistan (FAOSTAT, 2022). For many Near East and North
African (NENA) countries, the date palm has significant socio-economic importance (Mousavi
etal,, 2009).

Hectares (Ha)

115,000,00 187,500.00 150,000.00

Figure 1. Harvested area (ha) with date palm in North Africa and Near East area (FAOSTAT,
2022).
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The red palm weevil (RPW) Rhynchophorus ferrugineus (Olivier) (Coleoptera:
Curculionidae) is a key pest affecting date palms across the world. The weevil is causing
devastating damage to more than 40 palm species worldwide including date palm, affecting
production, the environment, and the livelihoods of millions of farmers. The annual losses in
the Mediterranean countries are estimated at 480 million Euros (FAO2017b). In North Africa,
while Algeria and Sudan are still free from RPW (Figure 2), the pest occurs on Canary Island
palm (P. canariensis Chabaud) in Morocco and Tunisia and is still contained in the north of the
countries and maintained far from the oases. Mauritania managed to eradicate the pestin the
oasis of Tidjikja in Tagant Wilaya in 2017 (FAO, 2017a).

Figure 2. World distribution of red palm weevil Rhynchophorus ferrugineus (EPPO, last
updated 30/06/2020).

HOW IS THE PEST MITIGATED IN THE NENA REGION?

The biological characteristics of the pest make it complex to detect at an early stage and
render its management very difficult. A survey prepared by Near East Plant Protection
Organization (NEPPO) in October 2021 was sent to20 NENA countries: Algeria, Bahrain,
Egypt, Iraq, Iran, Jordan, Kuwait, Lebanon, Libya, Mauritania, Morocco, Oman, Palestine, Qatar,
KSA, Syria, Sudan, UAE, Tunisia, and Yemen. The survey concerned the status of the pest, the
availability of a contingency plan with the surveillance plan, the phytosanitary measures
implemented within the country and at borders, and the availability of nurseries and certified
propagative material. Thirteen countries responded to the questionnaire, providing
interesting information about this pest.

The questionnaire highlights that the pest occurs in most countries, but the status of
this pest is not reported according to the International Standard for Phytosanitary Measures
(ISPM 8) (Determination of pest status in an area) (FAO, 2021b). This could reflect a need for
training on how to better implement this ISPM.

Eleven countries considered RPW as a quarantine pest according to the IPPC glossary
(ISPM 5) (FAO, 2021c), except for Palestine and the United Arab Emirates where the pest is
not considered as such. Only two countries (Lebanon and United Arab Emirates - UAE) have
conducted a pest risk analysis (PRA) for this pest according to ISPM 11 (Pest risk analysis for
quarantine pests (FAO, 2013)).

To control any emergent pest such as RPW, a contingency plan describing the actions to
be implemented in response to any eventual outbreak or detection of a pest would be
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considered very useful and would help the National Plant Protection Organization (NPPO) to
be well prepared and to react promptly and efficiently to stop the spread of the pest. Only 46%
of the countries (Irag, Morocco, Oman, Palestine, Syria, and Tunisia) drafted a contingency
plan. However, 10 countries (77) developed a surveillance plan (Iraq, Jordan, Lebanon,
Morocco, Oman, Palestine, Syria, UAE, and Tunisia) in the implementation of which
stakeholders are involved (55%). Most countries organized a training session for their NPPOs
staff on red palm weevil on detection, monitoring, and eradication.

Import of date and ornamental palms

The questionnaire indicates that most countries did not import date and ornamental
palms during the last three years. Only three countries (Egypt, Lebanon, and UAE) import such
commodities. Eight countries (Oman, Tunisia, Egypt, Jordan, Yemen, Lebanon, Iraq, and
Morocco) implement specific phytosanitary requirements for this type of palms: all
consignments should be originating from “certified” nurseries in free areas from RPW, in
addition, to be accompanied by an import permit and a phytosanitary certificate. In some
countries, importation of host plants of RPW and date palm propagative material is banned
except for tissue culture with less than 5 cm in diameter (UAE).

Phytosanitary measures within infested areas

In infested countries, the NPPOs reported that they implement phytosanitary measures
to contain RPW. An infected area is considered a quarantine area and no plants should move
from this infested area. Inside an infected area, all palms are subject to chemical treatment
and mass pheromone trapping to survey RPW. Infested palms are destroyed in all countries.
However, Illegal /unregulated movement of infested palms was reported within the countries
and between countries, mainly in the context of instability in the region (in Iraq, Libya, Syria,
and Yemen) where NPPOs are not able to follow up on the movement of palms.

Origin of date plants

Having healthy plant propagation material is one of the main measures supporting the
quarantine strategy. It is pivotal to prevent the detrimental effects of RPW or any other pests.
According to the survey, offshoots originate from private or owned farms, local nurseries, and
tissue culture facilities in some countries. Nine countries have date palm nurseries. Only Libya,
Jordan, and Yemen do not have any. However, except for Morocco, there are no certified
nurseries ensuring that a certified propagative material truly meets the plant health
requirements.

Regional phytosanitary systems

Despite the efforts done by countries to prevent the introduction of RPW or its spread,
the lack of specific regulations/guidelines on phytosanitary measures to regulate the palm
trade, especially at the entry points has been clearly pointed out by the FAO RPW Eradication
Strategy as gaps and challenges in most of the national policies and regulatory systems,
explaining the failure to control RPW (FAO, 2017b). The FAO RPW Eradication Strategy also
noted the poor implementation of phytosanitary (quarantine) measures for transferring
planting materials for new farms or gap-filling in the existing farm, between regions within
the country and inadequate protocols and certifications for export / import of ornamental and
exotic palms.

A pest free area (PFA) ensuring the absence of RPW, according to ISPM 4 (requirements
for the establishment of pest free areas) (FAO, 2021a) should be identified in the exporting
country and in the country. This PFA should be submitted to an annual survey by the
producers and an annual official inspection by the NPPO to reduce pest challenges. In the
exporting countries, an audit of the identified PFA could be undertaken by the importing
country.

Long-distance dissemination of many pests/pathogens occurs mostly via
infected/infested propagative material. The main element of the quarantine system is a free
certified propagative material. Whether offshoots or tissue culture plants, the mother plant is
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the key in the production chain of palm and should be planted in a pest free area. The selection
of the mother plant should be done under the supervision of the official authority, registered,
coded, and mapped. A traceability system should be established to facilitate the follow-up and
the control of the pathway of the propagative material.

The effective control of RPW requires more coordination within the NENA region.

NEPPO is developing in this context:

1. A regional standard for harmonized phytosanitary measures for palms (at borders
and inspection on the territory). This standard will also take into consideration other
pests of concern such as Bayoud (Fusarium oxysporum f. sp. albedinis) and date palm
phyto plasma disease (Wijam). Regarding the biological characteristics of RPW, we
should import only palm propagation material less than 5 cm in diameter from PFA,
preferably in test tubes. The importing country should have the required facilities for
acclimatization;

2.Regional standard protocol for available and cost-effective treatments of offshoots
and ornamentals of date palms (at the border);

3. Pest free area protocol, according to ISPM 4 (FAO, 2021a), to help the extension of
date palm area and to provide other areas with safe date palm offshoots. These PFA
should be atleast far from an infested area by 50 km surrounded by a buffer area. The
buffer area should be free from RPW hosts.
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Abstract

The invasive red palm weevil, Rhynchophorus ferrugineus (Olivier) (Coleoptera:
Curculionidae), is currently considered one of the most serious pest insects threatening
the sustainability of the date palm sector (Phoenix dactylifera L.). Several control
methods have been applied; however, concern is raised regarding the treatments that
can cause significant environmental pollution. In this context the use of microwaves is
particularly attractive, and our team has shown that microwave heating is a promising
and eco-compatible solution to fight the spread of weevil in the case of Phoenix
canariensis palm. The effectiveness of the method strongly relies on a suitable
modeling of the process and design of the microwave heating system, which in turn
depends on the accurate electromagnetic and thermal characterization of all the
materials involved. In our previous studies the feasibility to combat the red palm pest
in Phoenix canariensis Hort. ex Chabaud palm using microwave heating systems was
shown and an electromagnetic-thermal model was developed to better control the
temperature profile inside the palm tissues. The aim of this paper is to present our
approach and MITHRIL (MIcrowave Technology against Red palm weevil) project: a
feasibility study on the use of microwaves to contrast RPW diffusion in a wider scenario
by extending the results obtained with Phoenix canariensis palm to Phoenix dactylifera
(date palm). The study will provide information for the development of a microwave
heating strategy as an additional tool that, in an IPM approach, could contain or
hopefully eliminate RPW that poses a serious threat to date palm cultivation.

Keywords: microwave heating, Rhynchophorus ferrugineus, Phoenix dactylifera,
electromagnetic-thermal model, integrated pest management

INTRODUCTION

Date palm, Phoenix dactylifera L. (Arecaceae, or Palmae) is an important perennial and
dioecious species cultivated mostly in arid areas of the world: the major proportion of world’s
total date palm production is in the Middle East and North Africa, but date palms have also
been introduced in Australia, India, Mexico, Southern Africa, South America, Pakistan and the
USA during the last decades (Wakil et al., 2015). In particular, the Gulf region of the Middle
East accounts for about 30% of the world’s date production, with Saudi Arabia and the United
Arab Emirates being the region’s top producers (FAOSTAT, 2012). The crop has a high
socioeconomic importance not only due to its food value, but also its capacity to provide many
other products such as shelter, fiber, clothing, aesthetic beauty, and furniture (Al-Shawaf et al.,
2013).

The earliest report on the insect pests of date palm dates back to 1920, when Buxton
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documented the insect pests of date palm in Mesopotamia (nowadays Iraq). Since then, the
list has increased (Carpenter and Elmer, 1978; Blumberg, 2008), up to the recent review by
El-Shafie and Faleiro (2020), who listed 112 species of mites and insects worldwide
associated with date palms, including 22 species attacking stored dates. Among the arthropod
pests listed in this report, only ten are classified as major, and Rhynchophorus ferrugineus
(Olivier) (Coleoptera: Curculionidae), or red palm weevil (RPM) is currently considered one of
the most serious. The Food and Agriculture Organization of the UN has identified RPW as a
category-1 pest of date palm in the Middle East.

As a matter of fact, RPW appears to be a very difficult insect to manage by means of
traditional approaches (El-Sufty et al., 2007; Arab and El-Deeb, 2012). It damages more than
29 different palm species in the world, but particularly date palms, coconut palms and oil
palms in Africa, South-East Asia and the Middle East (Wakil et al, 2015), causing huge
economic losses (Glierri-Agulld et al., 2010). Its infestation was recorded in 50% of date
producing countries (Qayyum et al., 2020), causing yield losses up to 0.7-10 t ha-! (Singh and
Rethinam, 2005).

Studies have shown that date palm cultivars with high sugar content enhance the RPW
growth and development, while cultivars with high calcium content with hard tissue inhibits
its growth and development (Al-Dosary et al., 2016). The RPW undergoes complete
metamorphosis, progressing through a four-stage life cycle: egg, larva, pupa and adult. The
entire life cycle takes about 3-4 months to be completed.

Adult females live for several weeks during which they can lay as many as 300 eggs in
cracks and crevices on soft palm tissue. In coconut and date palm, ovi position usually occurs
in young palms below 20 years old. The eggs hatch in about 6 days and the neonate larvae
start feeding and move toward the interior of the palm, usually through wounds, caused by
pruning green growing fronds, feeding of other insects, and other types of physical damage.
In fact, larva is the most destructive stage of the RPW, causing serious damage to the palm tree
by tunneling the tissue of the trunk, eventually killing it. Moreover, the larvae are inaccessible,
hard to detect and difficult to treat with chemical pesticides. They are characterized by dark
prominent heads, and pass through three to seven in stars, growing into mature grubs that
migrate to the periphery of the trunk where they build cocoons, entering the pupal stage.
Finally, adults emerge from the cocoons a few weeks later.

The weevil often completes multiple generations in the same tree host before the tree
collapses and the adult weevils abandon it to seek uninfested palm trees. Because of the
concealed nature of the larval and pupal stages, infestation of the date palm stem is often hard
to detect until the palm tree is dying. Early clues are provided by the drying of the youngest
fronds due to larvae feeding, which damages the meristem, resulting in larval excrement
accumulation at the base of fronds or at a point of injury.

RPW can only be effectively fought by resorting to an integrated pest management (IPM)
strategy, defined as an ecosystem approach to crop production and protection, which
combines different management strategies and practices to grow healthy crops and to
minimize the use of pesticides (FAOSTAT, 2012). A successful IPM program requires proper
identification of the pest and knowledge of its biology, ecology, sampling and monitoring of its
population for developing appropriate actions and identifying thresholds (El Bouhssini and
Faleiro, 2018). IPM approaches combine elements of plant resistance, chemical,
semiochemical, biological and microbial control. In this context, an assessment of the pest
complex and associated biological control agents is essential.

IPM of R. ferrugineus in date palm comprises several strategies, but resorts mainly on
early detection of infested palms, pheromone trapping, preventive and/or curative chemical
treatments. The other components of the IPM strategy for R. ferrugineus are crop and field
sanitation, implementing strict quarantine protocols, identifying and eliminating hidden
breeding sites, including neglected and closed gardens, periodic validation of the control
strategy based on weevil captures in traps and infestation reports, training of farmers and
other stakeholders on the latest best IPM practices (Faleiro et al., 2019). However, there are
major concerns regarding the environmental pollution caused by chemical treatments,
especially in public areas where ornamental palms are grown. Indiscriminate use of chemical
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compounds is heavily contributing toward environmental toxicity and posing threat to the
ecosystem.

In this respect, microwave heating is proposed as an eco-friendly green protocol (Massa
et al, 2017). The basic idea of the microwave approach is very simple: increasing the
temperature of the palm tissues and/or insect until it dies, or it is strongly affected being the
ability of reproduction of the survived weevils influenced. Advantages of microwave
disinfestation include speed, efficiency and the absence of toxic, hazardous or polluting
residues. Moreover, insects are not likely to develop a resistance to radiation as they often do
to chemical insecticides. Finally, the technique was recognized to be harmless for the
environment, the workers, and the plants (Suffert et al., 2018).

Microwave heating has vast applications in the field of food processing such as cooking,
drying, pasteurization and preservation of food materials (Chandrasekaran et al.,, 2013).
Microwave disinfestation of grain and pulse is considered a safe and competitive alternative
method to fumigation as it avoids environmental pollution (Yadav et al.,, 2014).

Microwave wood treatment has been considered as an alternative treatment, more
environmentally friendly, in the implemented ISPM15 Regulation of Wood Packing Material in
International Trade of the FAO. It is the standard describing phyto-sanitary measures that
reduce the risk of introduction and spread of quarantine pests associated with the movement
in international trade of wood packaging material made from raw wood (International
Standards for Phytosanitary Measures, 2019).

The aim of this paper is to show the impact of the correct characterization of the
materials involved: an adequate awareness of this impact will allow to extend the results
obtained with Phoenix canariensis palm to Phoenix dactylifera (date palm), which is the aim of
MITHRIL (MIcrowave Technology against Red palm weevil) project. A correct estimation of
the thermal and electromagnetic parameters is necessary to set up an electromagnetic-
thermal model that will allow to identify the power, time and schedule necessary to obtain the
RPW lethal temperature at a certain depth, depending on the assumed date palm infestation
level (Massa et al., 2019).

BACKGROUND
Parameters relevant to dielectric microwave heating

1. Physical parameters.

The idea of using microwaves against RPW is based on the fact that microwave radiation
should be able to induce a lethal thermal dose in the pest, or impair their re-productivity or
longevity, without harming the plant tissues.

Microwaves are electromagnetic waves oscillating in the frequency range between 300
MHz (0.3 GHz) and 300 GHz, or equivalently, with wavelengths ranging from as long as 1 m to
as short as 1 mm. They are non-ionizing radiation and lie between radio frequency and
infrared radiation. In the air they travel with the speed of light and reflection, transmission
and absorption can occur when they interact with a medium. For instance, they can be
reflected by metals, transmitted through non polar materials (glass, most plastics, ceramics),
and absorbed by polar materials like water inducing an increase of temperature.

The microwave thermal effect (microwave dielectric heating) is largely employed for
the heating and processing of food, in synthetic chemistry, in production of industrial
materials as well as in biomedical applications. As a matter of fact, microwave heating is based
on the transformation of alternating electromagnetic field energy into thermal energy by
affecting polar molecules of a material. All the matter is made up of atoms and molecules that
are electrically neutral, in polar medium the electric charge distribution is not symmetric. In
presence of the electromagnetic field, these molecules can move, oscillate and/or rotate and
tend to align themselves with the field (polarization). In the Debye interpretation (Debye,
1929), the heat is generated by frictional forces occurring between a polar molecule, whose
rotational velocity has been increased by coupling with the microwave radiation, and
neighboring molecules. As result, while in conventional heating, depending on the medium
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thermal conductivity, the thermal increase, induced by an external source, is related to the
heat flux into the material from the surface, in the case of microwaves the heating source is
inside the material, and an increase of temperature occurs in the area where the radiation is
able to propagate (volumetric heating), but the heat flux would successively spread in the rest
of the material by means of thermal conduction. The efficiency of conversion of microwave
energy into thermal energy depends upon both the dielectric and thermal properties of the
material (thermal conductivity, specific heat capacity, and material density).

Dielectric properties are the electrical characteristics of a material. They depend on the
frequency of the applied electric field, temperature of the material and the number of polar
molecules in the volume of the material. Two parameters are commonly used for describing
the electromagnetic properties of the materials of interest: the relative permittivity, and the
equivalent electric conductivity (s). The first is related to the ability of materials to ‘store’
electromagnetic energy and it is reported as a value relative to that of free space (e0 = 8.86x10-
12F /m), the latter measures the capacity of a material to dissipate the electromagnetic energy,
due to all operating dielectric relaxation mechanisms and ionic conduction, transforming it
into heat. Both depend on frequency, moisture content and temperature. Review (Gabriel et
al,, 1996; Kuang and Nelson, 1998) provide more detail on the basic theory of these processes.

To summarize, an electromagnetic wave impinging on a material will be partially
reflected, but part of the radiation will penetrate the material and will transfer a percentage
of its energy, that will be dissipated and converted into heat according to the electrical
conductivity (s) and electric field intensity. The dissipation process subtracts power from the
electromagnetic wave, that will attenuate more rapidly with greater s, and the penetration
depth indicate the distance over which the 63.2% of the traveling wave energy (or power) is
deposited in the material. The relative rate of increase of temperature (DT /Dt [°C/s]) is strictly
related to the electric field strength, and the electric conductivity, specific heat and mass
density of the medium.

2. Physical environment and biological parameters.

Other parameters to be considered are the ambient temperature and that of the palm.
In the case of Phoenix canariensis palm the equivalent conductivity and heat capacity able to
simulate the heating and the cooling process (including the effect of several processes such as
change of conductivity due to some slow water diffusion in the palm tissue) were estimated
in Massa et al. (2017). The data of a low thermal diffusion confirm that the palm tree protects
itself from the extremes (Faci and Benziouche, 2021). Phoenix canariensis palm is used largely
as ornamental in the Mediterranean area, where a mean annual temperature of above 19°C is
expected, however a difference of 2 to 6°C between the outer atmospheric temperature and
that inside RPW infested palms (in winter and summer) can occur, as the result of the
fermentation process occurring when relatively high populations of larvae coincide within
one single palm (Dembilio, and Jacas, 2011).

In the case of date palm, this cultivar can adapt to a temperature range from zero to
50.4°C. Temperatures allowing vegetative activity of the date palm, overall, are between 10
and 40°C. They are 18°C for flowering and 25°C for maturity. The internal temperature of the
apical bud varies from 4 to 5°C during the day. It can be 11 to 14°C higher than the lowest
external temperatures and 17 to 18°C lower than the highest temperatures, with the
safeguard of internal tissues from high thermal excursions.

Concerning the insect, time for 100% kill (LT100) of larvae and adults at different
temperatures was estimated in (Massa et al, 2011). The adult insects were much more
sensitive to heat than the larger larvae. LT1o resulted 20 min at 50°C and only 4 min at 80°C,
while 30 min at 50°C were necessary for larvae weighting 5-6 g. These data are consistent
with that reported in Peng et al. (2016). They observed that, in general, the longevity of adult
RPW decreased with increasing temperature: both female and male longevity declined at
36°C, in addition this temperature suppresses mating frequency and sperm transfer, as well
as fecundity.
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3. Palm dimensions.

P canariensis is always described as having a thick trunk or stipe (50-120 cm in
diameter) of columnar aspect and of uniform thickness, and a height of 12-15 m, although
centenary palms can reach more than 30 m (Sosa et al., 2021) (Figure 1).

Figure 1. Date palm dimensions for different ages. Data from Jahromi et al. (2007).

P. dactilifera date palm tree commonly grows to a height of about 10 to 15 m and
features a slender trunk of more or less constant diameter (about 60 cm) from the base to the
crow. These results can be useful for determining the size, reach and general requirements of
a special date palm services machine (Jahromi et al., 2007).

MATERIALS AND METHODS

Electromagnetic characterization of the materials involved in the microwave heating
process

Measurements of dielectric constant and conductivity of the P. canariensis palm tissues
and of RPW were carried out with the method of the open-ended coaxial line. This is one of
the simplest and the most reliable technique employed for measuring electromagnetic
properties of liquid, solid and gel like media as well as biological systems (tissue, cells) within
wide radio frequency/microwave frequency band, at different temperatures and in a non-
invasive way. It consists in the measurement of the reflection coefficient, strictly related to the
permittivity, at the probe-sample surface when the cable is immersed into the liquid or in
direct contact with the medium. Measurements were carried out in the 500 MHz-20 GHz band
(Massa et al,, 2014). The moisture content of the palm tissues was considered being a
parameter that can depend on the season of the treatment and/or the phase of the treatment.
The moisture content is evaluated as MC = (Mwater/ Msample) X100, where Muaeer is the mass of
water in the sample and Msample is the mass of the oven-dried sample. Being the sample non-
homogenous, measurements were repeated with the probe located in different positions
either on the healthy/damaged slice of palm or on the insect (larva, adult, puparia chamber)
(Figure 2) and the average value was calculated.
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Figure 2. Experimental set up. Left: coaxial cable connected to the Vector Network Analyzer;
center: measurement of a wood slice; right: measurement of the adult insect.

Numerical simulations

In order to assess the power distribution in the palm, and consequently the temperature
distribution, numerical simulations have been performed. Both electromagnetic and thermal
simulations have been performed by means of CST Microwave Studio, which implements the
finite integration technique (FIT). The computation volume is discretized with a tetrahedral
mesh, where Maxwell equations are numerical solved. Mesh dimensions have been chosen
equal to one twentieth of the wavelength, which is appropriate for an accurate description of
electromagnetic phenomena.

The radiating system was designed as a flanged rectangular waveguide (WR340) placed
at 75 mm from the trunk of the palm, modeled as a dielectric cylinder. Two different models
have been considered (Figure 3), depending on the health conditions of the palm: healthy
palm is supposed to be a homogeneous dielectric cylinder of radius 24 cm with
electromagnetic characteristics depending on the moisture content, whereas damaged palm
has been modeled as two concentric cylinders, the inner of radius 21.5 cm representing the
healthy palm and the outer (2.5 cm thick) the damaged palm. The electromagnetic parameters
are summarized in Table 1 (left column). In any case the stimulated power was 500 W,
whereas dissipated power was calculated by means of CST features.

Table 1. Overview of analyzed cases and main results.

B A ol 2c s T e )

o the lethal at which lethal
Case dissipated .
into the palm temperature at temperature is reached
a depth of 2 cm after 300 s

Healthy palm only 162.55 284 20.8

¢ healthy_palm = 31.5-11.5j

Healthy palm only 190.61 240 23.6

¢ healthy_palm = 18.28-7.89

Damaged-healthy palm 136.13 327 18.2

¢ damaged_palm = 53.13-9.55j

¢ healthy_palm = 31.5-11.5

Damaged-healthy palm 142.37 312 19.1
¢ damaged_palm = 48.57-9.11]

¢ healthy_palm = 31.5-11.5j

Damaged-healthy palm 132.99 335 17.5
¢ damaged_palm = 53.13-9.55j

¢ healthy_palm = 18.28-7.89

Damaged-healthy palm 139.95 318 18.7
¢ damaged_palm = 48.57-9.11]

¢ healthy_palm = 18.28-7.89

76



/
r

Figure 3. Numerical model. Left: healthy palm; right: damaged palm.

Thermal simulations have been realized by means of the transient temperature solver
of CST: the output power loss of electromagnetic simulations represents the heat source of
thermal simulation. The thermal parameters of the palm tissues have been taken as in Massa
etal. (2017).

RESULTS AND DISCUSSION

Measurements on healthy and rotten Phoenix canariensis palm tissues and on the palm
weevil in different stages of its life indicate a high water content in the samples and,
consequently, a penetration depth of the order of few centimeters. In damaged tissues the
volume fraction of free water resulted higher than that of the bulk vegetation-bound water
mixture. At 2.45 GHz the penetration depth was about 2.5 cm for the healthy palm and about
1 cm in the damaged palm tissue. This result is due to the higher equivalent conductivity that
resulted lower in the healthy tissues compared to that in the damaged tissues. This factor
entails the higher penetration depth in infested portion and the possibility to protect healthy
area being the layer involved a couple of centimeters. Concerning the insect, the penetration
depth was higher in the adult (few centimeters) with respect to the pupa chamber and the
larva again due to the different water content in the three different life stage. These results
were confirmed in laboratory tests. Larvae at 2.45 GHz absorb more microwave power than
adults. Exposures for different times up to 20 min at 0.06 W cm2 impaired larvae and not
adults (data not shown), while after few seconds (5 to 30 s) at 2 W cm2 a sort of ablation
occurred for larvae and re-productivity ability, of both male and female adults, was reduced
(Massa et al., 2019).

In Figure 4 the depth at which the lethal temperature (55°C) is reached is plotted as a
function of time for the different cases of Table 1. Almost 6 min are needed to rise the
temperature of the palm within a depth of 2 cm. From Figure 4 it is apparent the lethal
temperature in the outer region is first reached in healthy palms. This is due to the higher real
permittivity of damaged tissues, resulting in a higher reflection of the electromagnetic waves
impinging on the trunk. This is consistent with the power dissipated into the palm, which is
much higher for healthy tissues (Table 1, second column). Roughly speaking, power transfer
into the palms is more efficient for healthy tissues, whereas in damaged palms more power is
reflected. However, the layers involved in the heating processes are substantially where RPW
(eggs adults puparia chambers) live with the safeguard of internal healthy tissues.

Finally, in Figure 5 a typical example of the temperature distribution inside the palm
trunk is shown.
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Figure 4. Depth of the lethal temperature as a function of time for the different cases listed
in Table 1.

Figure 5. An example of temperature distribution inside the palm. Left: top view; right:
lateral view.

CONCLUSIONS

In this paper the dependence of the heating process on the parameters of palm tissues
has been shown. As a general result, the lethal temperature can be reached after an adequate
time in all the damaged region of the trunk, nevertheless in order to develop a suitable
disinfestation protocol especially effective for date palms an accurate estimation of thermal
and electromagnetic parameters is needed. This will be achieved during MITHRIL project,
since little or no information is present in the literature about thermal and electromagnetic
properties of date palms, which have a quite different water content and fibers composition
with respect to P. canariensis palm.
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Abstract

The red palm weevil (RPW), Rhynchophorus ferrugineus Olivier, is a key pest of
date palm in the NENA Region. The current RPW-IPM strategy revolves around the core
IPM components of manually inspecting palms to detect infestation, use of food baited
pheromone traps in monitoring and mass trapping programmes, preventive and
curative chemical treatments, removal and disposal of severely infested palms,
implementing pre and post entry phytosanitary measures, etc. The ongoing FAO
Programme on RPW eradication in the NENA region provides a global platform to plan,
execute and evaluate national RPW control programmes by offering research and
technical support to on-going RPW control programmes in the region including: i)
testing of advanced cost effective and user-friendly early detection systems; ii)
encouraging farmer participation in area-wide control of the pest by carrying out
detailed socio-economic studies. The FAO RPW eradication program targets the
implementation of farmer field schools for enhancing farmers engagement in RPW-IPM
program and to lay the basis for technology transfer and adoption of improved
technologies; iii) standardize phytosanitary measures at borders and recommend
phytosanitary treatment protocols for offshoots and palms besides establishing
harmonized certification program for the production, conservation and use of certified
(true-to-type and healthy) propagative material of date palm; iv) address gaps in
promoting RPW control tactics including the development of fumigation technique for
use in curative and quarantine treatment of date palm offshoots, evaluate
semiochemical mediated technologies (dry and smart traps, attract and Kill, etc.),
standardize guidelines for RPW centric GAP, evaluate protocols for chemical control,
microwave technology and eradication of severely infested palms; v) field evaluation of
remote sensing technology to locate palms and detect RPW infestations; vi) provide
overview of the field situation in real time using GIS based Susa Hamra app on
automatic information on palm location, trap captures and evolution of palm
infestation, for monitoring and evaluation to measure the efficacy of the regional and
national control strategy; and vii) build capacities of all stakeholders for the efficient
control of RPW in the region. Based on the above, this paper gives an overview on the
RPW management strategy and the way forward.

Keywords: Rhynchophorus ferrugineus, IPM, early detection, trapping, quarantine, GIS

INTRODUCTION

The red palm weevil (RPW), Rhynchophorus ferrugineus (Coleoptera: Curculionidae) is a
key pest of palms (Arecaceae) in diverse agro-ecosystems the world over. In the Near-East and
North-Africa (NENA region) RPW is a threat to the livelihood security of date palm farmers in
rural communities (FAO-CIHEAM, 2017). The pest has its home in South and Southeast Asia
where it is a key pest of coconut, Cocos nucifera. During the mid-1980s RPW was reported on
date palm (Phoenix dactylifera L.) from the United Arab Emirates in the Gulf region of the
Middle East. Subsequently, first reports of RPW invasion came from other Gulf countries of
the Middle East. During 1993 RPW attack was reported on date palm in Egypt in North Africa
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and later during 1995 it was detected for the first time on P. canariensis from Spain in Europe.
Currently RPW is being reported from nearly 50 countries with a host range of 40 palm
species (EPPO, 2020). Since the mid-1980s RPW has spread rapidly in the Gulf region of the
Middle East, some Maghreb countries in North Africa and the Mediterranean basin countries
in Europe. Ecological niche modeling (Fiaboe et al., 2012) suggests that the pest is likely to
expand its geographical range still further.

Considering the vast host range of this pest, it is essential to ensure strict pre- and post-
shipment phytosanitary measures are in place. FAO recently has published detailed guidelines
on phytosanitary regulations to be adopted to ensure movement of RPW free planting
material within national borders and also from one country to another (Chouibani, 2020).
Import and movement of infested plant material within a country are the main pathways to
the introduction and spread of R. ferrugineus. The concealed nature of the pest and infestation
makes detection of infested palms extremely difficult. There are few estimates on the losses
incurred due to infestation by RPW. Direct losses due to RPW attack can be attributed to the
value of the destroyed palms, the loss in yield and cost of implementing the control program.

Infestation begins when gravid female weevils lay eggs into palm tissue that hatch into
damage inflicting larvae which bore and tunnel the palm. Abraham et al. (1998) reported the
following damage symptoms in date palm as: i) oozing of brownish fluid together with frass
(palm tissue excreted by feeding grubs) which has a typical fermented odour; ii) drying of
infested offshoots; iii) tunneling of palm tissue by grubs; iv) presence of adults and pupae at
the base of fronds; v) pupae on the ground around an infested palm; vi) drying of outer leaves
and fruit bunches; and vii) toppling of the trunk in case of very severe and extensive tissue
damage.

The current RPW-IPM strategy revolves around the core IPM components of manually
inspecting palms to detect infestation, use of food baited pheromone traps in monitoring and
mass trapping programmes, preventive and curative chemical treatments, removal and
disposal of severely infested palms, implementing pre and post entry phytosanitary measures.

CURRENT RPW-IPM STRATEGY

The pest is managed by employing an integrated pest management (IPM) strategy
comprising of several tactics that mainly revolve around: i) regular inspection of palms to
detect infestations; ii) capturing adult weevils using food baited pheromone traps; iii)
preventive and curative chemical treatments; and iv) removal/eradication of severely infested
palms. These RPW-IPM components are complemented by phytosanitary (quarantine)
measures to regulate the movement of planting material, capacity building and extension
activities. Additionally, removal of hidden breeding sites particularly in closed gardens,
adopting good agronomic practices related to field sanitation, palm density, irrigation
practices, frond and offshoot removal, etc., and deploying effective biological control agents
(fungi and nematodes) that can reach the pest and also that are sustained in the field have
been recommended.

Periodic validation of the strategy based on trap capture data and infestation reports is
vital for the judicious use of men and material particularly in an area wide RPW-IPM program.

The strategy supported with adequate resources, with systematic planning, good
coordination and involvement of all stakeholders can lead to the eradication of RPW. The
failure to manage RPW in most of the countries can be attributed to the lack of awareness and
systematic and coordinated control actions or management strategies that involve all
stakeholders, which is related to inadequate human and financial resources available to
combat the pest (Faleiro, 2020).

FAO PROGRAMME ON RPW ERADICATION IN THE NENA REGION

Despite some success stories in a few countries, RPW control programmes currently
being implemented have by and large not been successful in containing the spread or
controlling the pest. The failures in the control programmes can be particularly attributed to
difficulties in detecting infested palms early in the stage of attack, challenges and constraints
facing application of quarantine measures and lack of awareness and commitment of farmers
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and other stakeholders in the control programmes.

To overcome the current lacunae in the RPW control program a trust fund project was
developed by FAO for governments and partners to commit resources for the implementation
of global, regional and national initiatives supporting the implementation of the ‘FAO
Programme on Red Palm Weevil Eradication in the NENA region’. This project facilitates the
cooperation and coordination of efforts at regional, inter-regional and global levels for
supporting the integrated and sustainable management of programmes to control RPW and
reduce its devastating effects on the environment and food security, and socio-economic
impact on rural communities. The project will align activities along three major thematic
areas:

1. Research: develop ecologically sound integrated management methods such as, the
use of innovative technologies for improved detection, surveillance and management
of RPW, field-testing of quick, user friendly and cost-effective technologies, and the
establishment of good cooperation between research institutes and technology
developers;

2. Capacity development: here efforts concentrate on involving farmers and relevant
stakeholders in the management of RPW based on a thorough understanding of the
various agricultural realities and socio-economic situations in each country;

3. Transfer of knowledge and technology: the experience and expertise that currently
exists in affected countries will be called upon to facilitate the work and improve the
effectiveness of the program. It will be crucial to ensure the involvement of all relevant
stakeholders, especially farmers and young professionals. Positive experiences learnt
on the control of RPW in the region need to be transferred and executed in other
member countries.

The expected overall result of the FAO’s program for Red Palm Weevil Eradication is to
contain the outbreak of RPW in the Near-East and in North-Africa, by coordinating the effort
to help farmers manage the RPW in order to limit crop damage to a minimum and to avoid a
further spread of the pest.

RPW-IPM: THE WAY AHEAD

The ongoing FAO Programme on RPW eradication in the NENA region provides a global
platform to plan, execute and evaluate national RPW control programmes by offering research
and technical support to on-going RPW control programmes in the region that will strengthen
the RPW-IPM components including:

1. Testing of advanced cost effective and user-friendly early detection systems:
currently visual detection of infested palms is the only reliable method adopted,
which is cumbersome and costly. However, systematic periodic inspection of palms
every 45-60 days, can effectively allow to reduce the pest population below the
economic threshold and even to eradicate the pest. One of the main objectives of the
proposed research program is to scientifically assess, in the field, the efficiency and
practical feasibility of the technologies proposed for use at field level besides using
geo-tagging or by remote sensing to facilitate the permanent registration and
monitoring of the infested palms. Research is underway in several countries to
develop cost effective and user-friendly early detection systems. Detection devices
based on acoustic, chemical signatures and spectral imaging detection are some of
the promising techniques that will be tested;

2. Encourage farmer participation in area-wide control of the pest by carrying out
detailed socio-economic studies: in several countries area wide RPW control
programmes are state subsidized with little or no participation by the farmers in the
control program which in the long run are not sustainable and also do not control the
pest to the desired level. The project aims to have a better understanding of the socio-
economic consequences of the RPW problem in the farming systems in the affected
countries and develop an intervention plan based on comprehensive socio-economic
assessment and quantification;

3. Phytosanitary measures and certified offshoot program: the project envisages to
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standardize phytosanitary measures at borders to develop a date palm RPW free area
protocol and recommend phytosanitary treatment protocols for offshoots and palms
besides establishing harmonized certification program for the production,
conservation and use of certified (true-to-type and healthy) propagation material of
date palm;

4. Address gaps in promoting RPW control tactics: currently there are several
deficiencies in the RPW control tactics. The project aims to evaluate fumigation
technique for use in curative and quarantine treatment of date palm offshoots,
evaluate semiochemical mediated technologies (dry and smart traps, attract and kill,
etc.), standardize guidelines for RPW centric GAP, evaluate protocols for chemical
control, microwave technology and eradication of severely infested palms;

5. Field evaluation of remote sensing technology to locate palms and detect RPW
infestations: the project will evaluate the recent advances in remote sensing
technology in identifying tree level information to help reduce on-farm data
collection for early detection of suspected and infested trees. Partners will evaluate
on scientific basis the efficiency and feasibility for application inside area wide RPW
control programmes of the use of remote sensing for the detection of RPW infested
palms;

6. Susa Hamra app on automatic information on palm location, trap captures and
evolution of palm infestation: GIS based digital monitoring system can facilitate data
collection from the field, map and analyze this data in almost real time to support the
decision-making process and improve the national RPW management strategies by
providing a clear overview on the situation on field. FAO’s Susa Hamra app has been
developed and will be tested through the project in the region. Furthermore, the Susa
Hamra app envisages developing spatial models to map, predict and forecast
potential RPW risks based on updated automatic information on palm location and
evolution of palm infestation (coming from Susa Hamra data points, and trap data);

7. Build capacities of all stakeholders for the efficient control of RPW in the region:
capacity building for stakeholders and farmers and improved access for sustainable
management practices for RPW is an important component of the project and will
support countries to promote the participatory training approach for municipalities
and farmers to enable them to diagnose the pest and facilitate the application of
sustainable management practices. Work with countries to promote the engagement
of all stakeholders (farmers/farmer cooperatives, NGOs, MOA officials, other law
enforcement agencies, etc.) in raising the awareness and implementation of the
preventive measures. Also, facilitate farmer participation in the RPW control program
to minimize dependence on governmental support through different participatory
approaches such as “Farmer Field Schools” and through a network of technical field
teams and awareness campaigns.

CONCLUSIONS

The overarching goal of the project is to contribute to the ongoing efforts for the
eradication of RPW in the NENA Region. Specifically, to sustainably manage RPW in the
targeted countries by refining existing RPW-IPM tactics and developing new technologies,
besides equipping national and regional stakeholders to sustainably manage RPW through
increased monitoring, better implementation of pre and post entry of quarantine regimes and
encouraging a farmer participatory approach for the control of this dreaded pest.
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Abstract

The efficacy of four local isolates of the entomopathogenic fungus Beauveria
bassiana (Ascomycota: Hypocreales) was tested. There were b58 isolated from moor
soil (Al Heffah region), K isolated from citrus orchards soil (Al Bassah region), Bb
isolated from Zeuzera pyrina larva (Oramo region) and Br isolated from red palm
weevil adult in Lattakia governorate. Experiments were carried out on adults and fifth
L5 larvae stage of the red palm weevil Rhynchophorus ferrugineus (Olivier) at a
concentration of 107 spores mL-! of each isolate. Results showed that Br isolate is the
most effective on adults and L5 larvae stage. Mortality rate of insects was 100% on the
last day of experiment, while the Bb isolate was the least effective. The LCso values
ranged between 2.4 and 6.8 days for L5 larvae and between 4.3 and 13.2 days for adults
at the end of the experiment. The efficacy of different concentrations (104, 106, 108
spores mL-1) of Br isolate was tested on adults and L3, L7 larvae stage of red palm weevil
then. Morality and LCso were taken for each of them. Results showed that the third
larvae stage is the most sensitive to the fungus. Mortality rates were 85, 100 and 100%
for the three suspension concentrations of the Br isolate (108, 106, 104 spores mL-1),
respectively, whereas they were 58, 87 and 90% for the seventh larvae stage within 7
days of the experiment. The LCs, for third instar larvae was 0.15x102 and 1x103 spores
mL-! for seventh instar larvae. While the adult mortality rates during the 14 days of the
experiment were 54, 83 and 100% for each concentration (108, 106, 104 spores mL-1),
respectively, and the LCso was 7x103 spores mL-1. However, mortality rates in the control
for L3, L7, and adult weevils were always 0%.

Keywords: biological control, entomopathogenic fungus, Syria

INTRODUCTION

Rhynchophorus ferrugineus (Olivier) is one of the world’s invasive pests of palm trees
because of its ability to adapt and adapt to different conditions and because of the near-total
absence of the insect’s natural vital enemies in newly colonized places (Lo Verde et al., 2015).

The insect spread throughout the Mediterranean basin and in Syria, where it was first
recorded in 2005 on canary palms in the Bouqa area of Latakia province. The main damage to
the insect is mostly due to larvae that feed and develop within the palm trunk and destroy the
tree-carrying vessel system, and the top bud in canary palms. Control and prevention of the
insect is very difficult because larvae are protected for their presence within the leg. Because
many European countries restrict the use of chemical pesticides in urban areas where insect
injuries occur mainly, and although natural bio-enemies have registered the insect, little has
been studied to assess their effectiveness. As vital control factors for the insect, special
attention has been paid to entomopathogens, including entomopathogenic nematodes.

Some entomopathogenic nematodes are Steinernema carpocapsae (Weiser) (Llacer et
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al, 2009; Dembilio et al.,, 2010). Other entomopathogenic fungi are mainly like Beauveria
bassiana (Balsamo) Vuillemin, and, to a less extent fungi like Metarhizium anisopliae
(Deadman et al., 2001; Ricafio et al., 2013).

Beauveria bassiana (Balsamo) Vuillemin (Hypocreales: Clavicipitaceae) is an
entomopathogenic fungi, several research has proven its efficacy to causs deaths of RPW in
laboratory (Gindin et al., 2006; Glierri-Agull6 et al,, 2010; Ricafo et al., 2013). Glerri-Agullé
et al. (2011) explained that treating palm crown area, petiole with the isolate BP203 of B.
bassiana, reduced the number of RPW in southeastern Spain.

In another laboratory study conducted in Egypt to test the local isolation of B. bassiana
obtained from infected insect Gryllotalpa gryllotalpa consecutive 6x102 to 6x107 spores mL-!
were tested and the results showed that the highest mortality rate occurred in larvae aged L3
treated with the fungus and the final mortality rate reached 100%, while the mortality rates
inlarvae at the age of L7 were between 45 and 75% of the remaining individuals which formed
cocoons that all died in the dormancy phase, and the treatment of adult insects showed that
the highest concentrations can kill the adult insects in 7 days shorter than low concentrations
which take 11 days (El Husseini, 2019). Field applications using B. bassiana mushroom spores
have shown that it can be successful in control the insects of the red palm weevil (Sewify and
Fouad, 2006; Sewify et al., 2014; El-Akad et al.,, 2016).

This study was conducted to evaluate the efficacy of four local B. bassiana isolates on
RPW adult and larvae aged L5, assessing the efficacy of different concentrations of those
isolates as well as determining mortality rate and the LDso of each isolate.

MATERIALS AND METHODS

The research was carried out in Latakia province in 2019/2020 at the Economic Insect
Laboratory at the Agricultural Scientific Research Center in Latakia and at the ACSAD Al-Sen
research station in Latakia province. Four isolations of Beauveria bassiana (b58, K, Bb, Br)
locally isolated from the Latakia region were used to study to evaluate their ability to cause
the highest mortality rate of RPW. The source and geographic location of Beauveria bassiana
isolates are mentioned in Table 1.

Table 1. Source of Beauveria bassiana isolations and geographic location used in experiments
to control red palm weevil, R. ferrugineus.

Geographic location Source Isolate code
Al-Haffe Soil b58
Al-Bassa Soil K
ERAMO Apple steep borer Bb
Madina al Nakhil RPW adult Br

RPW insects were collected from infected palm trees during periodic cutting operations
in Latakia province, and the samples were placed in sterile plastic boxes (20x15x7 cm)
containing holes for ventilation. The insects were transferred to the insect laboratory at the
Agricultural Scientific Research Center in Latakia province daily and fed on pieces of
sugarcane periodically and monitored daily to get rid of any infected or unhealthy insects for
two weeks to get healthy insects for laboratory as described by Saleem et al. (2019). Insects
were reared under laboratory conditions 27+2°C, 70+5% relative humidity and 12/12 h
light/darkness.

Beauveria bassiana single spore isolates were grown at on petri dishes containing
potato dextrose agar, three dishes of each isolate and then incubated at 26°C for 15 days in the
dark to reach the full sporulation stage. To collect spore suspension 10 mL of sterile distilled
water with 0.05% Tween 80, were added to each dish. Spore suspension was filtered across
two layers of sterile filtration paper and then the concentration was determined by counting
the spores using a micrometer slide. The screw suspension was adjusted by adding distilled
water plus Tween 80 solution at a concentration of 0.05% to reach the target concentrations
for the test.
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The rate of germination of the collected spores was estimated by inoculation of two
petri dishes with a drop of the spore suspension for each isolation. Then the dishes were
incubated at a temperature of 26°C for 24 h and then at least 100 spores from each dish were
examined. The spore was considered to be swollen if the length of the germination tube
exceeded half the length of the spore.

First experiment

RPW insects were placed in small plastic boxes 12x6 cm with perforation for ventilation
and fed by parts of the pulp of the palm tree at the rate of four larvae or adults per box (as
repetitions), and then sprayed with 5 mL of Beauveria bassiana spore suspension at 107 spores
mL-1 using a small hand spray, and the control repetitions were sprayed with 5 mL Tween 80
water per repeater. Each trial for one isolate contains 4 larval and two RPW adults, each
composed of 3 repetitions. Each repetition contains 4 larvae in phase V or 4 adults with the
control. Observations and notes were taken daily for 10 days in case of larval treatment and
for 14 days for RPW adults.

Second experiment

One isolation B. bassiana (Br) and three concentrations of the spore suspension were
used (104, 106, 108 spores mL-1) and three stages of the red palm weevil (larval stage L3, L7
and adult insects) and each repeater was sprayed with 5 mL of concentration of spore
suspensions, while the controls were sprayed with Tween 80 water. Each treatment was
composed of four reputations as well as for the control. Each repetition was composed of four
insects (larvae or adults) are treatment of the third larval age, treatment of the seventh larval
age, treatment of adult insects, control. The treated insects were placed at a temperature of
25+2°C and lighting (16/8 h) (light/darkness). The number of live and dead insects were
taken after 2, 4, 6, 8, 10, 12, and 14 days after the start of the experiment on adults and daily
until the 7th day on larvae and the number of live and dead insects was recorded in each box
and in the case of the dead insect is transferred to a sterile petri dish containing a filter sheet
moisturized with distilled water added antibiotic to follow the development of the injury and
to ascertain whether the cause of death is an innate infection.

Statistical analysis

The value of both LCso for the concentrations and LTso for the time of killing was
calculated using the Ldp Line statistical program. The differences at the lowest significant
difference level were compared at the probability level of 0.01 using the Duncan test.

RESULTS AND DISCUSSION

The efficacy of Beauveria bassiana isolates

The results showed 100% of RPW larvae died using b58 and Br isolates at the 10th day
after treatment, RPW adults recorded 100% mortality rate after 14 days of treatment.

Yasin et al. (2019) showed that the decrease of deadly killing time and the increase in
mortality are closely linked to the concentration of conidia, where the value of deadly LTso
half-time decreased when the concentration of conidia increased from 106 to 109 spores mL-1.

All tested Beauveria bassiana isolates were efficient in infecting RPW larva and adult
with clear differences in their efficacy. The results showed that (Br) isolate is more efficient
than (Bb, K, b58), which originally isolated from naturally infected RPW. This isolate caused a
100% death on the fifth larvae stage using 107 spores mL-! on the 10t day after infection, and
100% death on adults by the same concentration at the last day of the experiment, while the
isolation was Bb was less efficient as compared to the rest of the isolations (Table 2). These
findings are in agreement with what was reported earlier that the isolates obtained from the
host are more efficient than commercial or isolated or the one obtained from the soil or from
different hosts. Ricafio et al. (2013) tested the efficacy of ten isolates of B. bassiana from
several species of beetles in the Mediterranean environment and observed that the isolations
taken from the red palm weevil were more pathogenic to the larvae and adults of the RPW.
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Table 2. Mortality rate of red palm weevil (RPW) after treatment with B. bassiana after 10
days on larvae and 14 days after adult.

Treatment Adult RPW (%) Larva at L5 (%)

b58 75a 100 a
K 92 a 92a
Bb 58 ab 83a
Br 100 a 100 a
Control Oc 16.7 b

The values of the LDso time of RPW treated with different B. bassiana isolations (LTso)

ranged between 4.2 and 6.8 days for larvae after 10 days of treatment and between 4.3 and
13.2 days for adults after 14 days of treatment focusing 107 spores mL-1 B. bassiana. The LDsg
was significantly lower when the insects were treated with Br isolation than both on fifth stage
larvae and adults. While Bb isolation required more time to cause the death for the same
numbers of insects, whether larvae or adults (Table 3). Figure 1 shows toxicity lines that show
the values of the LDso time of B. bassiana isolations studied on fifth stage of larvae (Figure 1A)
and adults (Figure 1B) of the RPW.
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Figure 1. Propite values, toxicity lines and half-deadly time of mushroom isolations B.
bassiana (Br, b58, K, Bb) tested on 5-year-old larvae L5 (A) and adult insects (B) of
red palm weevil. The days followed by the same character in each column have no
significant difference between them at the probability level of 1%.
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Table 3. The LDso time of RPW insects after treatment with B. bassiana after 10 days on larvae
and 14 days after adult.

Larva of RPW at L5 after 10 days RPW adults after 14 days

BOke = Max LTsotime  Min  Max
Br 422 3.9 46 43a 36 49
b58 51ab 47 55 59ab 52 66
K 55b 5.1 6.1 77b 68 86
Bb 6.8¢ 6.3 7.4 132¢ 15 168

The effect of BR isolate in the third and L7 stage of RPW

The third stage larvae were significantly affected by the three concentrations of B.
bassiana used after 3 and 7 days after treatment (Figure 2), with mortality percentage after 3
days (28, 44, 60%) of the three concentrations viz., 104, 106, 108 spores mL-, respectively,
while the LCso at the concentration of 5x106 spores mL! reached 85 100 and 100%,
respectively, after 7 days of treatment. The LDso concentration was 0.15x102 spores mL-1. As
for the larvae of the last age, the results showed that the effect of B. bassiana is also significant
with a death rate of 32, 38 and 42% of the three concentrations used (104, 106, 108 spores
mL-1), respectively, with a LDso concentration equal to 3x101° spores mL-1, and were 58, 87,
and 90%, after 7 days of treatment the LDso was 1x103 spores mL-1, and all above treatments
are significantly different from the control and this is in agreement with El Husseini (2019).

Desponse percentage
Probits

Respuonse percentage
Trobits

Figure 2. Propitvalues and the half-killer concentration of the three tested concentrations of
B. bassiana (104, 106, 108 spores mL-1) of Br isolates on the third age L3 (B) and the
last L7 (A) for red palm succulence larvae. Averages followed by the same character
in each column make no significant difference between them at the 1% probability
level.
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The effect of B. bassiana on larvae was demonstrated by observing a change in the
behavior of diseased insects where very slow movement was observed and then stopped
feeding and with the appearance of some necrotic spots on the body of larvae indicating the
places where the spores of the fungus penetrated the larval body. As the injury progressed,
the larvae completely stopped moving and died, the body contracted and became almost rigid
and fossilized, and the fungal growths emerged outside the larva’s body (Figure 3). When
growth is not observed on the surface of the body, the presence of the fungi is confirmed by
dissecting the body and detecting the presence of mycelium within the larvae’s body. The
results also showed a decrease in the effect of B. bassiana on larvae with age, indicating that
large phases are less sensitive to infection than younger phases, and may be due to the fact
that larvae at the last age are larger and need higher doses of pathogenic fungi to reach death
than at the early ages.

Figure 3. Appearance of B. bassiana on red palm weevil.

The effect of Br isolate at the adults of RPW

The results in Table 4 show a clear effect of B. bassiana on the adults of RPW with higher
concentration than lower once, with mortality beginning on the fourth day in the trial and the
percentages of death (34, 42, 60%) of the three used concentrations (104, 106, 108 spores
mL-1) respectively, with a LDso concentration of 5x106 spores mL! without significant
differences between them as compared to the control. After 8 days of fungi treatment, this
percentage increased to 46, 80, 93%, respectively, with a significant difference between the
lowest concentration (104 spores mL) and the highest two concentrations (106 and 108
spores mL-1), between which there was no significant difference, with the deadly LDso on the
eighth day of treatment 1x104 spores mL-! (Figure 4). On the 14t day of the experiment, the
mortality rate was 54, 83, 100% at the same spore concentrations, respectively. This is a case
reduction of daily LDso to 7x103 spores mL-! (Figure 4). These results were in agreement with
previous studies where the use of isolation from naturally infected B. bassiana led to 100%
death on adults after 14 days of experimentation, making this isolation promising in order to
complete the study of its impact on RPW. The results also showed that the effect of B. bassiana
was relatively low at the beginning of the experiment and then increased after a week of fungi
treatment (Table 4). The symptoms of fungi infection were that the adults became highly
mobile at the beginning of the injury and randomly moved and then began to slow down after
a day to become almost non-existent within a few days and then stopped moving permanently
and died, the innate growths were observed on the body of the dead insect between his throats
as well as between the joints of the argel and in the oral hose area (Table 4). When not
watching fungal growths the individuals of RPW was cut to make sure the fungi were within
the body, and part of the insect’s body was taken and placed on the PDA culture to monitor
the growth of fungi in the dishes and to ensure that the cause of the insect’s death was the
infection of the pathogenic fungi.
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Table 4. The LDso of B. bassiana isolate (Br) on the third stage L3 and the last L7 for the larvae
on the RPW and its deadly LDsy.

Treatment Percentage of death of larvae L3 Percentage of death of larvae L7
after 3 days after 7 days after 3 days after 7 days
1x108 60.20 ¢ 100 b 42.70 b 90.22¢
1x106 4464 c 100 b 38.90 b 87.90 ¢
1x104 28.38 b 85.88 b 32.27b 58.45b
Control 00a 00a 00a 00a

5%106 spore mL'  0.15%x102 spore mL'  3x10' spore mL* 1x10° spore mL"

T Peobits

Brsponse per centage

o

Figure 4. Propitand the deadly LDso concentration of the three isolation tested compositions
(Br) were assessed on the adult phase of the red palm weevil. Averages followed by
the same character in each column make no moral difference between them at the
1% probability level.

CONCLUSIONS

All tested B. bassiana isolates used in this study showed effectiveness in killing larvae
and adults of red palm weevils with clear differences in disease capacity. Br isolate of B.
bassiana isolated from the natural infected RPW is more effective than those isolated from the
soil or from other host insects. Br isolation is recommended for the biological control of the
RPW as part of integrated insect control programs on the Syrian coast.
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Abstract

Insect pests cost billions of dollars in the form of crop losses and insecticides, and
farmers face an ever-present threat of insecticide resistance, fueling a continual search
for alternative pest-control strategies. Thus, there is a long-felt need for
environmentally friendly methods for controlling or eradicating insect infestation on or
in plants, i.e., methods that are selective, environmentally inert, non-persistent, and
biodegradable, that fit well into pest resistance management schemes. RNA interference
(RNAI) is a process utilizing endogenous cellular pathways, whereby an interfering RNA
molecule that is specific for a target gene sequence results in the degradation of the
mRNA encoded. The red palm weevil (RPW; Rhynchophorus ferrugineus) is a wide
spread pest considered as a major threat for dates and other palm tree species in the
Middle East, Mediterranean, and around the word. The RPW larvae excavate holes in the
trunk of the tree, feed from it and eventually causing the death of the palm host.
Although some available pesticides are used to control the infestation, the synthetic
pesticides had failed so far to stop the infestation and the use of such chemicals has
detrimental effects on the food safety and the environment. Here, we present an
alternative RNAi biological treatment for palms based on a double-stranded RNA
(ds02288) sequence of the protea some sub unit beta type-1 (PSMB1). ds02288 showed
high efficacy against RPW larvae in feeding assays and was able to prevent and reduce
infestation in treated date-palm trees in field trials. Our product is currently pending
registration in Israel as a new bio-pesticide for the management of RPW in date-palm
trees.

Keywords: red palm weevil, RPW, RNA interference, RNAi, double stranded RNA, dsRNA,
Proteasome sub unit beta type-1, PSMB1

INTRODUCTION

The date palm (Phoenix dactylifera L.) is of utmost important fruit crop throughout the
arid regions, of the Middle East, North Africa and Arabian Peninsula. The date fruits are not
only highly esteemed as an essential component of daily nutrition but also highly valued for
their health and medicinal qualities. Date production in these areas, are under serious threat
by the red palm weevil (RPW) (Rhynchophorus ferruginous (Olivier); Coleoptera:
Curculionidae). The RPW is a highly invasive beetle infesting palm trees (Faleiro, 2006;
Kehat,1999). The adult beetles are relatively large, ranging between 2 and 4 cm long, and are
usually a rusty red color. The weevil larvae excavate holes in the trunk of palm trees up to a
meter long, thereby weakening and eventually killing the host plant. As a result, the weevil is
considered a major pest in palm plantations, including coconut palms, date palms and oil
palms (Pugliese et al,, 2017).

The control of RPWs relies on the use of synthetic pesticides and remains a challenging
problem. First because the toxic pesticides deteriorate environmental quality and endanger
biological diversity. Furthermore, they are also not sufficiently effective to manage RPWs and
interfere with the acceptance of date fruits as health components (Abo-El-Saad et al., 2012,
2013; Llacer et al., 2010).
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As a result, there was an intense need to implement novel, less harming pest
management measures for RPW control (Petrick et al., 2013; San Miguel and Scott, 2016).

The present report provides evidence for the possible application of a novel approach
for RPW control based on RNA interference (RNAi). RNAi based pest control is a genetic
sequence specific method (not involving genetic modification, GMO technology) of
suppressing a targeted gene’s expression. By selecting RPW sequences, from essential genes
responsible for the insect’s viability, we were able to cause up to 100% mortality to RPW larvae
without adversely affecting non-target species (Wang et al., 2013; Gordon and Waterhouse,
2007; Price and Gatehouse, 2008). Both feeding assays and field trials in trees show great
opportunity of using this novel method as a general pest control in date orchards and for
ornamental purposes. Results using the RNAi technology for RPW control are presented.

MATERIALS AND METHODS

In the whole experiment a synthetic dSRNA was used. The dsRNA for the feeding assays
were provided by Eupheria Biotech GmbH (Dresden, Germany). The dsRNA for the field trials
were provided by Genolution Inc. (Seoul, Korea). Infestation levels of palm trees were
monitored by [oTree® sensor system (Agrint, Rockville, USA).

Dose response feeding assay

RPW larvae (1-2.5 cm in length) were grown in a plastic 250-mL cup-like container (a
single larvae in each container) and fed on crushed sugarcane stem. Synthesized dsRNA
molecules of each of the indicated sequences were dissolved in 1 mL of ddH,0 and
subsequently added to 5 g crushed sugarcane in a total of 1 pg per RPW larvae treatment (5-7
repeats per treatment). The containers were then placed in a dark humid location at a
temperature of 25-30°C. The viability and change in mobility of the larvae was evaluated 3
times weekly (every 2-3 days) for 14 days following the treatment. The dsRNA sequences are
200-300 bp in length and are corresponding to mRNA sequences of RPW proteasomal genes:
ds02288 - proteasome subunit beta type-1 (PSMB1); ds04581 - proteasome non-ATPase
regulatory subunit 6 (RPN6); ds00295 - proteasome subunit alpha type-6 (PSMA6); ds00507
- proteasome subunit alpha type-1 (PSMA1); ds06181 - proteasome subunit beta type-2
(PSMB2). To determine optimal dose, the percentage of larvae death obtained using different
doses of the dsRNA was also tested. The negative control used is a 300-bp dsRNA of green
fluorescent protein (GFP).

Formulation feeding assay

To examine the efficacy of ds02288 in a formulation, designated for trees treatment, on
larvae mortality rates by oral ingestion, RPW larvae (~2-3 cm in length) were grown in a
plastic 250 mL cup-like container (a single larvae in each container) and fed on crushed
sugarcane stem. Synthesized ds02288 (200 bp) molecules in 2 mL of liquid formulation or in
ddH;0 added to 5 g crushed sugarcane per RPW larvae treatment, 20 repeats per treatment
(Table 1). The containers were then placed in a dark humid location at a temperature of 25-
30°C.

Table 1. Treatments used for larvae formulation feeding assay.

Treatment ds02288 (g mL") Formulation?
A_10 10 +
A1 1 +
A0 0 +
B_0 0 -
B_10 10 -
B_1 1 -
B_0.1 0.1 -

aSamples in formulation A indicated in (+) and samples in ddH20 indicated in (-).
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The viability and change in mobility of the larvae was evaluated daily for 16 days
following the treatment. Formulation or ddH,O without ds02288 were used as a negative
control.

Canary palm field trial

The field trial was conducted on grown Canary palm trees (Phoenix canariensis) at the
southern region of Israel. The application of ds02288 formulation is performed by direct
injection to the trunk and by crown irrigation of the palm tree. During the trial, infestation
levels are monitored by loTree® sensor system. Twenty-four monitored trees in a field were
selected for the experiment. The trees were divided into two groups (12 trees per group) of
dsRNA treated and control trees. In each group the number of infested and healthy trees
(according to the sensors) were similar. Each tree was treated with 18 mL by injection (6 mL
per cannula were injected at 3 bark positions) and 10 L were irrigated onto the tree crown. In
each treatment a total of 20 mg were applied (10 mg by injection and 10 mg by crown
irrigation) or water for control trees.

RPW infection trial

The inoculation trial was conducted on offshoots of ‘Medjool’ date trees (Phoenix
dactylifera), ~2 m high, with a single cannula (injection hole). The trees were planted in the
soil under a net house. A total of 36 trees were divided into five groups. Seven trees per
treatment and eight trees at the control group. The trees were treated with two doses of
ds02288 (7 and 17 mg in 6 mL). During the trial and at two time points, adult RPW beetles
(~100 beetles) were spread in the net house to allow infestation. To promote the infestation,
the bark of the trees was slightly injured (Figure 1A). Infestation levels were monitored by
loTree® sensor system. The treatment and infestation events are presented in Table 2.
Treatments are indicated by (+) and an asterisk (*) above the month (M) indicates an
inoculation event. During the trial several trees were dissected and searched for indication of
RPW larvae activity to evaluate their infestation levels.

Movement of dsRNA in palm trees

A mature frond of an untreated ‘Medjool’ date was cut and placed in a tube containing
5.2 ug of ds02288 in 7.5 mL water. The tubes were sealed with para-film to ensure all water is
absorbed by transpiration. After 48 h all water was absorbed. The petiole and rachis above the
soaked area was cut to small pieces and frozen at -80°C. The pieces were then crushed and
squeezed to extract the sap. Total RNA was isolated from 200 pL of palm leaves sap with Bio
Tri RNA (Bio-Lab, Israel) and cDNA was synthesized using Maxima H minus RT enzyme
(Thermo Fisher Scientific, USA) according to manufacturer’s instructions, using random
hexamer primers. Real Time qPCR (RT-qPCR) reactions were performed on AriMax (Agilent,
USA) machine using Fast SYBR Green Master Mix (Applied Biosystem, USA) using 1 pL
synthesized cDNA under cycling conditions following manufacture instructions with two sets
of specific primers designed to detect ds02288. Non-specific product and primer dimer
formations were ruled out by melting curve consisting of a single peak. dsRNA relative quantity
was calculated relative to non-treated control tissue.

Table 2. Treatment and infestation events.

Treatment Qe . i
(mg) M1 M2 M3 M4 M5 M6 M7 M8 M9

A0 0 + + + + + +
A7 7 + + + + +
A 17 17 + + + + +
B7 7 + + +

B17 17 i i i

An asterisk (*) above the month (M) indicates an inoculation event.
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Figure 1. Injured bark of ‘Medjool’ date trees (Phoenix dactylifera) that were part of the RPW
infection trial. Date trees were injured to promote infestation of the trees. A) fresh
injury; B-C) adult beetles settle in the injured bark (arrow) 1-2 days following
release in the contained net house.

RESULTS AND DISCUSSION

Dose response feeding assay

We tested several dsRNA molecules of RPW proteasomal genes as an efficient RNAi
target. The RPW larvae mortality rates obtained are shown in Figure 2. The negative control
used is a 300 bp dsRNA of green fluorescent protein (dsEGFP). As seen in Figure 2, all five
dsRNAs tested caused a significant increase in larvae mortality from 10 DPT and exceeding
75% at 14 DPT (75% for ds00507, 85.7% for ds00295 and ds04581). Noteworthy, the
ds00295 targeting the PSMA6 showed a marked increase in the number of dead larvae 10 DPT
and the ds02288 targeting the PSMB1 and ds06181 targeting the PSMB2 showed a marked
increase in the number of dead larvae 12 DPT.

100 +
90 -
80 -
70 -
60 -
50 -
40 -
30 4
20 +
10 -
0 : . o]
dsEGFP ds02288 ds00507 ds00295
#%#7DPT ®10DPT @& 12DPT & 14DPT

% of dead larva

ds04581 ds06181

Figure 2. Feeding assays comparing different targets in the RPW, showing mortality rates
presented as percentage of dead RPW larvae, days post treatment (DPT). RPW
larvae were grown in plastic cups and fed on crushed sugarcane stem mixed with 1
pg of dsRNA (200-300 bp). The dsRNA molecules targeting RPW genes are as
follows: ds02288 - proteasome subunit beta type-1 (PSMB1); ds04581 -
proteasome non-ATPase regulatory subunit 6 (RPN6); ds00295 - proteasome
subunit alpha type-6 (PSMA6); ds00507 - proteasome subunit alpha type-1
(PSMA1); ds06181 - proteasome subunit beta type-2 (PSMB2); dsEGFP that was
used as negative control is a 300-bp dsRNA of green fluorescent protein.
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To further test the efficacy of ds02288 and ds00295, the above-described experiment
was repeated using a combination of the two dsRNAs. As seen from Figure 3, about 55% of the
larvae were found dead at 7 DPT, 70% 10 DPT and all larvae were dead 14 DPT. These results
were similar to those obtained in the two individual separated treatments only with a faster
response time of 7 DPT vs. 10 DPT of ds00295 alone. Both ds02288 and ds00295 exceeded the
85% at 12 DPT and reached 100% at 14 DPT similar to the combined treatment.

To determine optimal dose, the percentage of larvae death obtained using different
doses of the ds02288 were tested. As seen from Figure 4. All larvae were found dead 14 DPT
using as little as 0.1 pg of ds02288 per treatment.

Formulation feeding assay

We measured the mortality rates of RPW larvae treated by oral ingestion of ds02288 in
formulation and in ddH:0 at different concentrations. All treatments exhibited high efficacies
reaching 100% at 15 DPT where the control treatments reached only 5 and 15% at the same
time for larvae treated with formulation and with ddH:0, respectively (Figure 5). The overall
performance of all treatments is similar where mortality had increased from 7 DPT and
reached its peak at 11-15 DPT. Treatment A_10 (10 pg ds02288 in formulation) showed early
response time where mortality increased at 5 DPT (7 DPT for the rest of the treatments) but
reached 100% mortality at 12 DPT, like the corresponding dose in ddH:O.

100
80
60

40

% of dead larva

20

0

dsEGFP ds00295 +ds02288
#7DPT w10DPT = 12DPT m14DPT

Figure 3. Feeding assays of using two different dsRNAs simultaneously, showing mortality
rates as percentage of dead RPW larvae, days post treatment (DPT). RPW larvae
were grown in a plastic cup and fed on crushed sugarcane stem mixed with a mix of
two dsRNA (1 pg each). The dsRNA molecules targeting RPW genes: ds02288-
proteasome subunit beta type-1 (PSMB1) and ds00295-proteasome subunit alpha
type-6 (PSMAG6). The negative control used is a 300 bp dsRNA of green fluorescent
protein (EGFP).
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Figure 4. Measuring the efficacy of mortality rates in feeding assays as percent of dead RPW
larvae days post treatment (DPT) in the dose response. RPW larvae were grown in
a plastic cup and fed on crushed sugarcane stem mixed with dsRNA (0.1-10 pg). The
ds02288 molecule targeting RPW proteasome subunit beta type-1 (PSMB1) gene.
The negative control used is a 300-bp dsRNA of green fluorescent protein (EGFP).
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Figure 5. Feeding assays for formulations and dose response. Presented as mortality rates as
percent of dead RPW larvae measured days post treatment (DPT). RPW larvae were
grown in a plastic cup and fed on crushed sugarcane stem mixed with dsRNA (0.1,
1 or 10 pg) in formulation (‘A’) or in ddH20 (‘B’). The ds02288 targeting RPW
proteasome subunit beta type-1 (PSMB1) gene was used. The negative control used
is a formulation only or ddH,0 without dsRNA (‘A_0’ and ‘B_0’, respectively).

Canary palm field trial

The infestation levels of 24 Canary palm trees treated with ds02288 or water are
monitored by lo Tree® sensor system. Infestation levels were collected at the end of each
calendar month, indicated as (M). The loTree® sensor system tracks the infestation levels by
detecting the movement of the larvae in the tree and reports according to changes in the
activity levels of the larvae. Since the activity levels of the larvae differs in each season the
infestation levels are evaluated according to the past equivalent period. At the beginning of the
trial the control group consisted of 10 healthy trees and 2 infested (Table 3). At the peak period
of the infestation (M1-4) the control group had 8 healthy trees and 4 infested. At the equivalent
period of M13-16, the control group showed similar levels at the end of the trial with 8 healthy
trees and 4 infested. When analyzing each tree individually (results not shown) the increase of
infected trees is due to 2 healthy trees found as infected at M4 and M9 suggesting a fresh
infestation occurred during the trial. These two trees had collapsed during the trial due to high
infestations leading to tree death (at M9 and M10). The two control infested trees at the
beginning of the trial were still infested at M16 (one is in an intermediate level and was not
counted as infected but displayed high infestation levels throughout the trial). The fourth
infested tree was detected as infested during the peak period at M1. At the beginning of the
trial the treated group consisted of 9 healthy trees and 3 infested. At the peak period of the
infestation the treated group had 6 healthy trees and 6 infested. At the equivalent period of
M13-16, the treated trees group showed a remarkable recovery level when finishing the trial
with 11 healthy trees and only a single tree infested. When analyzing each tree individually
(results not shown) all the infected trees at the beginning of the trial found as healthy at its
end (M16) and a single tree infected at the peak period (M3) had remained infected at M16.

Table 3. Monthly infestation status of Canary palm trees.

Month MO M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 M15 M16
Control Heathy 10 8 8 9 8 9 11 11 10 10 8 8 9 9 9 8 8

Infested 2 4 4 3 4 3 1 1 2 2 4 4 3 3 3 4 4
ds02288 Healthy 9 8 7 6 7 6 7 7 8 9 1 12 12 11 12 11 M1
Infested 3 4 5 6 5 6 5 5 4 3 1 0 0 1 0 1 1

RPW intentional infestation trial

We tested the effect of pretreatment with ds02288 in date palms on the infection rates.
Trees treated with ds02288 (once or twice) before introducing adult RPW beetles in a
contained net-house to promote infection and the infestation rate were monitored with the
loTree® sensor system. Treatment “A” is an application at two consecutive months preceding
a single month with no treatment. Treatment “B” is an application every three months. In both
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treatments two doses were tested (7 and 17 mg per application) (Table 2). The infestation
levels measured at the end of each calendar month for each treatment presented in Figure 6.
The results presented are from the time of the first exposure to the mature RPW (three months
post first treatment). The control group (“A_0"; water treatment as treatment “A”) consisted
of eight trees. Four trees were infested, two of them found to be highly infested one month
after exposure. The severe infestation of the two trees had led to the death of the tree five and
six month after the infestation was detected. At the low dose treatments (A_7 and B_7) a single
tree had died and found to be infested by dissection of the bark. At group “B_7” (treatment
every three months) a second tree found as infested at M8 (one month after the second
exposure) but reported as clean the next month. At the high dose treatments (A_17 and B_17)
a single tree had died in group B_17. No traces of RPW larvae activity were found in this tree
that probably died from other reasons. Thus, no infested trees were found during the trial at
the high dose treatments. The infestation rates of the control group (four out of eight) suggest
an affective intentional infestation and the advancement of the normal RPW life cycle within
these trees.
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Figure 6. Infestation levels of offshoots of ‘Medjool’ date trees (Phoenix dactylifera)
monitored during the RPW intentional infestation trial. A total of 36 trees were
divided into five groups. Seven trees per treatment and eight trees at the control
group. Two treatments regimes were applied: A) treatment at two consecutive
months with a single month gap between; B) a single treatment every three months.
Each treated tree was injected with ds0288 (7 or 17mg). The negative control used
is a ddH»0 without dsRNA (‘A_0). Each circle represents a treatment group for the
corresponding month (each row represents a treatment) (each column is a monthly
time point indicated by ‘M’). Each slice represents a single tree in the group.
Infestation levels were monitored by loTree® sensor system is represented by the
filling color of each slice as indicated in the legend beneath. An asterisk (*) above
the month (M) indicates an inoculation event.

As seen from Figure 1B-C, adult RPW beetles were found to settle in the injured tree
bark. These observations, with the infestation rates of the control group (four out of eight),
suggest an affective intentional infestation and the advancement of the normal RPW life cycle
within these trees. When comparing the infestation levels of the treated trees vs. the control
group we can conclude that the treatment with ds02288 had prevent the larvae to develop and
further excavate into the tree causing its damage.

Movement of dsRNA in palm trees

RT-qPCR on cDNA synthesized from sap extract of treated fronds. Treated samples
yielded relative quantity (AR) of 36.9 and 15.3 with primer set A and B, respectively. These
results suggest that ds02288 was detected in leaves above the point of application after 2 days.
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The RT-qPCR analysis of dsRNA levels, 48 h post-application shows that both amplicons were
able to detect the presence of ds02288 (Figure 7) indicating that the molecule is stable in
planta and is systemically translocated within the plant.
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Figure 7. RT-qPCR profiling of ds02288 in distal tissue of dSRNA-treated palm leaves with two
sets of primers (A and B). Higher Ct values of both dsRNA amplicons were found in
treated fronds (ds02288) vs. untreated fronds (Ctrl) at 48 h post application.

CONCLUSIONS

In this study we attempted to establish an dsRNA molecule as an active ingredient of a
biological treatment to prevent and try to eradicate the RPW infestation in palm trees. Several
sequences of dsRNA targeting different proteasomal genes mRNA were tested for efficacy and
dose response in a lab feeding bioassay (patent submitted). Of the five dsSRNAs tested ds0288
(a sequence targeting the proteasome subunit beta type-1 (PSMB1) mRNA) was found with
highest efficacy achieving 100% mortality rates 14 DPT, 17 DPT using dose of 10 and 0.5 pg,
respectively, and 75% mortality 17 DPT using 0.1 pg dose. All sequences reached 75-87.5%
mortality rates 14 DPT using dose of 10 pug. These results are exceeding similar publications of
dsRNA applications tested on RPW larvae (Al-Ayedh et al., 2016) and correlates with similar
work done on the Colorado potato beetle (CPB) that is currently in advance stages of product
development (Rodrigues et al., 2021). In the reported case, injection into larvae of 1-5 mg of
catalase 444 bp dsRNA resulted with similar mortality rates. From these results we conclude
that dsRNA targeting proteasomal genes of the RPW are efficiently inducing a lethal RNAi
response in the RPW larvae by oral ingestion. Same results were achieved when treating the
RPW with ds02288 in soluble formulation to test the efficacy of a future product.

The effectivity of ds02288 to prevent and eradicate the RPW infestation in palm trees
was tested in two trials on Canary palms in an open field and on ‘Medjool’ date trees in closed
environment. At the field trial, a natural infestation occurred when the trees were in a highly
infested area. The fast rise in infection levels at the beginning of the trial, suggest that the trial
began at the peak of the infestation and the treatments were not sufficient to prevent the
infestation at a short period of time prior to infection. Nevertheless, infected trees had
recovered when treated with ds02288. At the net-house trial, the intentional exposure of the
trees to adult RPW beetles resulted in high infestation. Here, a pretreatment had prevented the
infestation of the trees supporting our assumption that the infestation observed at the open
field trial initiated before the first treatment and did not leave sufficient time to prevent the
infestation.

According to results in the various feeding assays and trials in trees of ‘Medjool’ and
Canary, we conclude that the treatment with ds02288 exhibit high efficacy, is stable in the trees
for at least several months with the targeted dsRNA and has great potential to become a
product ready for use for the date and ornamental growers.

We managed to detect the movement of ds02288 in palm tissues by real-time PCR. These
results confirm our hypothesis that ds02288 is stable in planta and is systemically translocated
within the trees. These dsRNA molecules are probably the cause of larvae inability to grow and
develop in the ds02288 treated trees, therefore prevent the damage they cause to the palm
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trees. These results are consistent with previous publications on the long-distance movement
of RNA molecules in plants (Citovsky and Zambryski, 2000; Kehr and Kragler, 2018).
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Abstract

Rhynchophorus ferrugineus Olivier (Coleoptera: Curculionidae), commonly called
the red palm weevil (RPW), is one of the most severe palm pests of the tropics and
Mediterranean countries. In these latter countries, this pest attacked mainly Phoenix
canariensis, the most used ornamental palm for gardens and urban green spots.
However, still is not understood if this preference for this host palm is determined by
the attractiveness of its volatile organic compounds (VOCs) or to resistance/avoidance
mechanisms present in the other palm species. In this study we investigate, in electro-
physiological and behavioral experiment, the role of the P. canariensis VOCs in this host
preference behavior versus other three palm species: Chamaerops humilis,
Trachycarpus fortunei and Washingtonia filifera. In EAG recordings P. canariensis VOC
extracts, elicited a stronger response on RPW antennae rather than solvent or C. humilis
extract, while similar responses were recorded using W. filifera and T. fortunei extracts.
In dual choice arena bioassays, females of RPW showed feeding preference for the P.
canariensis in comparison with T. fortunei and C. humilis. Overall, the present findings
suggest that this preference behavior is mediated by VOCs emitted.

Keywords: EAG, bioassays, Chamaerops humilis, Trachycarpus fortunei, Washingtonia filifera

INTRODUCTION

Rhynchophorus ferrugineus Olivier (Coleoptera: Curculionidae), commonly called the red
palm weevil (RPW), is one of the most severe palm pests of the tropical regions and
Mediterranean countries (Murphy and Briscoe, 1999; Gindin et al., 2006; Guarino etal., 2013,
Perietal., 2017; Suma et al,, 2017) (Figure 1). However, while in the Middle East, in India and
in northern Africa the RPW attacks date, oil and coconut palms and is mainly an agricultural
problem, in Europe it mainly affects ornamental palms. After its accidental introduction in the
European countries of the Mediterranean basin, the RPW determined, over the years, a
progressive impact on the green spots of urban environments (Ferry and Gomez, 2002;
Kontodimas et al.,, 2006; Schimmenti et al,, 2017; Soroker and Colazza, 2017). In these
locations RPW attacked mainly Phoenix canariensis Hort. ex Chabaud, the Canary island palm.
As this species is used for ornamental purposes (Noto and Romano, 1985), RPW became a
serious pest of the urban, monumental and country landscape. In these environments, more
rarely, other palm species have been infested by the weevil, such as Phoenix dactylifera L.
(Faleiro, 2006), Washingtonia spp., Trachycarpus fortunei Wendel (Ju et al., 2011) and
Chamaerops humilis, the latter the only native palm species of the Mediterranean basin (Longo
etal,, 2011) previously reported as resistant to R. ferrugineus (Barranco et al., 2000).

Observations conducted in the Autonomous Community of Valencia from 2004 to 2009,
evidenced that R. ferrugineus killed about 20,000 palms the majority of them belonging to the
species P canariensis (Dembilio and Jacas, 2011). Similarly, other observations conducted
from 2007 to 2010 in Sicily revealed that on a total of about 20,000 palms killed by the RPW,
the 99.7% was belonging to the species P. canariensis while the remaining 0.3% belonged to
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other palm species (Peri et al., 2013). Raciti et al. (2013) observed the different palm species
population reduction between the 2006 and 2012 in historical gardens of Sicily caused by
RPW: Canary island palms were reduced of almost the 90%, W. filifera palms were reduced of
the 4.19% while T fortunei and C. humilis were only marginally attacked.

Figure 1. Red palm weevil (Rhynchophorus ferrugineus Oliver).

The higher activity of the RPW observed on P. canariensis could be determined by a
stronger attraction of the Canary date palm, mediated by volatile compounds, or by antibiosis
or avoidance mechanism performed by the other palms that in this way become somewhat
resistant (Cangelosi et al., 2015). RPW was observed to strongly respond to “palm esters” in
EAG studies (Guarino et al., 2013), however, these compounds have not been behaviorally
proved to be attractive used alone but as co-attractant with the aggregation pheromone, as
they are produced in fermenting tissues rather than in sane healthy tissues. To date the RPW
response to palm volatiles has been evidence only for these fermenting compounds that in
fact have been exploited positively to enhance the captures in the traps. However, the possible
role of volatiles produced from healthy palms are to be clarified. It is also to be stated that
olfactory cues that are detected from insect for host plant findings are rarely made by a
taxonomically characteristic compound but rather, in many cases, insects recognize plants by
detecting blends of ubiquitous compounds (Birkett et al., 2004; Bruce et al., 2005; Bruce and
Pickett, 2011; Guarino et al,, 2018). So it is likely that the RPW may use particular blend
mixtures of compounds produced by the different palm species or rather than a specific
compound to orient and recognize the host.

Objectives of our study were to address the RPW antennal response to the VOCs emitted
from potential host palm species and if in choice conditions, RPW prefer to feed on P
canariensis palms tissues rather than C. humilis, W. filifera or T. fortunei. In this research, the
following questions have been addressed: are the volatiles of P canariensis more evidently
perceived from the RPW adults rather than the other palm volatiles? Do the RPW individuals
prefer to feed on of P. canariensis rather than on other palm tissues?

MATERIALS AND METHODS

Insects

RPW adults used for bioassays were collected from captures in pyramidal Picusan®
pheromone traps (Sansan, Spain) and from cut infested Canary Island palms, located in urban
areas in Palermo, Italy. The insects were sexed and kept separated in groups of up to 50
individuals each. Weevil groups were maintained in environmentally controlled rooms
(25%1°C, 70£10% RH, photo period 14:10 L:D), in plastic cages (20x20x40 cm) with two 5-
cm-diameter mesh-covered holes, and fed with ‘Golden Delicious’ apples until used for
experiments.
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Plants

Plants of P. canariensis, T. fortunei, W. filifera and C. humilis, of two years of age, of
approximately 1 m height, were recovered from nursery plantation from Marsala (Italy) and
kept in glass house until used for the experiments. Plants were kept in pots of 40 cm of
diameter, and irrigated two time per week until used for the experiments.

EAG puff tests

Palm VOCs from P. canariensis, T. fortunei, W. filifera and C. humilis were tested on RPW
antennae in EAG puff tests.

In order to collect palm volatiles from the different species, VOC collections were
conducted in all plexiglas chambers of 110x50x50 cm where palms were placed individually.
Humidified and charcoal filtered air was drawn through the chambers (flow 0.3 L mint) for
24 h. The volatiles were trapped in glass collectors (6 mm ID) filled with 70 mg of 18-35 mesh
Porapak Q (Supelco, Bellefonte, PA) held in place by glass wool plugs. The VOC collections
were carried out close to a window to provide a source of natural daylight, and two fluorescent
light bulbs (Lival, 220V-11 W, Finland) controlled by a timer located above aeration apparatus
to provide supplementary light source with a 16L:8D photo period. Collectors were prepared
a few minutes before the start of a collection, then, at the end of the aeration period, were
eluted with hexane (200 pL). For EAG puff test, a standard 1-pL aliquot of each palm extracted
VOCs was pipetted onto a piece of filter paper (Whatman, n. 1), exposed to the air for 20 s to
allow the solvent to evaporate, and then inserted into a glass Pasteur pipette. One uL of pure
hexane was puffed as control. For the puff test, a stimulus-flow controller (model CS-05;
Synthech; Hilversum, The Netherlands) was used to generate a 1.5-s stimulus at 1-min
intervals, with a flow rate of 1.5 L min-1. The RPW antenna was excised from the heads and
was suspended above two silver wire electrodes using glass capillary tubes filled with 0.1 M
KCI solution. The signals generated by the antennae were passed through a high-impedance
amplifier (model IDAC-232; Synthech; Hilversum, The Netherlands) and recorded with the
specialized software (EAG Pro, Synthech; Hilversum, The Netherlands). The sequence of the
stimuli of each of the tested compounds and of control was randomized. Each one of the four
extracts was tested on one randomly selected antenna per females (n=13).

Laboratory bioassays

In behavioral experiments the feeding activity of RPW females was assessed in dual
choice tests using P. canariensis versus W. filifera, T. fortunei and C. humilis. These experiments
were carried out using cages (size 30x10x8 cm) made by zinc-sheet with a bottom made by
metal net (holes size 3.35 mm?) that allows the females RPW to feed in the substrates placed
below. The cage was provided with a cap with metal net for ventilation (holes size 1.00 mm?).
Underneath the cage bottom, at the two opposite sides, two palm slices (slice deep 1£0.1 cm;
surface 14.15+1 cm?) one of P. canariensis and one from the three tested palm species were
placed as substrate for female feeding. Only the apical portion of each plant (i.e., first 25 cm
from the meristematic apex) was used for the experiments. The substrates were sandwiched
in two filter paper sheets (Whatman no. 1). Experiments lasted 24 h starting at 10:00 am and
were carried out in dark condition in an environmentally controlled room at 25+1°C. RPW
females were introduced in the cage individually and left free to feed in the P. canariensis or in
the other tested palm substrates. To verify possible bias due to the structure of the used cages,
blank bioassays were carried out using both palm slices of P. canariensis called “A” and “B”.
Females were starved for 24 h before the trials. Each one was tested only once. The number
of holes bored during substrate probing and feeding was counted in the different substrates
was counted at the end of the trial to estimate the RPW host feeding preference activity.

Statistical analysis

The responses of RPW antenna evoked in the two sexes by the different stimuli were
analyzed using a repeat-measure ANOVA and statistically separated by Fisher’s LSD test. To
assess substrate preference for feeding activity of RPW adults, the number of feeding holes in
the tested substrates for each replicate was counted, log transformed and compared by t-test
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for dependent samples (Statistica for Windows 10.0).
RESULTS

EAG puff test

Mean EAG responses evoked on RPW antennae by the different palm volatiles and from
the solvent are shown in Figure 2. RPW females showed different responses to the palm
volatiles and/or the solvent (F4, 32=2.9272; P=0.036; ANOVA). In particular P. canariensis
volatiles determined a stronger EAG responses compared to solvent (P=0.009) and to volatiles
of C. humilis (P=0.035). Trachycarpus fortunei volatiles determined a stronger EAG responses
compared to solvent (P=0.016), while compared to response determined from volatiles of C.
humilis values were marginally non-significant (P=0.058).
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Figure 2. Mean (+SE) EAG responses of RPW antennae to puff test using 1 pL of the plant
extracts tested. Columns labeled with a common letter do not differ significantly at
P<0.05 (ANOVA followed by Fisher’s LSD test).

No significant differences in the EAG responses were observed between the sexes (F1,
8=0.39198; P=0.548; ANOVA). No treatment per sex interaction was observed (F4, 32=1.2068;
P=0.32708; ANOVA).

Laboratory bioassays

The results of the behavioral bioassays carried out in experimental cages are reported
in Figure 3. Females RPWs prefer to feed on P, canariensis substrate in comparison with the T.
fortunei substrate (t=2.10; P<0.05) and the C. humilis substrate (t=2.52; P<0.02). No statistical
differences were observed in the feeding activity between the P. canariensis and W. filifera
substrates (t=0.46; P=NS).

N P
P. canariensis W. filifera 18 NS
P. canariensis * C. humilis 22 <0.01
P.canariensis ~ * T. fortunei 17 <0.01
|
100 50 0 50 100
% of RPW feeding holes in the substrates

Figure 3. Percentages of feeding holes bored by female RPWs in the tested substrates (paired
t-test).

DISCUSSION

The results described above provide evidence that P canariensis is a preferred host for
RPW, compared to T. fortunei end C. humilis, and that the VOCs emitted by the plants mediate
this preference response. On the contrary, no preference has been exhibited between P
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canariensis and W. filifera.

In particular, in EAG experiments, VOC crude extracts from P. canariensis elicited EAG
response on RPW females indicating the presence of a higher concentration of EAG active
compounds in the VOC emission of this species. This is the first report of EAG response of RPW
females to VOCs emitted from whole healthy plants. Previous studies indicate the
responsiveness of the RPW to the so-called palm esters (Guarino et al., 2013). However, these
compounds result more strongly produced from wounded palm tissues. Previous studies
evidenced the responsiveness of the RPW antennae to a broad range of compounds, some of
them reported in the VOCs from freshly cut or fermenting tissues of P. canariensis (Guarino et
al,, 2013).

Our behavioral experiments indicate a feeding preference for the P. canariensis tissues
rather than on C. humilis and T fortunei ones while no preference response was observed
comparing P, canariensis with W. filifera. This preference response of the RPW might be linked
with the quality of the substrate as important factor influencing the fitness of this pest. For
example, a previous study showed the role of the diet on the micro-biota of RPW digestive
system (Montagna et al., 2015). This aspect is particularly important in consideration that, for
wood borers such as the RPW, the symbioses with cellulose-degrading microorganisms
appear to compensate for the inability to synthesize cellulases (Muhammad et al,, 2017).

On the other hand, the possibility that the RPW adults prefer to avoid feeding in less
suitable substrates cannot be underestimated, in fact Barranco et al. (2000) observed in
forced infestation tests, that C. humilis produce a plant secretion that killed the larvae of RPW.
Furthermore, Dembilio et al. (2009) asserted that C. humilis are resistant to R. ferrugineus by
an antixenotic mechanism.

In accordance with our behavioral observations, Ju et al. (2011) reported that, based on
population growth parameters, P. canariensis and W. filifera are the more suitable hosts plants
for RPW rather than T fortunei and other palms. However, other authors observed the
presence of resistance in W. filifera toward the RPW based on antibiosis mechanism (Dembilio
et al,, 2009). In particular, a study carried out from Cangelosi et al. (2015) showed the
presence of the filiferol, a chalconoid analog, with larvicidal activity, in W, filifera leaves and
absent in other palm species such as P, canariensis and P, dactylifera. Although in our research
we did not find host preference response between the P. canariensis and W. filifera substrate,
this might be determined by the possibility that these defensive compounds could be located
only at the base of the leaves and not elsewhere (Cangelosi et al., 2015).

The results obtained in such studies suggest that P. canariensis is the most suitable host
palm for RPW. Our findings evidence a stronger antennal sensitivity to the Canary Island palm
volatiles and a higher feeding activity exhibited on P. canariensis tissues, suggesting a role of
the plant metabolites in this host finding and acceptance behavior of RPW.
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Curative treatment of red palm weevil, Rhynchophorus
ferrugineus(Olivier) in infested date palms using an
innovative fumigation technique

S.R. Al-Ballaa=
Infectious Diseases and Medical Microbiology, King Saud University, Riyadh, Kingdom of Saudi Arabia.

Abstract

The red palm weevil (RPW) Rhynchophorus ferrugineus Olivier (Coleoptera:
Curculionidae) is a key pest of date palm Phoenix dactylifera L. in the Near-East and
North Africa region. RPW infested date palms respond to curative chemical treatments
if detected and judiciously treated in the early stage of attack. However, the currently
used curative treatments, involve either excessive tissue removal of the palm around
the infested palm section (mechanical sanitization) making the palm weak and
vulnerable to toppling, injecting insecticide into the infested palms which often does
not Kill all the stages of the pest within the palm, calling for repeated applications or
fumigating the infested palm section with phosphine gas which is also not always
effective possibly due to inadequate dose and escape of the gas. A new fumigation
technique using a specially designed air tight fumigation sleeve to ensure complete
entrapment of the fumigant gas or liquid was devised and field tested on (463) infested
dates palms in various stages of attack using either aluminum phosphide tablets (3 g)
or one of commonly used insecticides that has fumigant action. The trials were
conducted in Al-Qassim, Kingdom of Saudi Arabia, during 2017-2020. The technique
was tested in both young date palms (9-12 years old) as well in offshoots (4 years old)
through a series of field trials to optimize the dose, duration of treatment. Results
revealed that 100% mortality of the larval, pupal and adult stages of the pest inside the
infested palm could be achieved within 5 days due to the fumigant action of either of
the following treatments: 15 tablets (3 g) of aluminum phosphine gas, 120 mL of
Deltamethrin 10% EC, 150 mL of Chlorpyriphos 48% EC, 150 mL of Marqgiuse™
(combination of Phoxim 15%, Cypermethrin 5% and Monosultap 20%), 150 mL of
Malathion 57% EC, 150 mL of Diazinon 60% EC or 250 mL Cypermethrin 25% EC. The
method offers a simple and curative treatment of RPW infested palms and is currently
the main treatment method used in Saudi Arabia and many other regions.

Keywords: Rhynchophorus ferrugineus, Saudi Arabia, curative treatment, fumigation,
insecticides, aluminum phosphide, mechanical injection, date palm

INTRODUCTION

The red palm weevil (RPW) Rhynchophorus ferrugineus Olivier (Coleoptera:
Curculionidae) is a key pest of date palm Phoenix dactylifera L. (Faleiro, 2006). The pest is
reported to attack 40 palm species in diverse agro-ecosystems worldwide (Giblin-Davis et al.,
2013) and likely to expand its geographical range (Fiaboe et al., 2012).

RPW is an internal tissue borer that is difficult to detect and treat. Palms in the late stage
of attack exhibit extensive tissue damage due to larval feeding. Such palms harbour several
overlapping generations of RPW and are beyond any curative treatment and have to be
eradicated. RPW infested date palms respond to curative chemical treatments if detected and
judiciously treated in the early stage of attack (Abraham et al., 1998). However, the currently
used curative treatments, involve either excessive tissue removal of the palm around the
infested palm section (mechanical sanitization) often making the palm weak and vulnerable
to toppling, injecting insecticide into the infested palms which does not always kill all the
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stages of the pest within the palm, calling for repeated applications, or fumigating the infested
palm section with phosphine gas which is also not always effective due to inadequate dose
and escape of the gas. Although, treatment of RPW infested date palms using aluminum
phosphide is widely practiced in UAE and the state of Bahrain, there is no information on the
dose and duration of treatment using aluminum phosphide to safely and effectively treat RPW
infested date palms.

In this study, treatment of RPW infested date palms using a new fumigation technique
with either aluminum phosphide tablets or one of six commonly available insecticides that
are known to passes fumigant action (Chlorpyriphos, Cypermethrin, Marqgiuse™,
Deltamethrin, Malathion and Diazinon) was extensively evaluated in the Kingdom of Saudi
Arabia with an objective to standardise the dose and duration of treatment for the safe and
effective use of each of them. The protocols adopted and results obtained are presented below.

MATERIALS AND METHODS

A series of Laboratory and field experiments were conducted by Rasheed Mohammed
Al Ballaa and Munira Mohammed Al-Hothaili Endowment fund (May the Mercy of Allah be
upon them) in Al-Qassim region of Saudi Arabia between 2017 and 2020 with an aim to
develop an effective, low-cost and easy to apply curative treatment method for control of RPW
in infested palm trees using aluminum phosphide or one of six commonly available
insecticides.

The fumigant action of those insecticides against larval and adult stages of RPW was
first assessed for mortality in the laboratory to gauge the pronounced fumigant action of
different insecticides. Here, 50 mL of concentrated insecticide was placed in an open container
inside a 1000-mL air tight glass cylinder in which adult insects and larvae were placed on the
floor of the cylinder subsequent to which the cylinder was closed.

The insects were observed every 15 min and the time to death was recorded. Only
insecticides that resulted in 100% mortality of adult weevils within 3 h were used in further
field trials (Figure 1).

Figure 1. Preliminary laboratory assays to assess the fumigant action of common
insecticides and acetone.

The field trials were carried out in 463 infested date palms in different stages of attack
by RPW using one of those insecticide or aluminum phosphide (3 g)

The trials were based on the hypothesis that “RPW needs oxygen to survive, air reaches
RPW stages within the palm tree through the feeding tunnels cavities, the tunnels are
connected to outside air and can be used to deliver fumigants”. Keeping this in view a new
fumigation protocol involving treatment of infested date palms with aluminum phosphide
tablets (3 g, 50-60% a.i.) or any of the insecticide indicated above that ensure complete
entrapment of fumigant gas was devised and field tested in 463 infested palms in various
stages, the results are reported in this study. The material and apparatus used to assemble a
gas entrapment chamber on the infested palm is depicted in Figure 2.
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Figure 2. Material and apparatus used to assemble a gas entrapment cylinder/chamber on
the RPW infested palm.

Entrapment of the phosphine gas and the fumes of other insecticides around the
infested site in the palm tree (usually the trunk) was ensured by securing a plastic wrap (4 m
long, 2 m wide, 150 microns thick) on two foam pieces (toluene diisocyanate foam
(2x0.3x0.15 m) pressure 40) encircling the palm above and below the infested site. The foam
pieces were secured around the palm trunk initially by using an adhesive tape. In case of using
aluminum phosphide, the tablets were placed directly on the palm trunk around the infested
site as per the treatment schedule mentioned in Table 1. In case of using insecticides of a
measured quantity of each insecticide was diluted with water to make a 3-L treatment
solution that was sprayed in the infested part of the trunk, about 1 m long, between the two
foam pieces as per the treatment schedule mentioned in Table 2. Subsequently, the plastic
wrap was fastened to the foam at both the ends using masking tape, which was also used to
seal both the longitudinal ends of the plastic wrap then the tightening strap was applied on
the middle of the width of the two foams and tightened to the maximum limit using the
mechanical tightening apparatus (Figure 3), the detailed treatment protocol is presented in
Table 1.

Figure 3. Preparing RPW infested palms for fumigation treatment in the field. A) Securing
foam pieces around the short-pruned palm trunk using adhesive tape; B) Placing
the aluminum phosphide tablet on the trunk (in case of using aluminum phosphide
treatment method); C) Infested palm site of the palm trunk between the two foam
pieces sprayed with insecticide treatments (in case of using insecticides); D) Plastic
wrap fastened to the foam at both the ends using adhesive tape and the tightening
straps are applied; E) Bottom of the plastic sheet compacted with soil at ground
level forming an air tight sleeve.

The technique was tested in both young date palms (9-12 years old) as well in offshoots
(4 years old), through a series of field trials to optimize the number of applications, dose,
duration of treatment and type of wrapping to entrap the gas.

The treatments protocols tested for aluminum phosphide tables are presented in Table
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2 while that for the 6 insecticide used are presented in Table 3.

Table 1. Protocol adopted to treat RPW infested date palms with aluminum phosphid.

Grass/weeds around the trunk of the palm were removed

The trunk of the palm was pruned very short to have maximum 5 c¢m frond base using a manual or
automatic saw so as to remove any palm parts that may puncture the plastic
Note: There is no need to clean the site of the infestation on the palm and remove the insect stages

Two pieces of foam were carefully installed around the trunk of the palm so that the first was at a level of
about 1.25 m above entry site of the pest and the second at a level of about 1.25 m below entry site or
at the level of the soil surface if the infestation site was low, and held the foam in place using the adhesive
masking tape

Aluminum phosphide tablets were placed around the trunk of the palm as per the treatment schedule
presented above in Table 1 near the entry site (aluminum phosphide tablets usually start emitting toxic
phosphine gas not less than 1 h after exposure to air)

In case of using insecticides a measured quantity of each insecticide was diluted with water to make a 3-
L treatment solution Table 2 that was sprayed on the infested part of the trunk, about 1 m long, between
the two foam pieces

The plastic sheet was placed neatly and quickly around the trunk of the palm so that it became two
continuous layers of plastic around the trunk and was fixed in place using the adhesive masking tape

The tightening belt (strap) was placed on the plastic sheet on the middle of the width of the foam. The
belt was then tightened so that the tightening strength reaches maximum to prevent phosphine gas from
escaping

The tightening belt was also placed around the plastic sheet on the middle of bottom foam and the belt
was tightened in the manner described above

Soil was placed above the bottom of plastic sheet and the soil was compacted

On completion of the treatment duration the plastic sheet was removed quietly and carefully after
removing the tightening belts from the top and bottom. The plastic sheet and belt can be used again
several times provided it is not punctured

Table 2. Aluminum phosphide treatment imposed in RPW infested date palms.

Number of  Severity of Distance of infestation Average age of treated palm

WO palms treated infestation from ground (cm) (years)
T1 100 Mild to severe 40-90 12
T2 50 Mild to severe 40-80 12
T3 50 Mild to severe 40-80 12
T4 25 Mild to severe 40-80 12
T5 50 Mild to severe 10-60 6
T6 10 Mild to severe 40-80 12
T7 10 Mild to severe 40-80 12

T1: 20 Tablets for 10 days applied in 3 splits of 10, 5 and 5 at 1,3 and 6 days, respectively (transparent plastic wrap); T2: 15
tablets for 10 days (transparent plastic wrap); T3: 15 tablets for 5 days (transparent plastic wrap); T4: 10 tablets for 10 days
(transparent plastic wrap); T5: 10 tablets for 5 days (black plastic wrap); T6: 5 tablets for 10 days (transparent plastic wrap);
T7: control (no treatment).
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Table 3. Insecticide treatments tested for fumigant action against R. ferrugineus infested date

palms.
No. Treatment?
™ Chlorpyriphos 48% EC, 60 mL for 10 days
T2 Chlorpyriphos 48% EC, 120 mL for 10 days
T3 Chlorpyriphos 48% EC, 150 mL for 10 days
T4 Chlorpyriphos 48% EC, 150 mL for 5 days
T5 Cypermethrin 25% EC, 150 mL for 10 days
T6 Cypermethrin 25% EC, 250 mL for 10 days
T7 Cypermethrin 25% EC, 250 mL for 5 days
T8 Margiuse™ 120 mL for 10 days
T9 Margiuse™ 150 mL for 10 days
T10 Margiuse™ 250 mL for 10 days
™ Margiuse™ 150 mL for 5 days
T12 Deltamethrin 10% EC,30 mL for 10days
T13 Deltamethrin 10% EC, 60 mL for10 days
T14 Deltamethrin 10% EC, 90 mL for 10 days
T15 Deltamethrin 10% EC, 90 mL for 5 days
T16 Deltamethrin 10% EC, 120 mL for 5 days
T7 Malathion 57% EC, 120 mLI for 10 days
T18 Malathion 57% EC, 150 mL for 10 days
T19 Malathion 57% EC, 150 mL for 5 days
T20 Diazinon 60% EC, 120 mL for 10 days
T21 Diazinon 60% EC, 150 mL for 10 days
T22 Diazinon 60% EC, 150 mL for 5 days
T23 Control: Deltamethrin 10% EC, 90 mL for 10 days without cover
T24 Control: No insecticide for 10 days

aEach insecticide was diluted with water to make a 3-L treatment solution.

The above treatments were administered by staff using protective gear including, hand
gloves, nasal mask, eye goggles and safety shoes.

In treatment T5 for using aluminum phosphide tablets (Table 2), black plastic wrap was
used to assess its impact on treatment dose and duration.

Upon completion of the treatment duration, the plastic enclosure was removed and all
treated palms were manually scrapped to remove all dead palm tissue and count the dead and
live stages of the pest including larvae, pupae and adults. Data on pest mortality (%) were
subjected to statistical analysis (ANOVA). Phosphine gas levels (ppm) were also measured
inside the gas entrapment cylinder on the palm and also outside the treated palm between 6
to 96 h after treatment using (gas alert extreme), a portable phosphine gas detector. Results
of the study are presented and discussed below.

RESULTS AND DISCUSSION

Results presented in Table 4 show that the treatment means were highly significant
(p<0.0001) indicating that aluminum phosphide treatment of RPW infested palm trees using
the innovative fumigation technique is very effective in killing all the hidden stages of the pest
when 15 tablets were used for 5 days. However, what is required is to determine the minimum
dose for the shortest possible time to obtain 100% mortality. Although the first three
treatments resulted in 100% mortality of all the three stages of the pest, either the dose or
the duration were on the higher side. In an effort to reduce the number of tablets used
(dose/palm) and duration to treat an infested palm,10 aluminum phosphide tablets for 10
days in transparent plastic wrap (T4) was not satisfactory as this resulted in several live stages
of the pest. Also, in T6 (5 tablets for 10 days with transparent plastic wrap), live stages of the
pest were detected. However, in T5, when 10 tablets were used for 5 days in black plastic wrap,
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100% mortality of the larval, pupal and adult stages was obtained (Table 4; Figure 4). It can
be inferred that the black plastic wrap made the difference resulting in 100% mortality
probably due to the longer half-life for phosphine gas in absence of exposure to light, allowing
for higher phosphine gas level maintained for longer time.

Table 4. Mortality of different stages of RPW in date palm treated with aluminum phosphide.

Treatment % Mortality? Number of insect
name Adults Larvae Pupae stages dead/alive
™ 100.00 A 100.00 A 100.00 A 5215/0

T2 100.00 A 100.00 A 100.00 A 2007/0

T3 100.00 A 100.00 A 100.00 A 2115/0

T4 94.00B 99.50 B 96.00 B 78718

T5 100.00 A 100.00 A 100.00 A 2185/0

T6 76.55 C 67.02B 100.00 A 543/108

T7 0.00D 0.00C 0.00C 0/100
p-value <0.0001 <0.0001 <0.0001

CV (%) 7.59 5.53 6

T1: 20 Tablets for 10 days applied in 3 splits of 10, 5 and 5 at 1,3 and 6 days, respectively (transparent plastic wrap); T2:
15 tablets for 10 days (transparent plastic wrap); T3: 15 tablets for 5 days (transparent plastic wrap); T4: 10 tablets for
10 days (transparent plastic wrap); T5: 10 tablets for 5 days (black plastic wrap); T6: 5 tablets for 10 days (transparent
plastic wrap); T7: control (no treatment).

aMeans with at least one letter common are not statistically significant using Duncan’s multiple range test.

Results presented in Table 5 for the different fumigant insecticides reveal that the
treatment means were highly significant (p<0.001 for larva and adult and p<0.05 for pupa)
indicating that the chemicals tested for treating RPW infested palms were very effective in
killing the hidden stages of the pest. Furthermore, 100% mortality of the larva, pupa and adult
stages of the pestinside the infested palm could be achieved within 5 days due to the fumigant
action of either 120 mL Delta methrin 10% EC or 150 mL Chlorpyriphos 48% EC or 150 mL
Marqiuse™ or 150 mL Malathion 57% EC or 150 mL Diazinon 60% EC or 250 mL
Cypermethrin 25% EC. Lowering the dose resulted in delaying mortality to 10 days in case of
Chlorpyriphos (120 mL) and Delta methrin (60 mL).
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Figure 4. Mortality (%) of RPW in infested palms treated with aluminum phosphide. T1: 20
Tablets for 10 days applied in 3 splits of 10, 5 and 5 at 1,3 and 6 days, respectively
(transparent plastic wrap); T2: 15 tablets for 10 days (transparent plastic wrap);
T3: 15 tablets for 5 days (transparent plastic wrap); T4: 10 tablets for 10 days
(transparent plastic wrap); T5: 10 tablets for 5 days (black plastic wrap); T6: 5
tablets for 10 days (transparent plastic wrap); T7: control (no treatment).
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Table 5. Mortality of R. ferrugineus in infested date palms treated with different fumigant

insecticides.
. No. of palms Mortality %

s it treated Larva Pupa Adult

T Chlorpyriphos 48% EC, 60 mL for 10 days 10 95.00a 100.00a 100.00a
T2 Chlorpyriphos 48% EC, 120 mL for 10 days 10 100.00a 100.00a 100.00a
T3 Chlorpyriphos 48% EC, 150 mL for 10 days 5 100.00a - 100.00a
T4 Chlorpyriphos 48% EC, 150 mL for 5 days 5 100.00a 100.00a 100.00a
T5 Cypermethrin 25% EC, 150 mL for 10 days 10 100.00a 100.00a 99.38a
T6 Cypermethrin 25% EC, 250 mL for 10 days 10 100.00a 100.00a 100.00a
T7 Cypermethrin 25% EC, 250 mL for 5 days 5 100.00a 100.00a 100.00a
T8 Margiuse™ 120 mL for 10 days 5 98.43a 100.00a 98.00a
T9 Margiuse™ 150 mL for 10 days 10 100.00a 100.00a 100.00a
T10 Margiuse™ 250 mL for 10 days 5 100.00a 100.00a 100.00a
T Margiuse™ 150 mL for 5 days 5 100.00a 100.00a 100.00a
T12 Deltamethrin 10% EC,30 mL for 10 days 13 98.94a 100.00a 97.14a
T13 Deltamethrin 10% EC, 60 mL for10 days 10 100.00a 100.00a 100.00a
T14 Deltamethrin 10% EC, 90 mL for 10 days 10 100.00a 100.00a 100.00a
T15 Deltamethrin 10% EC, 90 mL for 5 days 5 98.26a - 50.00b
T16 Deltamethrin 10% EC, 120 mL for 5 days 5 100.00a - 100.00a
T17 Malathion 57% EC, 120 mL for 10 days 5 93.33a - 66.67b
T18 Malathion 57% EC, 150 mL for 10 days 10 100.00a 100.00a 100.00a
T19 Malathion 57% EC, 150 mL for 5 days 5 100.00a 100.00a 100.00a
T20 Diazinon 60% EC, 120 mL for 10 days 5 87.43a - 66.67b
T21 Diazinon 60% EC, 150 mL for 10 days 10 100.00a 100.00a 100.00a
T22 Diazinon 60% EC, 150 mL for 5 days 100.00a 100.00a 100.00a
T23 Control: Deltamethrin 10% EC, 90 mL for 10 days 5 6.67b 0.00c 16.67c

without cover
T24 Control: no insecticide for 10 days 5 0.00b 0.00c 0.00c
P value <0.01 <0.05 <0.01

aEach insecticide was diluted with water to make a 3L treatment solution.
- pupal stage missing.
Values followed by the same letter in the same column are not significantly different at the P level indicated for each column.

Fumigants can often provide effective, economic control where other forms of pest
control are not feasible due to the unique characteristics and the great adaptability of the
fumigation technique (Bond, 1984). 1-2 aluminum phosphide tablets have been used to treat
RPW infested coconut and date palm (Lakshmanan et al, 1972; Subba Rao et al.,, 1973;
Vidhyasagar et al., 2000). However, there are no data on the duration of treatment and the
precise protocol adopted to ensure that there is no escape of phosphine gas after treatment.
Furthermore, inadequate sealing of the infested site on the palms results in the escape of the
phosphine gas. As in some GCC countries, in Saudi Arabia too farmers apply the fumigant
aluminum phosphide to date palms by simply wrapping plastic sheet around the palm trunk
and sealing the top and bottom of the sheath by mud or moist sandy soil, which is often
inadequate (Almansoori et al.,, 2015; Al-Ayedh and Al-Jber, 2019). El-Shafie (2019) indicated
the possibility of using curative treatment with aluminum phosphide for date palm borers
including RPW, long horn beetle, Jebusaea hammerschmidti and rhinoceros beetle, Oryctes spp.
and recommended more field work and research were needed to improve fumigation
techniques of phosphine gas and elucidate its phytotoxicity to date palm before being
recommended for the management of date palm borers. Recently an effective quarantine
protocol, with exposure period of 72 h at 25°C using ECO2FUME (EF) with phosphine
concentration of 1500 ppm has been developed for date palm offshoots against coleopteran
internal tissue borers, no phytotoxicity to date palm trees were observed in that study.
Fumigation of RPW infested date palms with aluminum phosphide is often considered
hazardous and challenging task due to the escape of poisonous phosphine gas into the
surroundings. Our studies using a portable phosphine gas detector (Gas Alert Extreme)
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revealed the detection of high levels of phosphine gas outside the plastic wrap for up to 36 h
after treatment in infested palms treated by the old method, this finding may contribute to the
limited effectiveness of the old method. In palms treated by the method developed in this
study no phosphine gas was detected outside the palm, while therapeutic levels of phosphine
gas were detected inside the plastic wrap up to 7 days after treatment ensuring complete
mortality of all pest stages.

Inappropriate treatments with aluminum phosphide could lead to enhanced levels of
resistance. Studies carried out in Pakistan recorded high resistance ratios (RRs) ranging from
63- to79-fold for phosphine (Wakil et al., 2018). This could lead to reduced effectiveness of
the chemical. Use of the insecticides tested has the advantage over the use of aluminum
phosphide for being less hazardous and that the protective effect of the insecticides against
new infestation remain long after the end of treatment.

CONCLUSIONS

The results of this study offers a curative treatment of RPW in mild-severely infested
date palms by the fumigant action of aluminum phosphide tablet and 6 other commonly
available insecticides (Chlorpyriphos, Cypermethrin, Marqiuse, Deltamethrin, Malathion and
Diazinon) using a specially designed air tight fumigation sleeve placed around the infested
section of the palm trunk. This technique also offers a more effective and less damaging
alternative to the mechanical sanitization and injection techniques currently used to treat
RPW infested palms, and should replace them.
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Abstract

In this article, we provided current information on developing, use of new nano
bio-insecticide of Metarhizium anisopliae as components of integrated pest
management strategies for control of RPW. The effect of Agnique PG9116 at 1%
concentration gave 87.5% germination while at 5% surfactant Emereen1604 gave 70%
conidia germination. Sunflower and glycerin gave 49.13 and 44.13% growth rate at 1%
concentration, respectively. Palm oil at 5% concentration showed a 56.88% growth
rate. At 10% concentration of oils, soy bean and glycerin gave 48.63 and 45.38% growth
rate, respectively. Four ternary phase diagram systems were constructed. All the
formulations were stable under centrifuge, storage at 26+1°C, and 54+1°C for two
weeks. Three formulations were in the range below <100 nm sizes, indicating that the
formulations were in the category of the nanoemulsion. The zeta potential of the
formulations ranged between -7.22 to -39.06 mV, the surface tension ranged from 32.03
to 37.90 mN m-1, and the viscosity ranged from 2.40 to 28.8 mPas. The formulation
coded as E1604 gave the LTso of 4.90 days while the water suspension gave LTso of 6
days. On adults, the LTso was 2.20 days while the water suspension was 5 days. The
E1604 recorded 100% cumulative mortality after 6 and 4 days on larvae and adults,
respectively. Effect of oil nano-formulations on the conidia germination on the cuticle
of R. ferrugineus was also observed, and after 20 h, the E1604 showed 55% germination
compared to water suspension of 49.8%. The formulation E1604 showed the most
extended germ tube of 41.34 pm and full penetration while the water suspension gave
5.28 um length of a germ tube. The oil nano-emulsion of M. anisopliae conidia shows
good potential for the sustainable control of both adults and larvae of R. ferrugineus.

Keyword: nanoemulsion, M. anisopliae, R. ferrugineus, conidia, SEM

INTRODUCTION

The red palm weevil is a destructive phytophagous insect, infesting explicitly palm trees.
It is a challenging problem around the globe due to its harmful feeding habits within palm
trees and further threats to ornamental and other date palm species (Navarro-Llopis et al.,
2015). The RPW rapidly spread to date palm-growing countries during the past two decades.
It affects more than 20 palm species (Barranco et al., 2000). The studies show red palm weevil
as a pest of palm trees, especially the economically significant coconut, C. nucifera, and the
sago, Metroxylon sagu (Idris et al.,, 2014). In the recent decade, red palm weevil (RPW) R.
ferrugineus has become a noxious pest of coconut and date palm trees in most Asian countries.

The widely used control methods for this aggressive pest are chemical insecticides such
as Phosmet, Imidacloprid, Diazinon, and Phosphine (Llacer et al., 2010; Llacer and Jacas,
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2010). Non-judicious and over-reliance on pesticides have resulted in resistance, resurgence,
and outbreaks of new insect pest species. There has been a continuous ongoing endeavor to
reduce harmful effects of these pesticides, either by the development of more targeted
compounds that exhibit fewer side effects, abandon of highly hazardous chemicals, or by the
development of non-chemical methods of pest management (Gill and Garg, 2014). The
functional utilization of biological agents as pesticides have efficiently delivered satisfactory
results in reducing the incidences of insect pests, weeds, and diseases for many years. Several
entomopathogenic agents have been documented (Gindin et al., 2006).

Metarhizium anisopliae Metchnikoff (Hypocreales: Clavicipitaceae) is a fungal pathogen
that causes disease in different arthropod pests, and it can be employed as a biological control
candidate to control this severe pest. An introduction of M. anisopliae has displayed a great
ability to control this pest and was found to be the main pathogen against it through using the
proper formulation and application method (Francardi et al., 2013). It is also suggested that
the fungi could spread infecting healthy insects of R. ferrugineus by horizontal transmission
as the insect is highly promiscuous and live in aggregation (Francardi et al., 2013). It possesses
a high rate of germination and is responsible for the production of various enzymes that may
result in insect toxins but is not infectious or toxic to mammals(Kurouski et al., 2012).
Although entomopathogenics play a vital part in pest management, they are still facing many
challenges about improving the efficiency of these insect-microbial pesticides formulation,
shelf life, and compatibility with the environment. Therefore, improving the conidial
formulation of M. anisopliae is an indispensable step to optimize its biological control strategy.
It has been well documented that the oil in water emulsion enhances the efficacy of
entomopathogens against various insects in controlled and uncontrolled conditions (Polar et
al.,, 2005).

The oil formulation of the Citoweet oil enhanced the fungal virulence on Eurygaster
integriceps (Sedighi et al., 2013). Also, the oil formulations are useful in strengthening the
transfer of conidia to the areas of the thinner cuticle (Ibrahim et al., 1999). Similarly, these bio
fungicides ensure the more exceptional ability of adherence to the host body and the
combination of oil and conidia further assists in protecting the fungus against fast dehydration
in low-humidity environments, high temperature (Hueston et al., 1995) and ultraviolet
radiation (Bateman and Alves, 2000). The preference thus has been given to the use of oil-
based formulations fungi that are effective in controlling various arthropods in laboratory and
field conditions (Batta, 2003). The oil-based formulation of Beauveria bassiana has reported
little effect on RPW (Abdel-Samad et al,, 2011) in comparison with M. anisopliae that shows
the highest efficacy against RPW larvae and adults (Francardi et al., 2013, 2016).

The oil-based formulations of M. anisopliae were more effective than aqueous
suspensions against eggs, larvae, and engorged females of Rhipicephalus microplus (Camargo
et al.,, 2012). The mycopesticide containing M. anisopliae has been developed worldwide to
control numerous insect pests including R. ferrugineus. However, there is a lack of information
on the M. anisopliae formulated as an oil emulsion for the control of RPW (Francardi et al.,
2016). Therefore, this study was designed to expand the knowledge on a specific
entomopathogenic fungus M. anisopliae, and to examine a novel approach in preparing oil
nano-emulsions formulations as a microbial biopesticide and observe the biological efficiency
of the prepared and tested formulations against RPW.

MATERIALS AND METHODS

Oils and surfactants

Four different surfactants were used in this study, as mentioned in Table 1 with their
supplying source. Seven oils such as canola oil, corn oil, glycerin oil, palm oil, sunflower oil,
sesame oil, and soy bean oil were also used as carriers. The water was obtained from the ultra-
purification system. Agnique PG9116, Emereen 1604, Tensiofix 96DB10, and Tensiofix 96B8
were used as the surfactant phase. The conidia of M. anisopliae were used as an active
ingredient.
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Table 1. Ingredients used to observe the effects of the surfactants and oils.

No. Compounds Trade names Classes supplier/company

1 Alkyl polyglycoside Agnique PG9116  Nonionic Surfactant Congis Olechmicals (M) Sdn.
2 Castor Oil Ethoxylate 40 EO Emereen 1604  Nonionic Surfactant Emery Olechmicals Malaysia
3 N/A Tensiofix DBO8  Nonionic Surfactant Tensiofix Agrochemical Belgium
4 N/A Tensiofix-96 DB10 Nonionic Surfactant Tensiofix Agrochemical Belgium
5 N/A Canola Oil Local Market, Malaysia

6 N/A Corn Oil Local Market, Malaysia

7 Propanetriol Glycerin Oil Qrec quality reagent chemical product

8 N/A Palm Oil Local Market, Malaysia

9 N/A Safflower Oil Local Market, Malaysia

10 N/A Sesame Oil Local Market, Malaysia

" N/A Soybean Oil Local Market, Malaysia

12 Conidia N/A Active ingredient

Effect of oils and surfactants on the conidial viability of M. anisopliae

The direct plating technique was used to determine the conidia viability of different
surfactants. The procedure of Sandrin et al. (2003) was followed regarding the selection of
different compositions. Thus, three compositions of oils and the surfactants (1, 5, and 10%)
were used and mixed with 10¢ spores mL-! fungal suspension (Sandrin et al., 2003). From the
prepared solution, 200 pL was sprayed in a petri dish (60x15 mm) containing Ypss medium.
The pH was adjusted to 7+1 and incubated at 26+1°C. The evaluation of germination was
assessed after 24 h and the conidia germination was examined using a microscope at 100x
magnification and 200 conidia were counted from each plate. The conidia were considered
germinated successfully; when the length of the germ tube was as long as conidia width.

Effect of the surfactants on the larvae and adults of R. ferrugineus

In selecting the larvae of R. ferrugineus for a present experiment, the instruction given
by Dotaona et al. (2015) was followed in this experiment. The effect of the surfactants on the
larvae and adults has been determined by preparing three different concentrations of
surfactants such as 1, 5, and 10%. Both larvae and adults were collected from the larvae
rearing boxes and then shifted into the new boxes containing sugarcane and sugar solution.
Approximately 3 mL of the surfactant solution was sprayed on each treatment and incubated
for ten days under laboratory-controlled conditions 26+1°C, 70+5% RH. The mortality of
insects was monitored during this period. The experiment was carried out with a total of 16
larvae per treatment, and each treatment was replicated four times. However, the control
treatment was sprayed with sterilized distilled water, as suggested by previous researchers
(Gindin et al,, 2006; Mwamburi et al., 2015).

Effect of the oils on the larvae and adults of R. ferrugineus
Seven oil (Table 1) were used to observe their effect on the R. ferrugineus larvae and
adults the procedure was determined as described earlier.

Preparation of oil nanoemulsion formulation
Several parameters have been chosen to prepare the oil nanoemulsion of M. anisopliae
conidia, as mentioned below in detail.

Miscibility test pre-formulation

The selection of the ingredients was made based on the miscibility among the oil,
surfactants, and water to prepare the oil emulsion (Table 2). Two mL of each ingredient
mixture was mixed then vortexed for a proper time to determine the miscibility. A similar
procedure was repeated four times. The miscibility standards were based on optical
transparency and phase transition of the mixture.
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Table 2. Surfactants, glycerin and water grouped in different combinations for phase diagram
construction.

Group  Surfactant Oil phase Aqueous phase

1 Agnique PG9116  Canola Water
2 Agnique PG9116 Corn Water
3 Agnique PG9116  Glycerin Water
4 Agnique PG9116 Palm Water
5 Agnique PG9116  Sunflower Water
6 Agnique PG9116  Sesame Water
7 Agnique PG9116  Soybean Water
8 Emereen 1604 Canola Water
9 Emereen 1604 Corn Water
10 Emereen 1604 Glycerin Water
11 Emereen 1604 Palm Water
12 Emereen 1604  Sunflower Water
13 Emereen 1604 Sesame Water
14 Emereen 1604  Soybean Water
15 Tensiofix 96 B08 Canola Water
16 Tensiofix 96 B08 Corn Water
17 Tensiofix 96 B08  Glycerin Water
18 Tensiofix 96 B08 Palm Water
19 Tensiofix 96 BO8  Sunflower Water
20 Tensiofix 96 B08  Sesame Water
21 Tensiofix 96 B08  Soybean Water
22 Tensiofix 96 DB10  Canola Water
23 Tensiofix 96 DB10 Corn Water
24 Tensiofix 96 DB10  Glycerin Water
25 Tensiofix 96 DB10 Palm Water
26 Tensiofix 96 DB10  Sunflower Water
27 Tensiofix 96 DB10  Sesame Water
28  Tensiofix 96 DB10  Soybean Water

Construction of ternary phase diagram

A mixture of oil, surfactants, and water was used to construct the ternary phase
diagrams by the aqueous titration method (Shafiq et al., 2007). Oil phase and surfactant were
mixed at the weight ratios (w/w). Appropriate amounts of surfactant and carrier according to
the ratio were weighed for a total of 0.5 g into a 7-mL tube the mixture was vortex to achieve
equilibrium. The mixture in which the emulsion phase formed was used to determine the
phase domains, including isotropic, monophase, and phase or triphase. Each sample was
assessed visually for spontaneous emulsification based on clarity, stability, and transparency.
The observation of samples and experimental measurements were performed at room
temperature of 26+1°C. All the phases diagram systems were characterized according to their
ratios (oil, surfactant, and water).

Characterization of oil nano-emulsion formulation

1. Stability of formulations under centrifugation.

The procedure prescribed by Baboota et al. (2007) and Shafiq et al. (2007) was used in
the centrifugation test. The selected formulations were centrifuged at 3500 rpm for 30 min.
The formulations were kept at room temperature (26+1°C) without any phase separation for
not less than two days.
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2. Stability of oil emulsion formulations under storage conditions.

The formulations that passed the centrifuged test were subjected to the storage test at
room temperature of 26+1°C for three months and under high temperature of 54+1°C for two
weeks (Roland et al., 2003).

3. Particle size and zeta potential measurements of emulsion.

The particle size of the emulsion and zeta potential of the formulation samples were
executed by a Zeta Sizer Nano-ZS (Malvern, UK). A total of 16 samples of emulsions were
analyzed; each sample of one emulsion was run four times, as described by Rodrigues et al.
(2014). The analyses were carried out in the completely automatic mode with three replicates,
and each sample was analyzed three time.

4. Surface tension measurement of emulsions.

A tension meter (Tensiometer K6: Model KRUSS, UK) was used to measure the surface
tension of the emulsion samples. The technique that followed in this test was the Du Niioy ring
immersing method (Green et al., 2003).

5. Viscosity measurement of emulsions.

The viscosity of the emulsion formulations was determined by using approximately 20
mL of the formulation was filled into the sample container of the viscometer (Model
RheolabQC). The procedure that followed in this test was described by Roland et al. (2003).
Each run was repeated four times.

6. Toxicity of the oil nano-emulsion formulations against R. ferrugineus.

The nano-emulsion formulations have investigated the effectiveness against R.
ferrugineus, and eight different nano-emulsion formulations were used (Table 2). The insects
were removed from the feeding boxes before spray with M. anisopliae nano-emulsion
formulations. The formulations were prepared with a concentration of 107 spores mL-1. The
mortality of the treated larvae and adults was monitored after every two days for 18 days
(Gindin et al., 2006; Alves et al., 2002). The experiment was conducted with four treatments,
and each treatment was replicated four times, with a total of 40 adults for each treatment, and
an equal number of males and females (55+5%) were used. The control (water suspension
107) treatment was performed with four replicates with a total of 40 adults, and an equal
number of males and females (57+5%) were used.

Infection process of M. anisopliae to the larvae and adults of R. ferrugineus

Random specimens were chosen from the toxicity experiment for observation with LEO
1455 VP SEM attached with EDX scanning electron microscope. After 20 h of spraying the
specimens were processed to SEM procedure (Moino et al,, 2002).

Statistical analysis

The bioassay was conducted in a complete randomized design (CRD). Median lethal
time of the larvae and adults, LT2s, 50, and 75 for Ag9116, B08, B10, and E1604, formulations
were determined using probit analysis was computed using SAS version 9.4.

RESULTS AND DISCUSSION
Effect of surfactants and oils on R. ferrugineus larvae and adults

The results in (Tables 3) showed that there was no effect of the surfactants and oils
against the RPW larvae as well as adults at three prepared concentrations of 1, 5, and 10%.
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Table 3. Effect of surfactants and oils on R. ferrugineus larvae and the adults after exposure
to three different concentrations.

Stage of insect/concentration
Surfactants/oils Larvae Adults
1% 5% 10% 1% 5% 10%
Agnique PG9116  No No No No No No
Emereen 1604 No No No No No No
Tensiofix DB08 No No No No No No
Tensiofix96 DB10  No No No No No No

Canola No No No No No No
Corn No No No No No No
Glycerin No No No No No No
Palm No No No No No No
Safflower No No No No No No
Sesame No No No No No No
Soybean No No No No No No

Table 4. Viability of M. anisopliae conidia in different oils.

Germination (%)/compositions (%)

ol Mean SE(1%)  Mean#SE (5%) Mean % SE (10%)
Canola 11256147 7502167 12.88+2.62
Corn 11.752.21 8.38+1.39 115042.57
Gycerin  44.13+8.66 11.75+1.64 45.383.20
Palm oil 35.2543.45 56.88:£4.27 30.5042.38
Sesame  11.2582.01 8.13:+1.56 6.88:+0.58
Soybean  36.75+3.44 36.00:£4.85 4863472
Sunflower  49.13+2.08 38,2542 46 43254317

Miscibility test of the inert ingredients

The results obtained from the miscibility test between oil, surfactants, and water were
classified into three classes (transparent with one phase, gel, and turbid). The obtained results
are shown in Table 5. The surfactants Agnique PG 9116 and Emereen 1604 were miscible with
glycerin. The surfactants Tensiofix 96 DB08 and Tensiofix 96 DB10 were turbid.

Table 5. Miscibility test between oils and surfactants used based on spontaneous

emulsification.
Surfactant Canola Corn Glycerin Palm Soybean Sunflower Sesame
Water
Agnique PG9116 ik wx ¥ ok o o o
Emereen 1604 *kkk m \/ *k% *kkk *kkk *kkk
Tensiofix 96 DB08 sk Kk ok - ok - o
Tensiofix 96 DB10 hx L * Hxkk Kkkk wkkk .

*Turbid; **Gel; *** 2 Phases; **** Cream v Transparent with one phase.

Thermo stability test of nanoemulsion formulations

All the formulations were observed stable and homogenized because no phase
separation was detected under the temperature of 26+1°C and 54+1°C for three months and
14 days’ storage, respectively (Table 6). The main purpose of this experiment was to find a
thermodynamically stable and dilutable nanoemulsion system of glycerin with minimum
surfactant percentage that could improve its solubility, stability, and shelf life.
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Table 6. Stability test of nano-emulsion formulation with centrifugation at a storage
temperature of 26 and 54°C.

No. Formulation Stability under centrifuge Stability under 26£1°C Stability under 54£1°C
1 Ag9116 V4 V4 V4
2 E1604 v v v
3 B08 v v v
4 B10 v v v

Ternary phase diagram of nano-emulsion system study

The phase diagram of Agnique PG9116/glycerin/water system provided the largest one
phase region of 83% (Figure 1A) that showed the system consists of one phase nano-emulsion
in all compositions of surfactant and the oil. Meanwhile, the smallest one phase region of 25%
was noted in the phase diagram of Tensiofix DB08/glycerin/water system. The large isotropic
region of the phase diagram obtained from Agnique PG9116 exposed that it was easily
dissolved due to Alkyl polyglycoside surfactant which was miscible in glycerin and water. A
ternary phase diagram for Emereen 1604 /glycerin/water system provided a 79.5% isotropic
region of the system (Figure 1B). The isotropic region obtained in this system when the
percentage of Emereen 1604 was 10-78% W /W, the percentage of glycerin was 10-90% w/w
and the composition of water was 23-88% W /W, respectively. In Figure 1C a ternary phase
diagram has been presented for the Tensiofix DB08/glycerin/water system which provided
58% isotropic region of the system. However, the separation into two phases occurred when
water composition was 10.23% W/W of the system. Nano-emulsion gel area was observed
when water composition was 12.43% W/W. The phase diagram system shown in Figure 1D
presents the phase diagram for Tensiofix DB 10/glycerin/water system. This system provided
25% isotropic region, 5% two phases, and nano emulsion gel area was 10% of the system. The
separation into two phases occurred when water composition was 10.19-27.56% W /W. Nano-
emulsion gel area occurred when water composition was 27.56 and 38.17% W/W.

Particle size and zeta potential

The result indicated that there was a significant difference was observed (p<0.05)
between the formulations. The results (Table 7) of particle size analysis showed that three
formulations out of four were in the range below <100 nm except formulation Ag9116 with a
range of 102.10 nm. The smallest particle size was detected in formulation W70 with 19.53
nm. E1604 and B08 were with a reading of 19.94, and 22.79 nm, respectively. The zeta
potential of the formulations was ranged between -7.22 to -39.06 mV. However, formulation
Ag9116 -39.06 was the highest value as compared to other formulations. Meanwhile,
formulation B08 obtained the lowest zeta value -7.22 mV.

Surface tension measurement of emulsions

The results regarding the values of surface tension for the formulations tested are
shown in (Table 8). All the formulations showed significantly lower surface tension in the
range of 32.03 to 41.83 mN m-! as compared to the control (water) treatment (=70.20 mN m-1)
at the room temperature of 26+1°C. Formulation Term1284 showed the highest surface
tension of 41.83 mN m-! as compared to other formulations and the lowest surface tension
was at the formulation of Ag 9116 with 32.03 mN m-1.

Viscosity measurements of emulsions

The low viscosity characteristics of the surfactant will allow the droplet to spread more
on the leaf surface. Viscosity measurements showed that all the formulations gave low
viscosity, the values ranged from 2.40 to 28.8 mPas. The formulations Ag9116 and B08
presented the lowest viscosity values with 2.40 mPas and the highest value obtained by
formulation B10 with 28.8 mPas (Table 8).
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Figure 1. A) Phase diagram of Agnique PG9116/glycerin/water system presents one-phase
region of 83%; B) Phase diagram of Emeree1604/glycerin/water system shows
79.5% isotropic region; C) Phase diagram of Tensiofix DB08/glycerin/water
system presented 58% isotropic region and 12% nano gel; D) Phase diagram of
Tensiofix DB10/glycerin/water system 25% isotropic region, 5% 2 ph and 10%
nano gel.

Table 7. Mean particle size and zeta potential of the formulations.

No.  Formulation Particle size (nm) Zeta potential (mV)

1 Ag9116 102.10a -39.06a
2 E1604 19.94e -25.80b
3 B08 22.79% -71.22d
4 B10 69.81¢c -18.16¢

Table 8. Surface tension values of nano-emulsion.

No.  Formulation Surface tension (MmN m-!) Viscosity value (mPas)

1 Ag9116 32.03 240
2 E1604 37.90 6.00
3 BO8 36.70 240
4 B10 34.10 28.8

Toxicity of the oil nano-emulsion formulations against R. ferrugineus

The results in Tables 9 and 10 show the analysis of probit of larvae and adults of R.
ferrugineus after exposure to the formulated conidia of nano-emulsions of Ag 9116, E1604,
B08, B10, and unformulated conidia (control). The highest mortality in larvae treatments was
at the formulation W1604 which gave at LT, LTso, and LT7s, 3.20, 4.90 and 6 days, respectively.
Whereby the larvae were exposed to a water suspension of M. anisopliae conidia was less
effective against the larvae and gave at LTz, LTso, and LT7s5, 6, 6 and 8 days, respectively.
However, in the adults test the rapid death was recorded among all formulations that indicated
LT20>2 days, LT50=2.20 and LT75=3.80 days at formulation E1604. Meanwhile, in unformulated
conidia the death was at LT20=3.80, LTs0=5 and LT75=6.20 days, respectively. The results
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showed that the formulation E1604 showed the best effectiveness against the larvae and
adults of R. ferrugineus because when the time decreased the mortality was increased. The
effect of formulations on the conidia germination appeared after 20 h of the application on
the cuticle of R. ferrugineus (Table 11). It was observed that the formulation E1604 showed
the lowest effectiveness on the conidia activity with germination percentage of 55.80%. The
formation was achieved after 20 h in the longest germ tube (41.34 um) and full penetration in
the cubicle of the R. ferrugineus among all the formulations. However, the control treatment
achieved 49.80% conidia germination, and the formation was achieved after 20 h in the
shortest germ tube with 5.28 um and full penetration in the cuticle of R. ferrugineus.

Table 9. Mortality time analysis of R. ferrugineus larvae after exposure to four different nano-
emulsion conidial formulations 107 conidia mL-1.

. LTs, day 95% fiducial
Formulations b * SE X2 25 50 75 limits
Ag9116 0.25+0.04 3464 10 1240 15 0.17-0.34
E1604 0.61+0.12 2422 320 490 6 0.37-0.86
B08 0.19+0.04 1580 13 m m 0.09-0.28
B10 0.20+£0.04 2049 12 15.40 m 0.11-0.29
Control 0.32+0.05 35.59 4 6 8 0.21-0.42

b = slope of regression line; SE = Standard error; x2 = computed chi-square to indicate goodness-of fit
regression line; LTso = median lethal time in days; m = need more time than 18 days.

Table 10. Mortality time analysis of R. ferrugineus adults after exposure to four different
nano-emulsion conidial formulations 107 conidia mL-L.

. ) LTso day 95% fiducial
Formulations b £ SE X 25 50 75 limits
Ag9116 0.12+0.03 12 820 1360 18 0.05-0.20
E1604 041£0.15 7.25 L 2.20 3.80 0.11-0.72
B08 0.13£0.06  4.66 m 15 m 0.01-0.25
B10 0.18+£0.06  7.28 m 18 m 0.04-0.31
Control 0.574£0.14 16.59 3.80 5 6.20 0.29-0.85

b = slope of regression line; SE = standard error; 2 = computed chi-square to indicate goodness-of fit regression
line; LTso = median lethal time in days; L = less than 2 days needed; m = need more than 18 days.

The results obtained from SEM study showed that the formulations enhanced the
germination and produce the germ tube in comparison with the control treatment. Besides
that, the fungus germ tubes were well preserved in the specimens. Thus, it was observed that
the conidia were cabbala to adhere to all the body parts and body region with stronger cuticle
such as the sheath wings and the head which was less responsive to alterations comparing
with joining parts. There was a significant difference between the formulations in adults
Figure 2 (1-5) and larvae Figure 3 (1-5) treatments, respectively.

Table 11. Germ tube of M. anisopliae characterization after 20 h of treatment with the nano-
emulsion formulations.

Formulations % Germination of  Formation Germ tube Penetration
conidia after20 h  after20 h  length after 20 h um after 20 h

Ag9116 4510 Formation 6.20 No penetration
E1604 55.80 Formation 41.34 Full penetration
B10 No germination No formation n No penetration

BO8 No germination No formation n No penetration
Control 45.90 Formation 5.28 Full penetration
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Figure 2. 1) SEM micrograph of the treatment adult by the formulation of 1604; a)
germinated conidia; b) germ tube; c) germination of a germ tube into the cuticle of
R. ferrugineus growth of germ tube after 20 h; 2) SEM micrograph of the treatment
adult by the formulation Ag 9116; a) the germinated conidia; b) growth of the germ
tube after 20 h; 3) SEM micrograph of the adult treatment by the formulation of
B08; a) conidia of M. anisopliae not germinated; b) conidia adhered to the seta after
20 h; 4) SEM micrograph of the treatment adult by the formulation of B10; a)
conidia of M. anisopliae not germinated after 20 h; 5) SEM micrograph of control
treatment adult; a) germinated conidia of M. anisopliae; b) germ tube penetrates
the adult cuticle of R. ferrugineus after 20 h.

Furthermore, it was noticed that a thickening of the edge of the germ-tube describing
the development of appressoria was recognized during the penetration by the fungus. M.
anisopliae was often found developing locally dense hyphal colonies at the cuticle surface of
R. ferrugineus as shown in Figure 4 in the adults’ treatment and was shown in Figure 5 atlarva.
Each conidium normally performed only one germ tube. Nevertheless, there was a difference
in its length, and earlier to appressoria formation some conidia performed long germ-tubes.
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Figure 3. 1) SEM micrograph of the larva treated by the formulation Ag 9116; a) the
germinated conidia; b) growth of the germ tube after 20 h; 2) SEM micrograph of
the larva treated by the formulation 1604; a) adhered germinated conidia; b) germ
tube with full formation; c) germ tube penetration the cuticle after 20 h; 3) SEM
micrograph of the larval treatment by the formulation of B08; a) conidia of M.
anisopliae not germinated after 20 h; 4) SEM micrograph of the larval treatment by
the formulation of DB10; a) conidia of M. anisopliae not germinated after 20 h; 5)
SEM micrograph of the larva treated by water suspension (control treatment); a)
the germinated conidia; b) growth of the germ tube after 20 h.

Figure 4. Toxicity of the best four formulations on R. ferrugineus adult after applied the oil
nanoformulation of M. anisopliae conidia (A) healthy adult of R. ferrugineus before
the treatment, (B) infected adult of R. ferrugineus with M. anisopliae after the
treatment.
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Figure 5 Toxicity of the best four formulations on R. ferrugineus larvae (A) healthy larvae
before treatment with M. anisopliae oil nanoformulation (B) changing the color to
dark (C) appear the mycelium out of the body (D) covering the larva body with M.
anisopliae conidia.

The results of the present study showed that the ingredients (oils and surfactants) used
to prepare and formulate oil nano-emulsion of M. anisopliae were non-toxic for M. anisopliae
conidia. Many studies mentioned that non-ionic surfactants are considered harmless and less
toxic to living organisms such as insects, plants, and animals (Jin et al,, 2008; Azeem et al,,
2009). Azeem et al. (2009) suggested that nonionic surfactants be chosen as they are less toxic
than anionic and cationic surfactants. Moreover, the results suggest that the oils effectively
enhanced the conidia germination and it could act as synergists for improving the efficiency
of M. anisopliae (Azeem et al., 2009). The increase in the rate of germinated conidia occurred
because the glycerin was non-inhibitory oil and may supply the necessary nutrients or
provide effective surroundings to keep the conidia (Becker et al., 2019). Ibrahim et al. (1999)
investigated that the conidia of M. anisopliae formulated in oils frequently germinated over
the surface of insect and plant cuticles contrasted with aqueous suspension (Ibrahim et al.,
1999). In another study, dry conidia of M. robertsii and M. pingshaense were formulated in
emulsifiable oil, earlier blending with water increased the germination of the conidia to 21%
compared to the non-formulated conidia (Xavier-Santos et al., 2011).

The findings of the ternary phase diagram system presented a large isotropic region.
These results may be due to the use of nonionic surfactants, the physico-chemical properties
of surfactants possess the ability to mix oil with water by decreasing the inter facial tension
between water and oil (Sharma et al., 2016.) The surfactant composition affects the
stabilization and droplets size of the emulsion (Bernardi et al., 2011). The best weight ratios
of oil and surfactant were determined by their miscibility with water. These results are in line
with Bouchemal et al. (2004) and Azeem et al. (2009) who stated that the nano-emulsion
requires a minimum surfactant ratio of 20% in the formulation of the nano-emulsion (Azeem
etal, 2009; Bouchemal et al., 2004). Stability tests are needed due to their predictive capacity
as formulations are subjected to situations designed to promote changes that may happen
under market conditions (Ribeiro et al., 2015).

Thermodynamic stability presents long shelf life to the nano-emulsion formulation as
compared to conventional emulsions (Azeem et al., 2009). Since particle size interferes with
coalescence and flocculation determination of zeta potential and particle size is the necessary
method that can be employed to evaluate the stability of the colloidal system (Ribeiro et al.,
2015). The particle size for the four formulations remained in the range of nanoscale with 200
nm in size that characterizes a nano-emulsion. Morales et al. (2003) found that the nano-
emulsion droplet sizes increased by reducing surfactant/water ratios at fixed oil percentage
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or by increasing oil/water percentage at fixed surfactant. Tadros (2006) stated that if the
particle size of an emulsion is less than 80 nm, it gets superior characteristics compared to
conventionally sized emulsions including optical transparency, high colloidal stability, and a
large inter facial area to volume ratio (Tadros, 2006). Wooster et al. (2008) found that the
particle size of the emulsion decreases with the increase of surfactants percentage.

Besides, the measurement of zeta potential provides evidence of the inherent stability
of the nano-emulsion system. Shanmugam and Ashokkumar (2014) reported that the value of
zeta potential between -25 to -30 mV is already enough to produce an energy boundary
between the particles by avoiding unnecessary coalescence. The appearance of negative
charge in zeta potential values suggests the presence of anionic particles on the surface of
these emulsion droplets. The surface tensions detected were considerably similar for the
formulations. The lower surface tension in oil nano-emulsion formulations is advantageous
for the improvement of spreading, wetting, and penetration of the oil nano-emulsion (Tadros,
2006). The lower surface tension value allows the insecticide droplet particles to penetrate
and spread evenly on the leaf surface with smaller contact angles during applications. The
decrease in the surface tensile value of all the formulations in this study describes the reaction
of surfactant and oil in reducing the surface tension of the formulations. It was noted that the
centrifugation did not influence phase separation and cracking in all the formulations. Azeem
et al. (2009) stated that the solubility of the surfactant with oil is a significant factor in
preparing nano-emulsion formulations. Bouchemal et al. (2004) reported that surfactant and
oil miscibility could give a primary indicator of the possibility of nano-emulsion formation.

The results showed dilution prepared the solubilization capability of the concentrates
with water, which shows this system is highly proper for effective agrochemical delivery. To
manage the formulation decision, perception regarding spray droplet and the propagule of
entomopathogenic interaction with the host surface could assist. If particles adhere to the
host surface, the droplet must be capable of wetting the host surface. Generally, for a solid to
be wet by liquid the surface tension of the liquid must be lower than the surface energy of the
solid. Therefore, any prepared formulations must have low surface tension for successful
results. Dynamic surface tension is necessary for spray applications because through the
spraying the droplet-forming process, new droplet surfaces are continually being formed and
the surfactant must disperse to the surface to reduce the surface tension (Jackson et al., 2010).
Du et al. (2016) reported the wetting, spreading, and penetrating could be increased by the
low surface tension of the whole system. The oil viscosity, the surfactant hydrophilic-lipophilic
(HLB), and miscibility with water represent the critical parameters in determining the quality
of the final nano-emulsion achieved through processes of spontaneous emulsification.
Similarly, Bouchemal et al. (2004) stated that the combination of the oils and surfactants
phase is highly imperative to obtain and to characterize the spontaneous nano-emulsion
formulations. Furthermore, if the miscibility between surfactants, oil mixture, and water is
good the kinetics of spontaneous emulsification are greatly expressed.

The results confirmed the materials used to prepare nano-emulsions formulations were
not toxic for R. ferruginous in different concentrations. Despite this, the mixture of surfactants
and oils with M. anisopliae achieved high toxicity under lab conditions against RPW. Due to,
the effect of environmental factors on entomopathogenic fungi the formulation of the
entomopathogenic is a good technique to overcome this issue (Ment et al.,, 2010). In the
present study, nano-emulsion formulations of M. anisopliae conidia were found to cause
disease and death of R. ferrugineus larvae and adults. There are many mechanisms of M.
anisopliae response of the insect death in this regard. Butt et al. (2013) reported that one of
the potential mechanisms that may ultimately influence the mortality of the host is the
activation of apoptotic pathways (involving caspase enzymes) by releasing proteases through
the conidia of the fungus. Moreover, one of the hypotheses suggested that the mechanism of
killing of M. anisopliae is to produce a family of destruxin, which could be responsible for the
paralysis and death in the insect (Hinaje et al., 2002).

The mechanism of M. anisopliae begins with spore adhesion, germination, and
penetration of the germ tube through the insect cuticle. Similarly, Moino et al. (2002) and
Giierri-Agull6 et al. (2010) did a SEM study of B. bassiana and M. anisopliae infected with
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termite H. tenuis and R. ferrugineus which showed adhesion and penetration structures of
these fungi. The other studies also described that M. anisopliae conidia germinated within 72
h post-infection and penetration of germ tube occurred 48-72 h post-infection (Moino et al,,
2002). The fungus typically invades the insect through areas that are not strongly hard, such
as the inter segmental joints, mouth parts, and also spiracles as these regions provide
conditions of high humidity which are convenient for germination and development of the
fungus (Butt et al., 2013). Similarly, the results of the recent study showed that the fungus
invaded the insect through the rostrum parts. Kershaw et al. (1999) studied the mode of
action of destruxins in the pathogenicity of M. anisopliae for three insect species. They
suggested that at least two possible virulence strategies existed between their isolates such
as 1) a toxin strategy in which the M. anisopliae has limited growth in the insect hemolymph
and produces destruxins in satisfactory quantity to kill the host; 2) a growth strategy in which
an isolate of M. anisopliae presents plentiful growth in the hemolymph which creates a
disruption of homeostasis and starvation leading to insect death. Both of these strategies may
exist with the fungus examination in the present study. The low toxicity of the glycerine oil,
the Emereen 1604, Tensiofix 96DB10, Tensiofix 96DB08 Agnique PG9116 against R.
ferrugineus larvae and adults in the present study because it is short-chain oil (Becker et al.,
2019). Moreover, many studies reported the nonionic surfactants are low toxicity to mammals
and plants (Setya et al., 2014). The oil could improve the infections as they carry inoculum to
parts of the insect body parts more conducive for germination and infection than happens
with water applications of conidia in Tween (Ibrahim et al.,1999). Similarly, it was observed
that the mortality occurred after 48 h in all the treatments because the conidia needed 48 h
to recover from unfavorable effects caused by some formulations and provided high
germination rates (Alves et al., 2002).Leemon and Jonsson (2008) investigated 31 M.
anisopliae isolates, and they found that an application of oil formulation with 3x108 spores
mL-! caused 100% mortality after two days in comparison to water suspension at the same
concentration spores needed five days with similar results. Several studies have been
previously carried out regarding the infection patterns and histopathology of M. anisopliae in
chosen economic insects, but there is still lacking in documenting the histopathology of M.
anisopliae in R. ferrugineus.

However, the present study revealed that conidia of M. anisopliae firmly adhere to the
surface of the cuticle of R ferrugineus larvae and adults. Conidia of M. anisopliae have been
reported adhering to the cuticle of the termite H. tenuis and were less adhesion in the hard
cuticle parts such as the head of various insects (Moino et al, 2002; Boruah et al,, 2016).
Arruda etal. (2005) observed that most M. anisopliae conidia adhered to the cuticle of the host
after 24 h of post-infection and the infection happened by the germ tube and formation of
appressoria. Camargo et al. (2014) observed the oil formulations of M. anisopliae caused a
reduction of 50% of Rhipicephalus microplus tick within 21 days. Besides, the oil-based
formulations at 10, 15 and 20% enhanced the efficacy of M. anisopliae, and the fungal oil
formulations tested were more efficient than the water suspension (Camargo et al., 2012). It
has been reported that M. anisopliae produces a family of proteases enzymes and toxins
(destruxin), a positive coloration was found between the destruxin and the speed power of
killing (Kershaw et al., 1999). Such information regarding destruxins has been reported as
virulence determinants in the pathogenicity of M. anisopliae against several insect hosts.

CONCLUSIONS

There was no effect of the surfactants and oils against the RPW larvae as well as adults
at concentrations of 1, 5, and 10% was observed. The rapid death observed among all the
formulations with larvae and adults test was done at Equation E1604. It showed the best
effectiveness of formulation E1604 against the larvae and adults of R. ferrugineus. The effect
of formulations E1604 on the conidia germination appeared after 20 h of the application on
the cuticle of R. ferrugineus that represented the lowest effectiveness on the conidia activity
with the highest germination percentage. The adults R. ferrugineus were highly susceptible to
M. anisopliae nano-formulations as compared to adults that displayed a maximum mortality
percentage in a shorter time. Thus the present is quite useful in which speed of invasion of the
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conidia of M. anisopliae in different nano-emulsions formulations by observing conidia
germination and penetrate the cuticle by formation appressoria using SEM was successfully
observed. This work has also provided data that suggests that a formulation based on an oil
nano-emulsion will promote fungal effectiveness and is more suitable for use against R.
ferrugineus. Based on the information it could be said that M. anisopliae is a potential bio-
control agent that can be formulated and use as an important component in the biological
control of R. ferrugineus.
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Abstract

The red palm weevil (RPW) Rhynchophorus ferrugineus (Olivier) is palm trees’
most destructive and invasive insect pest. However, the molecular bases of its ecology
and behavior are still poorly understood. Recently, valuable transcriptomic and
genomic resources have been cumulated on this species, with the objective to
understand important traits of the life of the RPW. These omics resources led to the
annotation of numerous genes involved in important biological functions, such as
immunity, detoxification, digestion, and chemo reception. In particular, the
identification of the principal chemosensory gene families coupled to functional
studies led to start deciphering the molecular bases of the RPW chemosensation,
especially its pheromone communication. This mini-review describes these recent
advances, focusing on olfactory detection, and highlights how they could be used to
optimize the RPW control.

Keywords: red palm weevil, date palm, genome, transcriptome, chemosensory receptors,
functional genomics

INTRODUCTION

Palm tree cultivation is threatened by the global expansion of an invasive pest, the red
palm weevil (RPW) Rhynchophorus ferrugineus (Olivier) (Figure 1). This Coleoptera is the
most destructive and invasive insect pest of palm trees worldwide. Originating from South
Asia, the RPW has spread through the Middle East, Africa, and the whole Mediterranean area
since 1980. The phenomenal expansion and global spread of the RPW in almost all dominant
palm tree-growing countries over the last three decades, as a consequence of the commercial
exchange of palm trees worldwide, has recently resulted in its attainment of category-1 pest
status (EPPO, 2019).

Figure 1. Adults (left) and larvae (right) of the red palm weevil Rhynchophorus ferrugineus.
Photo credit: E. Jacquin-Joly, in Saudi Arabia, December 2021.
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The RPW lives in a microhabitat where different stages live inside the tree trunk. The
RPW synchronizes mass gathering on the palm tree for feeding and mating, using a male-
produced aggregation pheromone composed of two methyl-branched compounds (4RS,5RS)-
4-methyl-nonan-5-o0l  (ferrugineol) and 4(RS)-methylnonan-5-one (ferrugineone)
(Oehlschlager, 2016). The larvae bore soft tissues such as the tree crown, the base of the
petioles, the trunks of young palms that lead to tissue rotting, and palm tree waning. The RPW
Infested palms often die if not detected early and treated with insecticides.

The RPW control mainly relies on the use of systemic insecticides. Still, eco-friendly
management techniques, such as the use of aggregation pheromone traps with or without
palm tissues or kairomones in integrated pest management strategies, have emerged (Faleiro,
2006; Al-Dosary etal., 2016). Pheromone traps are also used to monitor populations and new
potential invasions.

Despite the enormous economic losses worldwide due to the RPW, the molecular bases
of its ecology and behavior are still poorly understood. Recently, valuable transcriptomic and
genomic resources have been cumulated on this species and functional genomics tools are
now available. This mini-review describes these recent advances, focusing on olfactory
detection, and highlights how they could be used to optimize the RPW control.

RPW TRANSCRIPTOMES

As valuable resources to understand the RPW important traits of life, different
transcriptomes from different tissues and developmental stages, including embryos, have
been generated via assembly of Roche 454 or Illumina sequences (Wang et al., 2013; Yan et
al,, 2015; Yin et al,, 2015; Antony et al,, 2016; Yang et al., 2020; Zhang et al., 2020; Rasool et
al,, 2021). This led to the description of a plethora of transcripts from different families, such
as neuropeptides and G-protein coupled receptors (Zhang et al, 2020) and reproduction
control genes (Rasool et al, 2021). According to chemoreception, antennal transcriptome
sequencing allowed the identification of chemosensory receptors. In insects, chemoreception
relies on three families of chemosensory receptors, the odorant receptors (ORs) involved in
volatile detection at a distance or close range, gustatory receptors (GRs) involved in detection
at contact, and ionotropic receptors (IRs) involved in olfaction and taste (Robertson, 2019).
While IRs are relatively conserved between insect species, ORs and GRs are highly divergent
between and within species, with only 20-40% identity in amino acid sequences. This results
from the fast evolution of these gene families via active gene birth and death (Engsontia et al,,
2014; Robertson, 2019). The first RPW antennal transcriptome identified 18 ORs, 9 GRs and
9 IRs (Table 1). The second one greatly improved the chemosensory receptor repertoires,
identifying 76 ORs, 15 GRs and 10 IRs (Table 1).

Table 1. Numbers of chemosensory receptors identified in the RPW transcriptomes and

genomes.
Yanetal, Antonyetal., Hazzouryetal, Diasetal, Engsontia and Satasook,
2015 2016 2020 2021 2021
ORs 18 76 80 76 Not searched
GRs 9 15 Not searched 15 50 (encoding 65 proteins)
IRs 9 10 Not searched 10 Not searched
THE RPW GENOME

As additional resources, two genomes have been published recently (Hazzouri et al,,
2020; Dias et al., 2021). The first genome was assembled from a combination of paired-end
[llumina, Oxford Nanopore long reads, 10X Genomics data, and synteny analysis (Hazzouri et
al,, 2020). The assembly had a scaffold N50 of ~60 Mb, and the genome size was estimated at
around 720 Mb. Analyses of this first genome and comparison with other beetle species
revealed expansion of gene families important in insect response to environmental
conditions, in detoxification of secondary metabolites and insecticide resistance (such as
glutathione S-transferase, P450, Rdl channel), and immunity (such as secretin), that may
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reflect RPW adaptation. According to chemoreception, annotation led to the identification of
80 ORs (Table 1). Latter, the repertoire of GRs has been annotated in this genome, leading to
the description of 50 GR genes encoding 65 GRs (Engsontia and Satasook, 2021) (Table 1).IRs
have not been searched.

The second genome used 10x Genomics linked-read sequencing to produce a
haplotype-resolved diploid genome assembled from a single RPW individual. The genome size
was estimated at 590 Mb, thus smaller than the previous one, with a scaffold N50 of over 470
kb. In fact, the second genome analysis (Dias et al., 2021) evidenced that the previously
reported RPW genome hybrid assembly contained a large proportion of artificially duplicated
sequences due to the scaffolding of multiple haplotypes into a single haploid representation
of the genome, and most gene expansions could not be confirmed. According to
chemoreception, the second genome annotation identified 76 ORs, 10 IRs and 15 GRs (Table
1), as found in the antennal transcriptome (Antony et al., 2016). The number of GRs is far
lower than the 50 GRs identified in the first genome. However, in view of the heterozygosity
of the first genome, one could expect that 50 is an overestimated GR number.

FUNCTIONAL GENOMICS TOOLS DEVELOPED FOR THE RPW AND APPLICATION TO
CHEMOSENSORY GENES

The transcriptomes and genomes described above constitute valuable resources and
open up the route for further gene functional characterization. Tools to functionally
characterize encoded proteins include loss-of-function experiments, via gene expression
knock-down (e.g., via RNA interference, RNAi) or gene knockout (e.g., via CRIS- PR-Cas9 gene
editing), and heterologous expression of the gene of interest in vitro (e.g., in cultured cells,
Xenopus oocytes) or in vivo (e.g., in a host organism) (Montagné et al., 2021).

CRISPR-Cas9 is not yet developed for the RPW, but RNAi functions well in this insect,
and several genes have been knocked down especially chemosensory genes. Orco, the co-
receptor necessary for insect OR functioning (Larsson et al., 2004), was the first RPW OR to
be silenced via RNAi (Soffan et al,, 2016) (Table 2). As expected, injection of double-stranded
RNA (dsRNA) from Orco into RPW pupae reduced Orco expression. This led to the failure of
odorant detection, including pheromone detection, as confirmed through olfacto meter
studies and electroan-tennography (EAG) assays. Odorant-binding proteins (OBPs) are also
important proteins for odorant detection within the antennae. They are secreted proteins
proposed to bind and transport odorants to the ORs (Pelosi et al., 2006). Silencing of one
antennal-specific OBP, named RferOBP1768 (Table 2), significantly disrupted pheromone
communication, suggesting that this OBP is involved in capturing and transporting the
pheromone to ORs (Antony et al., 2018). RNAI has also been applied to ORs highly expressed
in the antennae, and changes in pheromone detection have been assessed using
electrophysiological recordings (Antony et al., 2021). This study revealed that the silencing of
one particular OR, RferOR1 (Table 2), led to impaired pheromone detection, suggesting that
this OR is involved in pheromone recognition. This hypothesis has been further confirmed
using functional expression of this OR in a heterologous system, the so-called Drosophila
“empty neuron” system (Kurtovic et al., 2007). In this system, an exogenous OR is expressed
in Drosophila olfactory sensory neurons devoid of their own OR, and these neurons are
screened with odorants using electrophysiology. When challenged with the RPW aggregation
pheromone, pheromones from other weevils, and structurally related compounds, RferOR1
responded with high frequency and relative specificity to ferrugineol and ferrugineone,
confirming that RferOR1 is a pheromone recep- tor (Antony et al., 2021). Another RPW OR
that was found to be antennae-biased expressed (RferOR6) has been functionally
characterized via expression, together with Orco, in Xenopus oocytes coupled to two-electrode
voltage clamp (Ji et al, 2021) (Table 2). This OR could detect alpha-pinene, a non-palm plant
volatile compound that has been shown to induce repellent behavior in the RPW.
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Table 2. RPW chemosensory genes functionally characterized, methods used, and function.

References Soffan et al., Antony et al., Antony et al., Jietal,
2016 2018 2021 2021
Genes RferOrco RferOBP1768 RferOR1 RferOR6
Methods RNAI RNAI Heterologous Heterologous
expression in expression in Xenopus

Drosophila neurons oocytes

Function Chemoreception Aggregation Aggregation alpha-pinene

pheromone pheromone

PERSPECTIVES IN RPW CONTROL

Chemosensation is vital for the RPW to detect palm and non-host plant volatiles, orient
toward a good food source, and detect the presence of conspecifics for aggregation and
mating. Interfering with the mechanisms of odorant detection is thus a promising way to
manipulate the RPW behavior. It has been recently proposed that insect OBPs and ORs could
represent interesting targets for the design of molecules able to disrupt their correct
functioning (Caballero-Vidal et al., 2020, 2021). Identifying and characterizing OBPs and ORs
involved in key behavior is the first step in such perspectives. As exemplified with RferOR6 (]Ji
et al, 2021), studying ORs and identifying their odorant ligands also help identify new
attractants or repellents.

Another approach may include silencing key OBPs and ORs, through host-induced gene
silencing or spray-induced gene silencing techniques (Hernandez-Soto and Chacén-Cerdas,
2021). Future development of CRISPR-Cas9 in the RPW will also allow conducting gene-drive
approaches. In this view, the genomic data will be instrumental in designing an RNA guide and
correctly estimating possible off-targets.

Last, the identification of OBPs and ORs detecting key RPW cues (like the pheromone)
or volatile indicators of palm infestation (like herbivore-induced plant volatiles) opens up the
development of OBP or OR-based biosensors (Bohbot and Vernick, 2020) for the early
detection of RPWs in the field.
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Abstract

The red palm weevil (RPW), Rhynchophorus ferrugineus (Olivier) is considered as
a dangerous pest infesting date palm causing serious damage to palm trees in the
world. In Iraq, infestation of this pest was recorded for the first time in Safwan, Basrah
Governorate south of Iraq during October 2015. The present study was conducted in
date palm groves in Safwan region of Basra in Iraq during 2017-2020. The main
objective of the study was to investigate the seasonal distribution of RPW population in
the region by using aggregation pheromone traps placed in date palm orchards. Results
indicated that RPW has three peaks on date palm trees throughout the year 2017, the
weevils appeared during the second week of march and continued till the end of the
year. The highest number of weevils captured was 13, 13 and 19 adults biweekly in May,
October and November, respectively. Two peaks were recorded in 2018-2020.The
highest rate of adults catches was 41 adults bi-weekly during the end of April, and 31
adults bi-weekly in end of October in 2018. In 2019 and 2020, the weevils appeared in
January. The highest number of adults was 35 adults bi-weekly at the end of April and
31 adults bi-weekly in the second week of November in 2019. While in 2020, the highest
number of adults captured was 25 adults bi-weekly in the second week of April and 33
adult bi-weekly in the second week of November. Results also indicated there were
different relations between some climate factors (such as temperature, relative
humidity and wind speed) and population activity of R. ferrugineus during 2017-2020.
It was concluded that the pheromone traps were effective in capturing adults and
monitoring population of RPWs, and climatic factors play an important role on the
abundance of this pest in the study region.

Keywords: population, aggregation pheromone, traps, climate factors, palm orchards

INTRODUCTION

The red palm weevil Rhynchophorus ferrugineus Oliv. is considered one of extremely
destructive serious pests attacking all types of palm trees worldwide and this pest is native in
South and Southeast Asia (Al-Dosary et al., 2016; Azmi et al., 2017; Manzoor et al.,2020) which
is now widely spreading in most date palm growing countries in the Middle East, Europe,
North Africa, USA, South America and Australia (Aldawood and Rasool, 2011; Al-Shawaf et al.,
2013). In Iraq, RPW infestation was first recorded in Safwan, Basrah Governorate, south of
Iraq during October 2015 (Aletby, 2016). Management protocol of RPW decreased the
population of the invasive pest preventing the spread of insects from first infested areas to
other date palm growing Governorates in the country (Alderawii et al., 2020). The adult
females of R. ferrugineus are attracted to wounded, damaged, or dying palms and lay their eggs
in protected parts in palm sheaths and stems of young date palm trees less than 20 years old
being most preferred hosts (Hunsberger et al.,, 2000; Faleiro et al., 2012). The attack of R.
ferrugineus occurs in the tree crown or the upper part of the stem, including the base of
petioles (Faleiro, 2006). The infestation of RPW is very difficult to detect in the early stages
because the pest completes most of life cycle stages inside palm tree trunks. In high
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infestations levels all life stages of RPW from the overlapping generations can be found inside
the palm trunks eventually leading to kill the palm tree (Avand, 1996; Justin et al., 2008).

Control of RPW is very difficult due to the concealed nature of the life-cycle of the pest.
Integrated pest management (IPM) strategy has been applied successfully to deal with the
RPW problem (El-Mergawy and Ajlan, 2011). During the last decades all efforts to control R.
ferrugineus in Arab countries was applied by adopting an old integrated pest management
(IPM) strategy, focusing on the use of traditional insecticides, modified cultural practices and
recently pheromone traps (Kaakeh, 2006).

Pheromone traps have been widely used in controlling RPW as a main component of an
integrated pest management regime. The use of aggregation pheromones has been reported
as an effective tool for monitoring and mass trapping of the weevil adults in the field (Abd-
Allah and Al-Khatri, 2005; Abuagla and Al-Deeb, 2012).

Environmental parameters (a biotic factor) influence the biology, ecology and
population dynamics of organisms including insects. The R. ferrugineus seasonal activity,
mating, growth and the host finding are fluctuating throughout the year depending on climatic
conditions. Thus, it is important to understand the characteristics of the climate and
environmental parameters such as rainfall, light intensity, temperature, humidity, etc., which
play a critical role in the implementation of pheromone mass trappings of RPWs (Dembilio
and Jacas, 2011). The present work was conducted to investigate temporal presence of RPW,
R. ferrugineus, population on a date palm plantation by using pheromone traps during 2017-
2020 and to study the effect of some weather factors on weevil catches in traps.

MATERIALS AND METHODS

Study sites

The work was carried out in Safwan region, Basra Governorate south of Iraq
(30.132873N,47.720521E) during 2017-2020. Pheromone traps (30 pheromone traps) were
distributed in the investigated 30 orchards chosen to be the field of study; the number of palm
trees ranged between 100 and 200 trees orchard-! and they were approximately 12 years old.

Pheromone traps

The local pheromone traps were designed in plant protection directorate/department
of diagnosis of agricultural pest by using a 10-L plastic bucket with four circular holes of 4 cm
diameter near the upper edge of side walls and three holes were made in the cover of trap.
The outer surface of the trap was covered with rough jute fabric to help the adults of red palm
weevil to climb up and enter inside the trap through the holes. The traps were cleaned and
the water was changed every two weeks to maintain better performance of each trap by
avoiding the growth of fungi or algae on the water surface and avoid escaping of the adult.
Each trap contained a dispenser of the R. ferrugineus aggregation pheromone [4-methyl-5-
nonanol and 4-methyl-5-nonanone] with the trade name RHYFER produced by Alpha Scents,
Inc., USA. The pheromone lure hung on cover center of the trap in inner side by a wire. The
pheromone lure was replaced every two weeks in summer and every one month in the winter.
Traps were placed in the ground down to the level of 15 cm except 5 cm above the ground to
facilitate entrance of R. ferrugineus adults. The distance between traps was atleast 100 m each
trap was 4 m away from date palm trees. Traps were set under the shade of the plant canopy
and not exposed to direct sunlight in order to obtain a sustainable and uniform release of the
chemical lure into the environment and minimize water evaporation. The insects in the traps
were collected, counted and recorded every two weeks.

Effect of some climate factors on the activity of red palm weevil

The influence of weather factors such as average daily mean temperature(ATAvg°C),
relative humidity(RHAvg%) and wind speed (WSAvg K/H) were studied from January 2017
to December 2020 and were calculated for each two weeks to find the relation between the
numbers of captured RPWs and the variations of each intended climatic factor. The weather
information was obtained from the Iraqi Agro Meteorological Network, Ministry of
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Agriculture.

Statistical analysis

Simple correlation and multiple regression of average daily mean temperature, relative
humidity and wind speed and the population activity of RPW adults during 2017-2020 were
undertaken and subjected to statistical analysis of computer (GenStat 12t edition) program.
The simple correlation coefficient “r” for the relationship between each weather factor and
weevils’ population was then calculated.

RESULTS AND DISCUSSION

Population presence of R. ferrugineus on date palm plantation during (2017-2020)

The results of this study confirm that beginning, peak and the average number of R.
ferrugineus caught in the traps were varied according to the season and climatic factors of
surrounding environment.

Results of the first year (2017) showed that the weevils were not present in January to
February and were observed in the second week of March and increased gradually. An obvious
fluctuation with three peaks of insects number caught in the traps were recorded during this
year. The first peak was recorded in end of May with an average of 13 adults traps-! biweekly
when an average of temperatures, relative humidity and wind speed were 33.38°C, 15.53%
and 13.71 km h-, respectively, and the second peak observed in middle of August with 12
adults trap! biweekly when an average of temperatures, relative humidity and wind speed
were 40.023°C, 17.53% and 8.92 km h-1, respectively. While the third peak occurred in the end
of November with 19 adults trap-! biweekly when an average of temperatures, relative
humidity and wind speed were 17.23°C, 50.1% and 7.92 km h-1, respectively (Figure 1).
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Figure 1. Temporal presence of RPW in relation to climate factors in Safwan-Basra during
2017.

Data presented in Figure 2 show that the adult RPW were found during the entire year
of 2018 and started to increase drastically to reach the first peak with 41 adults trap-!
biweekly at the end of April when average temperature, relative humidity and wind speed
were 25.75°C, 40.69% and 11.16 km h-i, respectively. Then the population presence was
decreased with a noticeable fluctuation till the end of September. The second peak occurred
in October when the highest number of adults captured was 31 adults trap-! biweekly in the
end of October when average of temperature, relative humidity and wind speed were 25.07°C,
49.75% and7.2 km h-i, respectively. The number of adults captured decreased to reach 4
adults trap-! biweekly in the end of December when average temperature, relative humidity
and wind speed were 12.98°C, 68.15% and 7.63 km h-1, respectively.
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Figure 2. Temporal presence RPW in relation to climate factors in Safwan-Basra during 2018.

In 2019 and 2020, seasonal presence of R. ferrugineus population showed an
approximately similar trend of abundance as in the 2018 recording two peaks for each year.
The adult weevils appeared in January in low number and increased gradually in numbers. In
2019 the highest value of the first peak was 35 adults traps-! biweekly recorded at the end of
April when average temperature, relative humidity and wind speed were 23.1°C, 38.22% and
9.75 km h-1, respectively. While in the second peak the highest number of adults captured was
31 adults trap! biweekly recorded in the second week of November when average
temperature, relative humidity and wind speed were 21.36°C, 47.72% and 7.02 km h-1,
respectively. While in 2020, the first peak was recorded in the second week of April with
highest number of adults of 25 adults trap-! biweekly with an average temperature, relative
humidity and wind speed of 26.1°C, 37.9% and 6.12 km h-!, respectively. In the second peak
the highest number of adults captured was 33 adults trap-! biweekly recorded in the second
week of November with an average temperature, relative humidity and wind speed of 23.1°C,
55.13% and 7.88 km h-1, respectively (Figures 3 and 4).
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Figure 3. Temporal presence of RPW in relation to climate factors in Safwan-Basra during
2019.
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Figure 4. Temporal presence of RPW in relation to climate factors in Safwan-Basra during
2020.

Results also indicated that the most weevils activity occurred when surrounding
weather temperature ranged between 20 and 40°C, 15-55% RH and wind speed of 1.5-3.7 m
s'1. Two major peaks were observed during the whole year. Increased weather temperature
and wind speed along with decreased humidity had negative effect on flight activity of RPW.
The results of this study in agreement with previous studies findings of Vidyasagar et al.
(2000) detected two weevil activity peaks, during April-May and much smaller second peak
was observed during October-November in the Kingdom of Saudi Arabia. In the United Arab
Emirates Abbas et al. (2006) reported that the population fluctuation of R. ferrugineus
captured in traps using the aggregation pheromone during 2000 and 2001, increased
gradually from January to reach its peak between March-May. Other studies indicated that
weevils of R. ferrugineus were found in pheromone traps during the entire year of two
successive seasons 2007-2008 and 2008-2009. Two flight peaks were recorded during both
years, the first peak was recorded in September and the second peak occurred in March. In a
later study, EI-Bokl et al. (2015) noticed two major population peaks in Egypt, the first peak
reached its maximum in March, while the second peak started in September and reached its
maximum in October. Metwally and Basheer (2019) found that population dynamics of RPW
were different and the number of generations varied during the seasons 2014 and 2015.
There were two peaks of swarming activity on date palm trees throughout the first year, and
three peaks throughout the second year.

The correlation between weather factors and population activity of RPW adults
during 2017-2020

1. Effect of daily mean temperature.

Results showed that the decrease in the average numbers of adults RPW caught by
pheromone traps coincided with the decrease and increase in the maximum and minimum
temperatures below 20 and 10°C, respectively, in the beginning and end of the all years under
study.

The obtained results presented in Figures 5-8 show the relation between daily mean
temperature and the population abundance of RPW were quadratic curve with significant
correlation coefficient (r) in year 2017, 2018,2019 and 2020 (r value = 0.504, 0.735, 0.859
and 0.656, respectively).
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2. Effect of daily average relative humidity.

The relative humidity had different correlation with the population abundance of the
RPW adults during in 2017-2020. There was significant correlation in 2018 and 2019 (r value
= -0.508 and 0.865, respectively). On the other hand daily mean RH% had no significant
correlation in 2017 and 2020 (r value = 0.291 and 0.202, respectively) (Figures 9-12).
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Figure 9. The correlation between number of RPW and average relative humidity during
2017.
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Figure 10. The correlation between number of RPW and average relative humidity during
2018.
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Figure 12. The correlation between number of RPW and average relative humidity during
2020.

3. Effect of daily average wind speed.

The wind speed had different correlation with the population abundance of the RPW
adults during in 2017-2020. There was significant correlation in 2019 and 2020 (r value =
0.545 and 0.429, respectively). However, there was no significant correlation between daily
mean wind speed and RPW in 2017 and 2018 (r value = 0.343 and 0.284, respectively)
(Figures 13-16).
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Figure 13. The correlation between adult of RPW and wind speed during 2017.
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Previous studies Faleiro (2005) indicated that maximum temperature and rainfall had
a significant impact on the weevil activity in India. Abd-Allah and Al-Khatri (2005) reported
that there is an effect of the climatic conditions such as maximum and minimum temperature
and the relative humidity on the population fluctuation of RPW. Later studies by Hussain et al.
(2016) found different effects of daily mean temperature and relative humidity on the
population activity of R. ferrugineous in Baharia Oases during 2013-2014. Other studies by
Metwally and Basheer (2019) showed that there was a positive and negative correlation
between weather factors (mean daily temperature and daily relative humidity) and the
population abundance of RPW during 2014-2015.
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CONCLUSIONS

- Results of the present study showed that red palm weevil is a noxious invasive pest in
Irag. The presence of the weevil still in the Safwan region/Basra south of Iraq. The
insect was present throughout the year, beginning, peak and the average number of
insects caught in the traps were varied during the seasons of study;

- The traps showed two peaks of the population were recorded during each year of
study except 2017 when three peaks were observed;

- Climatic factors had an important impact on the presence of RPW pest. However, more
studies are still needed to investigate the influence of other climatic factors such as
wind storms, dust storms, along with surrounding habitat and type of vegetation on
the spread RPW. Environmental studies are essential for controlling the pest and
prevent its movement to other regions.

- The agricultural practices for date palm trees especially pruning operation to remove
the palm dry leaves, leaf bases, fiber, spines and high offshoots should be carried out
in the low activity period of the RPW insect and need to implement precautionary
measures that follow the pruning process, which prevent attracted pest to date palm
trees.
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Bibliography of date palm pests and lessons learned to
manage RPW

M. El-Said El-Zemaity=

Plant Protection Department, Faculty of Agriculture, Ain shams University, Cairo, Egypt.

Abstract

Establishing a bibliography of the main palm pests in the Arab region, especially
the red palm weevil (RPW), is a very important approach. The bibliography includes a
comprehensive inventory of all independent and arranged data sources for
information related to the pest. Such a bibliography will have a role in assisting
workers, technicians, and officials responsible for developing pest management
programmes in general and date palm pests in particular. Also, it will be a useful aid to
researchers, extension agents, agricultural producers, and industry, as well as
government officials involved in pest management. Since bibliographies are important
keys as sources of information characterized by saving effort, time, and costs, they will
help researchers to complete their research faster, more comprehensively, more
accurately, and more efficiently. This paper will focus on an analytical study of a
prepared bibliography for the RPW Rhynchophorus ferrugineus Oliver (Coleoptera:
Curculionidae), as it is now one of the most dangerous palm pests in our Arab region.
The study started by compiling 621 articles from different sources, including
publications in scientific journals, proceedings of scientific meetings, specialized
books, scientific theses, internet, specialized databases, the Arab Scientific Community
Organization list of published research on palm pests, and others. The scientific papers
were classified into 18 major research areas and 28 sub-fields. Data extracted from
such bibliography indicate that there is a real need for more efforts and research to:
strengthen the role of some of the basic components in IPM programmes such as
threshold level and natural control; enhancing the adoption of biotechnology products,
and some other potential components; carry out more molecular investigations to
provide a better understanding of the insect’s behavior and the interaction between its
immune system and biological control agents; encouraging researches on evaluating
the current RPW management programs in light of the local conditions of each Arab
country.

Keywords: date palm pests, red palm weevil, IPM programmes

INTRODUCTION

The word bibliography has become an expressive term well-established in use by all
conferences, specialized organizations, and researchers in the field of libraries and
information in the Arab world. It is expected that the bibliographic list for each pest includes
a comprehensive inventory of all independent and arranged data sources for information
related to the main palm pests in the Arab region, especially the red palm weevil RPW,
according to the known scientific bases. It is expected that this approach will have a role in
assisting workers, technicians and officials responsible for developing pest management
programs in general and date palm pests in particular. Establishing this bibliography as a
specialized source of information will undoubtedly be relied upon in program planning,
implementation and evaluation. The bibliography will also be a useful aid to researchers,
extension agents, agricultural producers, industry and government officials involved in pest
management. Since bibliographies are important keys as sources of information characterized
by saving effort, time and costs, they will help researchers to complete their research faster,
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more comprehensively, more accurately and more efficiently, and it is expected to play an
important role in:

1. Facilitating the process of gathering information for pest management managers and
the scientific researcher, in terms of obtaining the sources for the subject of his
research through all the extensions he desires, temporally, spatially, linguistically and
objectively;

2. Helping the researcher to choose and select the sources he desires, as well as guiding
him to sources he did not think of;

3. Enable the researcher to verify certain information and work on completing or
correcting it;

4. Providing the existing sites and databases with audited information, and encouraging
the establishment of specialized databases by the parties interested in the problems
of date palm pests;

5. Encouraging and disseminating expert systems for the management of date palm
pests, and making them easily available to benefit date producers and growers in
solving the pest problems facing them.

The RPW, Rhynchophorus ferrugineus (Oliv.) is a dangerous pest that infects palm trees,
especially the coconut and date palm. As an invasive pest, it was established in recent decades
in most Arab countries and many other regions at the global level. It is now one of the most
dangerous pests threatening the date palm, which occupies great importance and interest to
palm growers throughout the Arab world. Because of its economic importance, it has attracted
special interest to researchers from all over the world, which has led to the emergence of a
huge number of scientific literature and publications on various aspects of the pest, which has
made researchers and documentaries feel an urgent need for a bibliography of the pest. In
fact, efforts in this direction began with an attempt in 1984 by Divakaran Pillai, who at that
time included a list of 48 publications about RPW on the coconut palm. In 2000, Thajudin
published a bibliography titled “An Annotated Bibliography on Rhynchophorus ferrugineus — a
Pest of Coconut”. After that Thajudin and Mohan noted that there are a large number of
publications that had subsequently accumulated on the pest, and that there was a need to
update the bibliography. So they compiled the literature on the red palm weevil, and published
as bibliography by CPCRI in 2013. The last bibliography included 518 publications, mostly
about the biology of the insect, its life aspects, and its control on coconuts
(https://krishi.icar.gov.in/jspui/bitstream/123456789/9080/1/RPW%Z20Bibliography.pdf).
With the invasion of the pest and its establishment in the date palm regions, the scientific
literature focused on its management on date palms. Accordingly, the current compiled
bibliography deals with the published literature on the pest on date palm without ignoring
the valuable researches published on coconut so that the picture is complete for those
interested. The objective of the present work is to update a bibliography includes the recently
published articles until 2020 about RPW on date palm.

ESTABLISHING THE BIBLIOGRAPHY
The work began by compiling 621 articles from different sources, including publications
in scientific journals, proceedings of scientific meetings, specialized books, scientific theses,
internet, specialized databases, the Arab Scientific Community Organization list of published
research on palm pests, Grafiati Bibliography on the topic RPW, EPPO Data Sheet on
Rhynchophorus ferrugineus and others. The compiling articles were classified into 18 major
research areas and 28 sub-fields as shown in Tables 1 and 2. To facilitate the review of the
research directions of the collected publications, they will be addressed as follows:
- Comprehensive knowledge;
- Monitoring, sampling, detection and the economic threshold;
- Natural control;
- Management practices;
1. Proactive practices;
2. Active practices;
2.1 Agricultural and mechanical methods;
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2.2 Biological control and biopesticides;

2.3 Chemical control;

2.4 Pheromones and attractants;

2.5 Genetic control, sterilization and irradiation;
2.6 Information and communication technologies.

Table 1. Compiling articles published about comprehensive knowledge and basic IPM
components needed for management of RPW.

Field of research No. %
1. Identification/diagnosis/symptoms/damage 12 422
2. Biological and ecological aspects/molecular biology 59

2.1 Life cycle and factors affecting the insect development 2 20.77
2.2 Seasonal activity/population dynamics 1

2.3 Longevity, fecundity and fertility 7

3. Other principle information 81

3.1 Morphology 6

3.2 Physiology 20

3.3 Behavior 13 28.52
3.4 Biochemistry 7

3.5 Defense mechanism 1

3.6 Rearing 19

3.7 Host plants 14

4. Distribution/threat/infestations 59 20.77
5. General aspects " 3.87
6. Surveyffield monitoring/scouting 4 1.40
7. Detection 41

7.1 Smell by dogs 2 14.43
7.2 Bioacoustic/acoustic methods 14

7.3. Signal processing technology 6

8. Sampling and action levels/area-wide management (operation) 2 0.70
9. Natural controls 15

9.1 Entomophagous enemies 4 5.28
9.2 Entomopathogenic microorganisms 1

Total 284 100

Table 2. Compiling articles published about management practices and control methods of

RPW.
Field of research No. %
10. Control/IPM/management practices 55 16.32
11. Preventive strategy/regulation and legislative interventions 1 3.26
11.1 Quarantine 3
11.2 Regional campaigns 1
12. Agricultural and mechanical methods 3 0.89
13. Resistant cultivars (plants)/transgenic date palms 8 2.37
14 Biological control/bio-insecticides 96 28.48
14.1 Natural enemies 6
14.2 Entomopathogenic nematodes 41
14.3 Entomopathogenic fungi (Beauveria bassiana, Metarhizium anisopliae) 27
14.4 Entomopathogenic bacterium (Bacillus thuringiensis) 4
15. Chemical control (insecticides) 46 13.64
15.1 Trunk injection 6
15.2 Fumigation 3
15.3 Root feeding 1
16. Pheromone traps/attractants/adult trapping 92 27.29
16.1 Natural or synthetic attractants 4
16.2 Aggregation pheromone 13
16.3 Pheromone lures 6
17 Genetic control/sterilization/irradiation/sterile male technique 21 6.23
18. Information and communication technologies 5 1.48
Total 337 100
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REVIEW OF OBTAINED DATA

Comprehensive knowledge

The number of articles related to the basic aspects of the red palm weevil RPW that were
included in the prepared bibliography reached 222 papers (Table 1), including: 12 papers of
identification, diagnosis, symptoms of infestation and damage caused by this dangerous insect
to the date palm; 59 papers on biological and ecological aspects including molecular biology,
life cycle and factors affecting development and growth (two papers), seasonal activity and
population dynamics (one paper), lifespan and fertility (7 papers); 81 papers for other
background information, including morphological studies (6), physiological and defense
mechanisms (21), behavioral (13), biochemical (7), rearing (19) and host plants (14); 59
papers of the occurrence of infestation and the geographical distribution of the insect; 11
research on different general aspects, such as controversial aspects about the red palm weevil,
the species associated with the insect, especially the mite and the nematode, and larval gut
microbes.

Monitoring, sampling, detection and the economic threshold

The number of papers that were concerned with the process of monitoring, sampling
and detecting the insect and proposing the levels or threshold of economic intervention
reached 51, including 41 on methods of detection and early detection by using non-traditional
methods such as the dogs’ sense of smell (two papers), audio/acoustic methods (14), and
modern technologies such as signal processing technology (6 papers). These data show that
there is a clear scarcity of research related to proposing and determining the appropriate
economic intervention threshold, and this may be due to the nature of the insect and the
difficulty of detecting its early infestation and stages. Alternatively, only one study suggested
relying on what is known as area-wide management/incidence rate at which intervention is
required (Faleiro and Ashok Kumar, 2008). Another study suggested a district-level sequential
sampling plan for area-wide management of RPW (Faleiro et al.,, 2010).

Natural control

The bibliographic list included 4 papers on the natural enemies of the insect, the most
recent of which was an overview of the natural enemies of the palm weevil Rhynchophorus,
with a focus on R. ferrugineus (Mazza et al., 2014). Figure 1 shows a comparison between
the % numbers of articles published about comprehensive knowledge and basic IPM
components needed for management of RPW.
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Figure 1. Comparison between the % numbers of articles published about comprehensive
knowledge and basic IPM components needed for management of RPW.
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Management practices

Papers that dealt with the practices and methods of controlling the RPW, including
studies on preventive methods to avoid infestation with the insect (proactive practices), and
studies related to the effectiveness and efficiency of treatment methods or based on IPM
tactics (effective practices), and the total of these studies amounted to 55 papers.

1. Proactive practices.

The research that dealt with the preventive strategy, regulatory and legislative
interventions amounted to 11 papers, including quarantine measures (3 papers) on the
quarantine protocol and one paper on problems and challenges facing quarantine measures.
[tis noted that there was no research on health measures and the role of extension campaigns
in measures to avoid weevil infestation.

2. Active practices

Agricultural and mechanical methods.

The bibliographic list included only two papers on agricultural methods and one
investigation on mechanical measures, and two other papers on the importance of field
operations to reduce the spread of RPW on date palms (Salah, 2019) and a case study of the
effect of farming practices on the infestation of red palm weevil on date palms (Sallam et al,,
2012), while the number of studies that dealt with resistant cultivars and genetically modified
palms to resist the pest and other biological techniques (8 papers).

Biological control and biopesticides.

The investigations that dealt with biological methods amounted to 96 papers, of which
6 were about natural enemies, and the rest dealt with the bio-agents or its formulations that
are pathogenic to insects, including 41 about pathogenic nematodes, 27 about pathogenic
fungi, especially Beauveria bassiana, and Metarhizium anisopliae, 4 researches on pathogenic
bacteria all using Bacillus thuringiensis. Often, biopesticides investigations focused on the use
of plant extracts such as: neem seed extract black pepper, cashew apple extracts, as well as
active substances from natural extracts such as camphene. It is striking that the investigations
that focused on the role of specific natural enemies of predators and parasitoids and their use
on the applied scale is very rare, and this may be because the red palm weevil is an invasive
pest to many of the locations in which it was established due to the appropriate environmental
conditions and the absence of such enemies.

Chemical control.

The investigations that concerned with the use of different insecticides amounted to 46
papers, of which 6 were using the stem injection method, 3 using the fumigation method, and
only one research using root feeding. These investigations were concerned with evaluating
the effectiveness of different old groups of insecticides (e.g., phosphorous, carbamates,
mineral oils and inorganic salts, etc.) and relatively new (e.g., amidacloprid, abamectin,
emamectin benzoate) against adults and other stages of the red palm weevil under laboratory
and field conditions, and there is some investigations which dealt with the status or
development of resistance of RPW field populations to the action of insecticides (Al-Ayedh et
al, 2016; Wakil et al.,, 2018), or the factors affecting the efficiency of insecticides and their
histopathological effects on the insect.

Pheromones and attractants.

The most investigated potential components researches dealt with pheromone traps,
attractants and adult traps, with 92 investigations, of which 4 are about natural or synthetic
attractants, 13 are about aggregation pheromone, and 6 are about pheromone lures. This
research dealt with different aspects of the use of pheromone traps in managing RPW in terms
of: pheromone type, efficiency, longevity of pheromone, improvement of trap contents and
placement in terms of trap position and density relative to area, the effect of trap size and
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color on the numbers that are caught and traps equipped with pheromone bait. As for the
attraction with food baits, it included investigations on bait-free attraction and killing
technology, the efficiency of different types of natural and synthetic baits, and the periodic
replacement of food baits.

Genetic control, sterilization and irradiation.

The bibliographic list included 21 papers on genetic control methods, sterilization and
irradiation, as well as the method of male sterilization. These papers dealt with determining
the basics and doses of gamma irradiation, the effect of irradiation processes on some
morphological and biological aspects, insect ovaries and mating competitiveness. Also, dealt
with the use of some radioactive isotopes in male sterilization.

Information and communication technologies ICT

The number of researches that dealt with the applications of ICT in the management of
the red palm weevil reached 5, including 3 papers on GIS (Fajardo et al.,, 2017; Massoud et al.,
2011, 2012), and one paper on each of the Internet of Things (Koubaa et al., 2019) and image
processing technologies. Figure 2 shows comparison between the % numbers of articles
published about management practices and control methods of RPW.

Figure 2. Comparison between the % numbers of articles published about management
practices and control methods of RPW.

CONCLUSIONS

Data extracted from such bibliography indicate that there is a real need for more efforts
and research to: strengthen the role of some of the basic components in IPM programs such
as threshold level and natural control; enhancing the adoption of biotechnology products, and
some other potential components; carry out more molecular investigations to provide a better
understanding of the insect’s behavior and the interaction between its immune system and
biological control agents; encouraging researches on developing resistance of RPW to
commonly used insecticides, using ICT tools especially GIS, evaluating the current RPW
management programs in light of the local conditions of each Arab country.
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Efforts of researchers to manage the red palm weevil
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Abstract

Red palm weevil (RPW), Rhynchophorus ferrugineus (Olivier), is one of the most
invasive pest species that causes serious damage to date palm trees. RPW causes
massive economic losses in the date palm production worldwide. Infested palm trees
show visible signs when the infestation is more advanced. Early detection is a useful
tool to eradicate and control RPW successfully. Since R. ferrugineus was first recognized
as a threat to date palm production in the mid-1980s for the Arabian Gulf countries,
entomology scientists have deployed several methods to control this destructive insect
pest. These include studying the biology, ecology and adult trapping of this pest.
Integrated pest management (IPM) that included biological and chemical control
methods has been used by more than 400 Arab researchers and clarified in more than
300 manuscript presented in this investigation.

Keywords: red palm weevil Rhynchophorus ferrugineus (Olivier), management, Arab world,
bibliography

INTRODUCTION

Red palm weevil Rhynchophorus ferrugineus (Olivier) (Coleoptera: Curculionidae) early
described as a harmful insect on the date palm tree in 1917 (Brand, 1917). It was first
discovered in the Gulf Region (KSA) in the mid-1980s by Al-Abdulmohsin (1987). It spread
rapidly to several date producing countries through infested planting material that is mainly
transported for ornamental gardening (Faleiro et al., 2012) and is now reported from several
Asian, African, European and American countries (Al-Dosary et al.,, 2016). In recent years, R.
ferrugineus has been the most destructive insect of palm plantations throughout the world
(Bertone et al.,, 2010), and FAO has designated it as a category-1 pest on date palm in the
Middle-East. Losses in global production of dates have been estimated at 30% due to the plant
diseases and pests (FAOSTAT, 2013). The annual loss in the Gulf region of the Middle-East due
to eradication of severely infested palms has been estimated to range from US$ 1.74 to 8.69
million at 1 and 5% infestation, respectively (El-Sabea et al.,, 2009). Therefore, the present
investigation was initiated to clarify the efforts of researchers to manage the red palm weevil
R. ferrugineus in the Arab world throughout the last 4 decades (1980s-2020s).

Sources of the reviewed articles: an extensive bibliography about the red palm weevil
(RPW) Rhynchophorus ferrugineus (Olivier) was established by the writer. Publications
dealing with the biological and ecological studies (survey, seasonal abundance and adult
trapping) in addition to the integrated pest management (IPM) that included biological and
chemical control methods has been collected. Taxonomy of (RPW) was in special interest.
Journals, bulletins, conferences, approved theses, dissertations and internet sites were the
main source of information.

The present bibliography includes the following subjects: 1) adult trapping (pheromone
traps); 2) biological control; 3) biological studies; 4) chemical control; 5) ecological studies;
6) essential oils; 7) feeding; 8) first record; 9) general; 10) host plant resistance; 11) IPM; 12)
non-chemical control; 13) physiological studies; 14) relative susceptibility; 15) review; 16)
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seasonal abundance; 17) toxicological studies; 18) taxonomy.

DATA ANALYSIS

Among 314 collected research articles that contained 18 subjects, data presented in
(Table 1) and illustrated in (Figure 1), clarify that biological control, adult trapping and
chemical control of the RPW ranked the first between entomology researchers’ attention with
an average of 15.31, 12.42 and 12.10%, respectively. The remaining scope of study
percentages were clarified in Figure 1. On the other hand, participation rate of each Arab
country was clarified in Figure 2. It is clear that Egyptian researchers make the biggest effort
to manage R. ferrugineus by the available methods and followed by Saudi Arabian and United
Arab Emirate researchers by 37.26, 34.39 and 13.69%, respectively. Except of the
unmentioned resources the remaining researchers’ efforts in the Arab countries constituted
5.74%.

Table 1. Annotated list of management efforts of R. ferrugineus in different Arabian countries.

Scope of study Area of study Author(s) and year

Adult trapping Egypt  Abbas et al. (2016); Abbas and Mesallam (2013); Abdel-Moety et al. (2012);

(pheromone traps) Abd EI-Wahab et al. (2021); Al-Elimi et al. (2000); EI-Bokl et al. (2015)
KSA Abraham et al. (2001); Ajlan and Abdulsalam (2000, 2005); Ajlan et al.

(1995); Al-Saroj et al. (2017); Faleiro et al. (2011); Hoddle et al. (2013);
Vidyasagar et al. (2000a, 2016)

Oman Abdallah and Al-Khatri (2000b); Abdallah and Al-Khatri (2005, 2016)
UAE Al-Saoud (2004, 2007, 2009a, b, 2010a, b, 2011a, b, 2012, 2013, 2014,
2015, 2017); Al-Saoud and Ajlan (2013); Al-Saoud et al. (2010); Hanounik et
al. (2000c)
Unmentioned Abuaglala and Al-Deeb (2012); Al-Shagag et al. (2008); Faleiro et al. (1998,
1999, 2000)
Biological control Egypt  Abd-Elgawad (1998); Abdel-Razek (2016); Abdel-Razek et al. (2004); Abdel-

Rahman and Abdel-Raheem (2018); Abdel-Raheem et al. (2019); Abdel-
Salam et al. (2016a, b); Abdel-Samad et al. (2011); Abdullah (2009b);
Alfazairy (2004); Atwa and Hegazi (2016); El-Bishry et al. (2000); EI-Garhy
(1996); Gomaa (2006); Hajjar et al. (2015); Khamiss and Abdel Badeea
(2013); Ragaei et al. (2009); Ragaei and Sabry (2013, 2016); Sabbour
(2006, 2013a, b); Sabbour and Solieman (2014); Salama and Abd-Elgawad
(2001, 2010); Salama et al. (2004); Saleh et al. (2010); Salem et al. (2012);
Sewify et al. (2009, 2014)
KSA Aldafer et al. (1998); Aldossary et al. (2009); Alsuhaibani et al. (2001);
Hussain et al. (2013a, 2015); Saleh and Alheji (2003); Saleh et al. (2004,
2011)
UAE Abbas and Hanounik (1999); Abbas et al. (2000); Abbas et al.(2001a,b,c);
Elawad et al. (2007a,b); El-Safty et al. (2007, 2009, 2010, 2011)
Unmentioned Al-Bagshi et al. (2013).
Biological studies Egypt  El-Ezaby (1997b); EI-Saadany et al. (2007b); Ibrahim et al. (2011); Kamel et
al. (2005); Mahmoud et al. (2011); Monzer and EI-Rahman (2003); Salama
et al. (2002); Shamseldean (2002)

KSA Abraham et al. (1999); Aldawood and Rasool (2011); Al-Dawsary (2012); Al-
Dawsary (2013a, b, 2014); Al-Dhafer (1997); Al-Dosary et al. (2010); Alanazi
et al. (2020); Alshammari et al. (2021); Khiyami and Alyamani (2008); Mozib

and EI-Shafie (2013); Sadder et al. (2016); Sabit et al. (2021)

UAE Kaakeh (2005); Kaakeh et al. (2001d)

Unmentioned Abdel-Azim et al. (2012); Al-Deeb et al. (2011); Al Mohanna et al. (2000); EI-
Muhanna et al. (2000)
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Table 1. Continued.

Scope of study Area of study Author(s) and year
Chemical control Egypt Abdel-Salam et al. (2016a, b, 2014); Abdullah (2009c); Abdulsalam et al.
(2001); Alfazairy (2011); Belal et al. (2012); EI-Ezaby(1997a); EI-Bokl et al.
(2010); El Husseini (2019); El-Sebay (2004a, b); El-Zemaity et al. (2010);
Ghonim et al. (2003); Girgis et al. (2002); Reda and Abdel-Salam (2014); Saleh
et al. (1996); Shamseldean and Abd-Elgawad (1994); Shamseldean and Atwa
(2004); Shaarawi et al. (2000); Shawir et al. (2014)
KSA Ajlan et al. (2000); Al-Ayedh et al. (2015); Al-Ayedh et al. (2016); Aldawood et
al. (2013); Al-Dhafar and Al-Qahtani (2012); Al-Rajhy et al. (2005); Al-Shawaf et
al. (2010); El-Saeid and Al-Dosari (2010)
Oman Abdallah and Al-Khatri (2000a); Azam and Razvi (2001); Azam et al. (2000)

UAE Al-Wahshi et al. (2017); Hanounik (1998); Hanounik et al. (2000a, b)
Tunisia Habib et al. (2017).
Unmentioned Abo-El-Saad et al. (2011, 2012)
Ecological studies Egypt Abbas and Al Nasser (2012); EI-Sebay (2003); El-Sharabasy (2010); Hassan et

al. (2011); Monzer and Al-Elimi (2002); Salama et al. (2009); Salem and Reda
(2015); Sharshir et al. (2007)
KSA Aldryhim and Al-Bukiri (2003); Aldryhim and Khalil (2003); El-Faki et al. (2015);
Hoddle et al. (2015); Kurdi et al. (2021); Massoud et al. (2011, 2012);
Mehmood et al. (2017)

Unmentioned El-Mergawy et al. (20113, b); El-Sabea et al. (2009)
Essential oils Egypt Abdel-Raheem et al. (2020); Abdullah and Nassar (2005)
KSA Nassar and Abdulah (2001); Sharaby and Al-Dosary (2007); Shukla et al.
(2012)
Feeding Egypt Alfazairy et al. (2003); El-Saadany et al. (2007a); EI-Sebay et al. (2003); El-
Zoghby and Abdel-Hameid (2018); Salama and Abdel-Razek (2002)
KSA Al-Ayedh (2011); El-Shafie et al. (2013); Rasool et al. (2014, 2015, 2017);
Sharaby and Al-Dhafar (2013)
UAE Kaakeh et al. (2001b)
First record Egypt Saleh (1992)
KSA Al-Abdulmohsin (1987)
Libya Al-Eryan et al. (2010)
Palestine Samara (2017)
Tunisia Chebbi (2011)
General Egypt Abbas (2000, 2013); Abdel-Moniem (2016); Salama and Abd-Elgawad (2003);
Saleh and Gouhar (1993); Salem et al. (2012, 2016); Salem (2015);
Zayed (2008)
Bahrain Hamdi (1998)
Jordan Al Antary et al. (2015)

KSA Aldawood (2017); Al-Hudaib et al. (2007, 2008, 2017); Alkhazal et al. (2009);
Al-Saqger (2012); Al-Sager and Hassan (2011a, b); Al-Shawaf et al. (2012,
2017); Hassan and Al-Sager (2012)

Maghreb region Faleiro et al. (2012)
Qatar Abdulla (1997)
UAE Kaakeh et al. (2001a); Khalifa et al. (2007)
Unmentioned Ajlan (2008); Al-Khatri (2004); Al-Manie and Alkanhal (2007)

Host plant resistance Egypt Abbas and El-Sebay (2013); Abd-Elgawad (1996); Abd-Elgawad (2000); Abdel-
Megeed et al. (2004)
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Table 1. Continued.

Scope of study Area of study Author(s) and year
IPM Egypt Abbas (2005); Hussein (1998); Sewify et al. (2010); Sewify and Fouad
(2006)
KSA Abozuhairah et al. (1996); Abraham et al. (1998, 2000); Abraham and

Vidyasagar (1992); Al-Anazi (2017); Aldawood (2016); Ali-Bob (2019); EI-
Shafie et al. (2011); Faleiro (2005); Hussain et al. (2013b); Mukhtar et al.
(2011); Vidyasagar et al. (2000b)

Libya Al-Eryan et al. (2014)
UAE Abbas (2010); Abbas et al. (2006); EI-Ezaby et al. (1998a, b); Kaakeh
(2000); Kaakeh et al. (2001c)
Unmentioned El-Mergawy and Al-Ajlan (2011)
Non-chemical control Egypt Abdullah (2009a); Ahmed et al. (2015); Al-Bartya and Hamzab (2015);

Salama and Ismail (2007)
KSA Al-Ayedh and Rasool (2010b); Farooq et al. (2015); Fetoh (2011); Nassar
and Abdulah (2001)
Unmentioned Abo-El-Saad et al. (2013); Bream et al. (2001); Hamad and El Faith (2004);
Faleiro et al. (2019)
Physiological studies Egypt El-Naggar et al. (2010); Salama and Saker (2002); Shaarawi (2001)
Bahrain Bannari et al. (2017)

KSA Abdally (2007); Abdally et al. (2010); Abdel-Banat et al. (2017); Abd El-Fattah
et al. (2021); Al-Ayedh et al. (2006); Al-Ayedh and Rasool (2010a); Al-Dhafar
and Sharaby (2012); Al-Dosary and El-Tahir (2012); Al-Jabr and Abo-El-Saad

(2008); Aljabr et al. (2014); Antony et al. (2017); Sharaby and Al-Dosary
(2014); Tufail et al. (2017).

Unmentioned Alzahrani et al. (2013); EI-Mergawy et al. (2011c, d)
Relative susceptibility Egypt Abdel-Moniem (2016); Hussain et al. (2016a, b); Ibrahim (2010); Merghem
(2011); Mesallam et al. (2009); Mogahed (2011, 2010)
KSA Al-Ayedh (2008); Al-Nujiban et al. (2015); Hussain et al. (20164, b)
Unmentioned Faleiro et al. (2014); Al-Bagshi et al. (2013, 2008)
Review KSA Al-Dosary et al. (2016)
Seasonal abundance Egypt  El Sebay et al. (2010); Abulyazid et al. (2002); El-Lakwah et al. (2011); Saleh
etal. (2012)
Oman Abdallah and Al-Khatri (2003); Al-Khatri and Abd-Allah (2003); Azam et al.
(2001)
KSA Al-Ayedh and Aldryhim (2017); Faleiro et al. (2010); Mohammed et al. (2021)
Yemen Al-Amodi et al. (2018)
Toxicological studies UAE Kaakeh (2006)
Taxonomy Egypt Ragaei (2010); Salama and Aziz (2002, 2001)
KSA Sharaby and Al-Dosary (2006)
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Figure 1. Scope of study percentages: 1) adult trapping (pheromone traps); 2) biological
control; 3) biological studies; 4) chemical control; 5) ecological studies; 6) essential
oils; 7) feeding; 8) first record; 9) general; 10) host plant resistance; 11) [PM; 12)
non-chemical control; 13) physiological studies; 14) relative susceptibility; 15)
review; 16) seasonal abundance; 17) toxicological studies; 18) taxonomy.
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Figure 2. Participation rate/country: 1) Bahrain; 2) Egypt; 3) Jordan; 4) KSA; 5) Libya; 6)
Maghreb region; 7) Oman; 8) Palestine; 9) Tunisia; 10) UAE; 11) unmentioned.
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Abstract

Date palm (Phoenix dactylifera L.) is a socio-economically, ecologically and
agronomically important fruit tree in the Middle East and North Africa. In Morocco,
millions of date palm trees have been destroyed over a century by bayoud, a severe wilt
disease caused by Fusarium oxysporum f. sp. albedinis. The development of the date
industry in Morocco cannot be done without increasing the number of palm trees
dramatically and expanding the cultivation of this crop to new zones where the right
soil, conditions and water resources are available. The entire sector needed also to be
organized in order to increase the productivity, yield and quality of the dates upstream
and the commercialization of the product downstream of the production chain. The
Green Morocco Plan strategy is addressing these issues. The only way to offer large
numbers of certified and top-quality date palm plants to fulfil the goals of this national
program is by providing tissue culture plants. This communication shows the great
impact that tissue culture technology holds on the development of the date palm sector
in Morocco. Furthermore, it explains how the Green Morocco Plan is transforming
Morocco from one of the biggest importers of dates to an exporting country.

Keywords: date palm, tissue culture, Green Morocco Plan, Green Generation Strategy

INTRODUCTION

Date palm is an important crop in Morocco and a strategy was put in place in order to
develop this sector within the framework of a larger program on agriculture called the Green
Morocco Plan (GMP). This communication is to present the strategy followed and the key role
played by tissue culture in providing top quality plant material to fulfil the requirement for
large plantations.

IMPORTANCE OF DATE PALM IN MOROCCO

The total number of date palms in the world reaches more than 150 million trees,
represented by more than 5000 cultivars and distributed in more than 30 countries. Of which
more than 100 million trees are grown in Arab countries (Sedra, 2013). The annual world
production of dates is estimated at more than 9 million tons (FAOSTAT, 2020). The main date
producing countries are Egypt, Iran, Algeria, Saudi Arabia and the United Arab Emirates,
which hold more than 60% of the world production.

In Morocco, date palm plays a vital role in preserving biodiversity, protecting lands from
desertification, creating favorable microclimates for agriculture, and providing a steady
income to the inhabitants of the oases areas. This crop is grown mainly in areas on the
southern flank of the Atlas Mountains, along rivers and around water points (Figure 1).

The total number of date palms in Morocco is around 6.9 million trees, which represents
about 4% of the world population (MAPMDREF, 2010). The provinces of Ouarzazate (Draa
valley), Errachidia (Tafilalet and Ziz valleys) and Tata (Bani) alone represent almost 90% of
the national date palm population.

Regarding genetic resources, the Moroccan palm grove exhibits a high genetic diversity
accounting for more than 453 genotypes (52.3% as known cultivars and 47.7% as seedlings
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called khalts). However, among all the existing genotypes, 12 cultivars are the most
appreciated by farmers, namely: ‘Mejhoul’, ‘Boufeggous’, ‘Jihel’, ‘Bouskri’, ‘Bousthammi Noir’,
‘Bouslikhéne’, ‘Outokdime’, ‘Bouittob’, ‘Ahardane’, ‘Aguelid, ‘Taabdount’ and ‘Aziza Bouzid’
(Sedra, 2015).
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Figure 1. Zones where the main date palm groves are located.

At the end of the 19th century, Morocco was ranked 34 among date-producing countries
and had a prominent place in the foreign trade of dates thanks, in particular, to the quality of
these dates. Unfortunately, after this long period of prosperity of the Moroccan palm groves,
and from the beginning of the 20t century, the situation has completely declined and
continues to deteriorate mainly because of the drought, and the bayoud disease.

Drought

Although date palm is considered to be one of the most adapted species to the
conditions of arid and semi-arid zones, water nevertheless remains an essential factor for its
development and its proliferation. In 1985 (dry year), production was only 12,000 t, whereas
it was around 120,000 tin 1990 (wet year).

Bayoud disease

Although the causes of this degradation are multiple, bayoud remains, in the Moroccan
context, the most damaging disease and the most studied in the literature. Bayoud is a vascular
disease caused by the soil fungus Fusarium oxysporum f. sp. albedinis (Foa). Since its
appearance toward the end of the 19t century, this disease has caused considerable damage
to the Moroccan date palm sector, estimated at more than 10 million palm trees destroyed
(Essarioui and Meziani, 2018). Bayoud was also the cause of an intense genetic erosion
causing the disappearance of a number of good quality genotypes. The disease continues to
spread in the traditional oases by destroying the best Moroccan cultivars (‘Mejhoul,
‘Boufeggous’, ‘Bouskri’, etc.) (Sedra, 2015). In Morocco, bayoud has spread in the main palm
groves of Darda (Ouarzazate-Zagora), Ziz (Errachidia-Errfoud), Bani (Tata) and the oriental
(Figuig). The disease also exists in smaller oases such as Akka, Fom Elhisn, Fom Zguid,
Taghajijte and Guelmim (Essarioui and Meziani, 2018).

STRATEGY WITHIN THE GREEN MOROCCO PLAN (GMP)

Like other strategic sectors, the Green Morocco Plan (GMP) designed and monitored by
the Ministry of Agriculture had designed date palm as a crop of high priority in arid regions.
Indeed, this plan aims at the reconstitution and densification of existing palm groves and the
creation of new modern plantations wherever the climate is suitable and water available. To
achieve these objectives, an agreement was signed in 2010 between the Government and the
inter-profession with an investment cost of 7.7 billion Dirhams (820 million dollars). The
main objectives of this program were as follows:

- To develop the capacities of the country in terms of production of tissue culture plants;

- To rehabilitate and reconstitute the existing palm groves over a total area of 48,000
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ha;

- To create new plantations outside the traditional palm groves, over an area of 17,000
ha;

- To reach a production of dates of around 160,000 t in 2020 compared to 90,000 t at
the beginning of the program;

- To pack 70% of the production expected by 2020;

- To export 5,000 t of high-quality dates in 2020 compared to insignificant quantities
exported at the beginning of the program.

In order to implement this program, the GMP was set to have 2 pillars (Figures 2 and 3):

- Pillar 1 concerns new zones with no previous plantation at all. The land is offered for
rent to private investors with some important subsidies (35,000 dh ha-! for the plants,
80% for the investment for irrigation system and other subsidies);

- Pillar 2 concerns the traditional oasis and small producers. These small producers are
highly subsidized to encourage them for the plantation of new trees of date palm,
especially clones selected by INRA for their resistance to bayoud disease. Tissue
culture plants as well as the investment for the irrigation system is subsidized at 100%
for any farmer with less than 5 ha.

Figure 3. Traditional oasis (Pillar 2).

DATE PALM TISSUE CULTURE

The use of tissue culture techniques is by far the best way to rehabilitate the Moroccan
oases areas. Date palm is propagated in vitro using two techniques, the somatic
embryogenesis and organogenesis.
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Somatic embryogenesis is the process by which somatic cells develop into embryos
after a series of morphological and biochemical changes (Quiroz-Figueroa et al., 2006). This
technique includes a sequence of steps, namely the induction of embryogenic calli, the
formation of somatic embryos, the maturation of somatic embryos and their conversion into
plantlets. In the date palm, the success of each of these steps depends on several factors,
mainly the genotype, the type of explant and the growth regulators used (Fki et al., 2011).

In Morocco, this technique has been studied and optimized for several genotypes like
‘Iklane’ and ‘Jihel’ (El Hadrami et al., 1995), ‘Jihel’ and ‘Bousthami Noir’ (Zouine and El
Hadrami, 2007), ‘Boufeggouss’ and ‘Bouskri’ (Abohatem et al,, 2011), ‘Mejhoul’ (Mazri et al,
2018), ‘Al-Fayda’ (Mazri et al.,, 2019).

Organogenesis is the technique by which adventitious buds are formed directly on the
explant. [t comprises numerous steps: initiation of vegetative buds, bud multiplication, shoot
elongation and rooting, then plantlet acclimatization (Figures 4 and 5).
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Figure 5. Acclimatized plantlets under shade house.

The first research on the development of this technique for the date palm was carried
out at INRA-Morocco (Rhiss et al., 1979; Zaid and Tisserat, 1983; Beauchesne et al., 1986;
Aitchitt, 1989; Anjarne and Zaid, 1993; Bouguerfaoui and Zaid, 1993; Anjarne et al,, 1995;
Mazri and Meziani, 2013, 2015; Meziani et al,, 2015, 2016, 20193, b). Organogenesis is the
only technique used in Morocco for the commercial production of date palm plants. To date,
millions of tissue culture plants have been produced using this propagation technique. The
main genotypes propagated are ‘Mejhoul’, ‘Bouffegous’, ‘Bousekri’, ‘Najda’, ‘Aziza Bouzid’ and
some selected clones and males. In order to solve certain problems related to tissue culture,
particularly in terms of somaclonal variations and mixing cultivars, a rigorous traceability
system and analyses by DNA markers have been adopted.

A certification scheme was established for the production of certified date palm plants
through tissue culture. The Moroccan plants protection department (ONSSA) delivers
certifications to the producing laboratories once they comply with the regulations (Figure 6).
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Figure 6. Certified date palm ready to be planted in the field.

Situation of the date palm tissue culture in Morocco

To protect the new date palm groves from any diseases and quarantine pests, all the
new plantations had to be planted using tissue culture derived plants. This situation created
a high demand of plant material and new laboratories were established while only two excited
at the beginning of the program. This industry comprises now 7 private and 2 government
laboratories (Table 1).

Table 1. Date palm tissue culture laboratories in Morocco.

Laboratories Status Location
Laboratoire El Bassatine (Domaines Agricoles) Private Meknes
Issemghy Biotechnology Private Casablanca
Palmagro Private Agadir
Oasis Biotechnologie Private Errachidia
In vitro Palm Biotechnology Private Casablanca
Marrakech Date Palm Project Private Marrakech
Maghreb Palm Private Agadir
National date palm tissue culture laboratory INRA (PaimINRA)  Public Errachidia
Date palm tissue culture laboratory INRA Public Marrakech

These laboratories are organized under an association of plant tissue culture producers
and the government laboratories are providing technical assistance and starting plant
material. During the period of the GMP (2010-2020), three million date palm trees have been
produced and distributed to farmers. 67% of the new date palms groves are planted with the
cultivar ‘Mejhoul’ This cultivar originating in Morocco is widely demanded in the local and
international markets. Male trees as pollinators represent 3% while 30% is composed of
several other cultivars including resistant clones to the bayoud disease. These plants have
been sold to the private sector establishing modern orchards as well as to small farmers in the
traditional oasis.

To promote investment in the date sector, the government established incentives and
important subsidies. The private sector is subsidized for tissue culture plants as well as for
other investments such as irrigation systems, land preparation and machinery. The subsidy
for such a project can reach up to 50% of the total investment.

NEW STRATEGY GREEN GENERATION

As part of the continued development of the date palm sector, and after the success of
the GMP, Morocco has launched a new strategy under the name of “ Green Generation 20-30”"
(GG). The GG strategy is based on two main concepts:

The first is to consider the human element as a priority in any development related to
the agricultural sector, while the second relates to continuing the dynamism of agricultural
development and focusing on its modernization. As well as creating a new generation of
“young entrepreneurs” in the agricultural sector.

Within the framework of this strategy, it is planned to provide 5 million date palm trees
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produced in vitro to the continuing effort in establishing new date palm groves as well as
replanting (densification) the traditional oasis. The private laboratories will provide half a
million-date palm three every year.

CONCLUSIONS AND PERSPECTIVES

Planting more than 12,000 ha would not have been possible without the use of tissue
culture. Furthermore, establishing new palm groves free from bayoud using the most
demanded cultivar (‘Mejhoul’) would not have been possible either using conventional
offshoots because of the risk of contamination by the bayoud disease.

‘Mejhoul’ used to represent only 3% among the rest of the date cultivars in Morocco.
With the results of the GMP and the plantations to come within the GG, Morocco will become
a major player in the international market for this cultivar.
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Easy-PCR-XY kits for date palm and dioecious plants
sex-determination using universal PCR-primers

M. El-Din Solliman'2a and H.A.A. Mohasseb1.2b

1Plant Biotechnology Department, College of Agricultural and Food Sciences, King Faisal University, PO Box 400,
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Abstract

Commercial production of date palm, one of the most important crops in Middle-
Eastern countries, is hampered by difficulties in differentiating between male and
female plants during early development. To address this issue, in our Kits, we identified
a sex determination region on the Y chromosome (date-SRY) in the date palm. To
accomplish this, we developed a new date-sex determination Kit by using the nested
PCR method to amplify partial sequences of the data-SRY gene to identify a region of
the gene that could be confidently used to identify male date palms. The purpose of the
Kit is to carry a PCR reaction with the plant DNA templates to determine male or female
sex using PCR. The procedure is based on the amplification of a plant’s Sry gene
fragment. This gene is shorter by 550 bp on chromosome Y as compared with
chromosome X, which allows for the determination of plants’ sex by means of PCR. The
expected PCR products are 550 bp long for males or 0 bp for females. The kit is designed
to perform experiments during two laboratory applications (I - PCR set-up - 1.5 h; II -
electrophoresis - 1.5-2 h). This invention provides novel universal primers that can
amplify the fragment of SRY gene of the male human and dioecious plants using
polymerase chain reaction (PCR). These primers can generate the molecular signature
from any biological material of unknown human origin and dioecious plants male or
female, which actually is the characteristic of its sex identity. The present invention
relates to the sex determination Kits for the dioecious plants, and particularly to
genetic sex determination of the dioecious plants based on the first identification of the
SRY gene in the dioecious plants.

Keywords: dioecy sex determination, SRY, sex determination, plant sex

INTRODUCTION

Dioecious plants have separate male and female plants. The male plants may be useful
as pollinators, dioecious plants are entirely pollinated manually in both traditional oasis
horticulture and in modern commercial orchards. The method by which distinction between
male and female in an organism is under genetic control. The sex chromosomes are
responsible for the determination of separate sexes. It is a biological system that determines
the development of sexual characteristics in an organism. Traditionally, the symbol &
designates male and the symbol @ designates female. Uni-sexual diploid individuals have two
sex chromosomes, and the rest are auto-somes (El-Din Solliman et al., 2019). The polymerase
chain reaction was used to isolate the SRY gene with homologs of the conserved motif of the
SRY gene from humans and most other mammals. Several plant ‘sex chromosomes’ have the
sex-determining genes located within a small region (blue; only 10% of chromosome 1 of
papaya) where recombination does not occur (Liu et al., 2004). Some fish sex chromosomes
may be similar and small size means young, or primitive. Other plants have heteromorphic
sex chromosomes like those of humans and Drosophila, or neo-sex chromosomes (Liu et al,,
2004).

In most plants, male and female reproductive organs are found in the same flower and
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this is called a bisexual or hermaphrodite. In nematodes, earthworms both male and female
reproductive organs are found in the same individual. Male and female reproductive organs
being found in the different flowers of the same plant is called monoecious (e.g., maize, castor,
coconut). In some plants, male and female flowers are produced on different plants called
dioecious (e.g., papaya, date palm, jojoba, etc.). The physical separation of male and female
plants from each other is usually referred to as sex determination. The mechanisms used for
sex determination in different crop species have been documented in many reviews (Geber et
al., 1999; Matsunaga and Kawano, 2001; Negrutiu et al., 2001; Barrett, 2002; Charlesworth,
2002a, b).

The date palm is a dioecious, perennial, monocotyledonous fruit tree belonging to the
family Arecaceae. It is a staple food in western Asia and Africa. The date palm plant is also
considered to be an ornamental plant in these regions. Hence, it plays a major role in the socio-
economic conditions of these countries (Morton, 1987). For the desired production of date
palms, the number of female plants must be higher than the number of male plants. However,
itis currently impossible to know the sex of the plant in the early stages of plant development.
The sex of the plant can only be identified when it blooms (at approximately five years of age).
Many attempts have been made in the past to identify the sex of the plant, but most were
unsuccessful and resulted in an unpredictable number of female plants in the field and hence
an uncertain production potential of the crop. Breeding date palm plants is also challenging
because of the long phases of juvenility and dioecism. These characteristics necessitate
determining the sex of the date palm plant in the early stages of development so that the
correct plantation can be planned (EI-Din Solliman et al., 2019).

MATERIALS AND METHODS

Isolation of plant DNA
All DNA manipulations and purifications were performed according to the protocols by
El-Din Solliman et al. (2019).

Polymerase chain reaction
The reaction conditions for PCR were performed according to the protocols by El-Din
Solliman et al. (2019) and Dominguez and Lépez-Larrea (1994).

Method to early distinguish the gender of dioecious plants

At first, we tested DNA from females and males, different samples were randomly
selected from dioecious plants growing in King Faisal University Research and Training
Station. DNA from these samples was isolated following the protocols described by El-Din
Solliman et al. (2019). Human DNA samples for males and females were obtained from the
College of Medicine, KFU. The amplification of a male-specific SRY marker situated in the Y
chromosome sex determination region was amplified using a newly designed forward (F) and
reverse (R) primer.

Easy PCR XY -lab.,, kit for plants sex determination by PCR reaction

The purpose of the kit is to carry a PCR reaction with the plant DNA templates to
determine male or female sex using PCR. The kit is designed to perform experiments during
two laboratory applications (I -PCR set-up - 1.5 h; II - electrophoresis - 1.5-2 h). Information
about the kits is given here: Cat#: PCCSKU15257 PhoenixDx® Date Mix. Description: 2X Date
PCR Mix: a reagent for research use, non-toxic, non-infectious, contains no material of human
origin. Manufacturer: KFU Biotech GmbH.

RESULTS AND DISCUSSION

The diagnosis of sex in dioecious plants, humans, and most other mammals by SRY gene
technique was used to amplify DNA segments, with the objective of finding markers linked to
sex determination in the dioecious species, plants like date palm, jojoba, papaya, Silene
latifolia, and pistachios. The sex of the plant has been identified as male after additional PCR
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reactions with primers for different markers that are specific to the Y chromosome (e.g., SRY
and universal primer). The SRY marker has been previously shown to yield a 360 bp PCR
product that overlaps in size with some human and dioecious plants sequences published
before. Thus, additional PCR reactions must be performed to determine the gender of the
plant. Amplification of the male sample resulted in only one 300 to 360 bp band, which was
putatively identified as the 360-bp SRY amplification product. A primer pair according to our
invention consists of a universal forward primer SRY_uF and reverse PCR primer SRY_uR. The
sequence of the SRY-uF forward primer is given: SRY_F 5-AGAAGTGAGTTTTGGATAG
TAAAATAAGTTTCGA-3". The SRY-uR reverse primer is given: 5-CTCACCGCAGCAACGGGACC
GCTACAGCCACTGG-3".

A sex-determination method for a dioecious plant may include obtaining a sample of a
dioecious plant and determining the presence or absence of the dioecious plant SRY gene
(Figure 1) in the sample. The presence of the dioecious plant SRY gene (Figure 1) in the sample
is indicative that the sample is from a male dioecious plant. Using the sex determination
method for a dioecious plant, the sex of the dioecious plant may be determined when the
dioecious plant is still young, i.e., prior to the flowering of the plants. Also provided are kits
for the sex determination of a dioecious plant. These and other features of the present

invention will become readily apparent upon further review of the following specification and
drawings.
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Figure 1. PCR amplification for screening of the presence of SRY gene with human male (HM
and HF) and female compere with different variety of dioecious plant (dates (DM
and DF), jojoba (JM and JF), papaya (PyM and PyF) and pistachios (PsM and PsF))
using specific primers universal SryF+ universal SryR lane M DNA 100 bp marker.

Easy-PCR XY -lab.,, kit for plants sex determination by PCR reaction

The purpose of the kit is to carry a PCR reaction with the plant DNA templates to
determine male or female sex using PCR. The procedure is based on the amplification of a
dioecious plant SRY gene fragment. This gene is shorter by 550 bp on chromosome Y as
compared with chromosome X, which allows for the determination of dioecious plant sex by
means of PCR. The expected PCR products are 550 bp long for males or 0 bp for females.

Due to the lack of morphological methods to identify sex at a very early stage for
dioecious crops, sex-determination for dioecious crops during the long juvenile stage is an
economically desirable objective for all scientists dealing with dioecious crops. A primer pair
according to our invention consists of two universal PCR primers to identify SRY gene related
to the human sex-determining region (SRY) at this stage is expected to facilitate breeding
programs. A new invention and approach were adopted to isolate SRY gene which can be
identified between males and females of dioecious crops. The SRY gene sequence of some
dioecious crops was deposited in Gene Bank (date palm: BankIt1598036 DPSRY1 KC577225,
and for Jojoba BankIt MK991776, 360pb). In this invention a major breakthrough in the
methodology for sex-determining of dioecious crops such as jojoba, date palm, papaya, and
pistachios. The correct sex gene was detected in all tested dioecious plants and humans. Our

] 197

bl



newly developed strategies for unambiguously selecting the female jojoba and date palm at a
young age are very sample and very important to breeders, and therefore to limit the
plantation costs associated with the cultivation of the non-productive male plants. Fragments
of about 360 bp were isolated from dioecious plants, humans, and most other mammals by
genomic walking. A 360-bp DNA fragment was amplified from all the male samples and none
of the female samples. Therefore, this method can differentiate the sex of individual dioecious
plants for the first time. Our novel method represents a breakthrough for sex determination
of dioecious plants, humans, and most other mammals as it can identify sex at early
developmental stages. A primer pair according to our invention consists of a Universal
forward primer SRY-uF and reverse PCR primer SRY-uR. The sequence of the SRY-uF forward
primer is given: SRY_F 5-AGAAGTGAGTTTTGGATAGTAAAATAAGTTTCGA-3". The SRY-uR
reverse primer is given: 5’-CTCACCGCAGCAACGGGACCGCTACAGCCACTGG-3-.

Based on the discovery of the present kits inventors, the sex of dioecious plants may be
genetically determined by determining the presence or absence of the dioecious plant SRY
gene (Figures 1 and 2) in a dioecious plant sample. Determining the presence or absence of
the dioecious plant SRY gene (Figure 2) in the dioecious plant sample may be carried out by
any method known in the art. For example, determining the presence or absence of the
dioecious plant SRY gene (Figure 1) in the dioecious plant sample may include extracting
nucleic acids from the sample, contacting under amplification conditions the nucleic acid from
the sample with a male-specific dioecious plant SRY primer pair, and detecting the presence
or absence of amplification products or amplicons. The presence of amplification products
may indicate the presence of the male-specific SRY gene in the dioecious plants, i.e., that the
sample is from a male plant. The absence of amplification products may indicate that the
sample is from a female plant.
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Figure 2. Picture of PhoenixDx® Date Mix kits. Product Name: Sex-Determining Region Y
(SRY), PCR Kit. Full Product Name: Plant Sex-Determining Region Y Protein (SRY)
PCR Kit. Product Gene Name: SRY PCR kit.

Once the sex of the dioecious plants is determined, many dioecious plants breeders and
growers proceed to maintain only the female dioecious plants. The earliest point, however, at
which male and female trees can be distinguished by external morphology is when the plant
flowers, usually 2-6 years after planting. A method of determining the sex of the dioecious
plants at an earlier stage would avoid the need to invest time and expense in growing and
maintaining unwanted male dioecious plants. Thus, a sex-determination method for dioecious
plants solving the aforementioned problem is desired. Several plant species in which female
flowering plants are more important than male have been identified. These species include
Actinidia deliciosa (Shirkot et al., 2002), Phoenix dactylifera (El-Din Solliman et al,, 2019),
Carica papaya (Parasnis et al., 2000), Borassus flabellifer (George et al., 2007), Hippophae
rhamnoides (Persson and Nybom, 1998; Sharma et al,, 2010), Myristica fragrans (Shibu et al,,
2000), Piper longum (Manoj et al., 2005-2008), Pistacia vera (Hormaza et al., 1994), and
Simmondsia chinensis (Agrawal et al., 2007; Sharma et al., 2008).
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CONCLUSIONS

In this report, a breakthrough in the methodology for determining the sex of dioecious
plants such as date palm, jojoba, and pistachios has been developed. We concluded that PCR
as a simple, rapid, and reliable technique can complement and also confirm sex-determination
in both human and dioecious plants by using our specific universal primers pair according to
our invention.
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Abstract

This study was aimed to found out the type of bacterial species grown on the
surface of date palm tissue culture media. Shoot tips of date palm (‘Barhi’) were
cultured on MS media supplemented with various combinations of hormones. During
growth an infection appeared in all cultures which were gray in color. Primary
identification proved a bacterial infection due to its color and appearance. One type of
bacterial species was isolated from agar surface which exhibited many characteristics
for the genus Arthrobacter. The main characteristics of these isolates were aerobic,
Gram-positive, catalase-positive, spore forming non-motile. Antibiotic sensitivity test
showed that the isolate was sensitive to cipro floxacin, Trimethoprim and Amikacin and
resistant to Clarithromycin, Ceftriaxone and Gentamycin. Sequence analysis of 16 rRNA
indicated new isolates were closely related to the Glutamicibacter aitensis strain ebst40
and arthro bacterial aitensis strain L11 with the highest sequence similarity (100%).

Keywords: shoot tips, Glutamicibacter aitensis, polymerase chain reaction, hormons

INTRODUCTION

In date palm tissue culture, shoot tip cultures exhibit two kinds of contaminants.
External contaminants which can be removed by surface sterilization, while internal ones
(existed in the explants) is hard to eliminate and appear during the course of growth in vitro.

The genus Arthrobacter, was defined by Conn and Dimmick (1947) and emended by
Koch et al. (1995), belongs to the class Actinobacteria. The genus Arthrobacter comprises of
70 species with validly published names, species of the genus Arthrobacter have been isolated
from a variety of environmental sources including soil, air, water, oil brine, plants, bio-films,
cyanobacterial mats, sediment, poultry litter, cheese, human clinical specimens and animal
specimens (Ganzert et al,, 2011; Zhang et al.,, 2012).

Soil systems contain the greatest diversity of microorganisms on earth, with 5,000-
10,000 species of microorganism per gram of soil. Arthrobacter spp. strains have a primitive
life cycle and are among the most frequently isolated, indigenous soil bacteria, found in
common and deep subsurface soils, arctic ice (TC1, 2006). All species in this genus are Gram-
positive, obligate aerobes, rod shape during exponential growth and members of the genus
Arthrobacter are catalase-positive, a spore forming bacteria that display a coryneform
morphology and cocci in their stationary phase (Keddie et al., 1986).

They have a distinctive cell division called “snapping division” or reversion in which the
outer bacterial cell wall ruptures at a joint and can be grown on mineral salts pyridone broth,
where colonies have a greenish metallic center when incubated at 20°C (Camargo et al., 2004).

The Immigration of bacteria from soil represents one of the mechanisms to explain the
presence of Arthrobacter on leaf and stem surfaces of plants (Mongodin et al., 2006). Soil
particles are common on foliage of plants that are grown outdoors, wind and rain splatter may
deliver soil particles to leaf surfaces, especially if leaves are close to the soil surface (Monier
and Lindow, 2004). In a study that compared bacterial diversity of the lettuce phyllosphere to
soil in which these plants were grown, it was revealed that many bacterial species were
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common between the two compartments (Zwielehner et al., 2008). This was taken as indirect
evidence for the movement of soil bacteria to the lettuce canopy, the transport of bacteria by
soil particles across larger spatial scales has also been documented (Hua et al.,, 2007).

MATERIALS AND METHODS

Tissue culture work

Offshoots of date palm (‘Barhi’) were detached from the mother tree and brought to the
laboratory for dissecting. Each offshoot was dissected and leaves were removed acropetally.
Shoot tips (explants) were removed from the shoot terminals after all mature leaves were
peeled away. All shoot tips then were stored in cold anti-oxidant solution (100 mg L-! ascorbic
acid and 150 mg L-! citric acid) in a refrigerator until surface sterilization. Under a laminar air
flow cabinet. Tips were surface sterilized with mercury chlorid 0.1% (HgCl;) and few drops
of Tween 20 for 15 min. Then rinsed three times in double steriled distilled water.

Explants were removed and transferred aseptically to sterile Petri dish. After that
explants were cultured in jars containing MS medium, except hormone which were modified.
Cultures were incubated under specific conditions for each stage. In the multiplication and
rooting stages, gray color appeared (Figure 1), causing explants’ death (Figure 2).

Figure 1. Appearance of bacterial infection with gray color.

Figure 2. Bacterial infection led to the death of the plantlet.

Isolation and identification

Twenty samples of palm tree tissue culture were brought to the department of
microbiology in the Veterinary Medicine College, University of Baghdad to investigate the
bacterial infection which caused the death of cultured explants.

Bacterial species were isolated from the agar surface after incubation at 37°C for 48 h
using trypticase soy agar. Identification was done by biochemical tests such as catalase, gelatin
hydrolysis, citrate utilization, motility, starch hemolysis test, indole production and urease
test.
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Antibiotic sensitivity test

Antibiotic sensitivity test was performed using a disc diffusion method on Mueller-
Hinton agar according to Bauer etal. (1966). The discs of antibiotic which were used Amikacin
30 mg, amoxacillin 20 mg, clavulanic acid 10 mg, Ciprofloxacin 5 mg, trimethoprim-
sulfamethoxazole 10 mg, clarithromycin 15 mg, ceftriaxone 30 mg and gentamycin 10 mg.

Colonies of suspected bacterial isolate were transfer from pure culture, to Muller-
Hinton agar. The whole surface of the agar was covered by streaking. The antibiotic discs were
placed on the surface of the medium by using sterilized forceps pressed firmly to ensure
contact with the agar, then the plates were inverted and incubated aerobically at 37°C for 24
h. Recorded as inhibition zones were measured by mm using callipers, and the isolates were
interpreted either susceptible, intermediate or resistant to a particular antibiotic (Benson,
2001).

DNA extraction

Genomic DNA was extracted using a wizard genomic DNA extraction kit supplied by
Promega used as follows: strains were grown at 37°C for 24 h in a flask containing 500 mL
BHI broth. Cultures were harvested at 8000 g for 10 min and washed twice with 50 mM
Tris/HCI (pH 8). 15-50 mL (depending on the pellet size) of a solution containing Tris/HCI (50
mM), pH 8, sucrose (100 mM) and 0.5% (v/v) Triton X-100 was added, mixed and incubated
overnight at 37°C. Subsequently, 250 mg of lysozyme and 375 pL. mutanolysin (6 pL mL1)
were added, mixed and incubated for 1 h at 37°C. Thereafter, 3.75 mL proteinase K (20 mg
mL1) and 3.7 mL 10% Sarkosyl were added, mixed and incubated for 24 h at 37°C. Finally,
3.75 uL 25% SDS was added, mixed and incubated for 1 h at 55°C. DNA was purified according
to Brenner et al. (1982).

Amplification of 16S rRNA gene

Amplification of 16S rRNA gene was performed using GoTaq® Green Master Mix
(Promega, USA) according to the manufacturer’s recommendations. The synthesized primers
were used for amplification. Temperature-time profile of PCR was as follows: amplification
was performed using chromosomal DNA as a template and oligonucleotides Ribo-For (5’-
AGTTTGATCCTGGCTCAG-3’; and Ribo-Rev (5’-CCTACGTATTACCGCGGC-3’). Those two
oligonucleotides were designed to amplify a 540 bp DNA fragment (Keddie et al., 1986). The
nucleotide sequences were used for the analysis of sequence similarity through Blast
(https://blast.ncbi. nlm.nih. gov/Blast.cgi). The percentage differences of the resultant partial
16S rRNA gene sequences among different species in the same group/genus of species were
described previously (Zwielehner et al., 2008). Thirty cycles at 95°C for 0.5 min, 65°C for 2
min and 72°C for 2 min, all steps at maximal ramp rate (approximately 3°C s-! in heating mode
and 1.5°C st in cooling mode). Analysis of PCR products was performed using electrophoresis
in 2% gel, containing ethidium bromide. A marker containing DNA fragments of known size
was used to know the expected product size. Then gel was visualized under ultraviolet (UV)
light.

RESULTS AND DISUSSION

Isolation and identification of Arthrobacter

Tissues were cultured in nutrient agar in septic jar and incubated for seven months at
25°C (re-cultures were included). During the incubation period it was noticed that the color
of the medium turned from greenish to yellowish and then all plantlets died.

Twenty samples from the surface of infected media were cultured and incubated
overnight. The results gave one isolate, it was positive to Gram-stain, aerobic, none motile,
rod-shaped, spore forming. The bacterial isolated from agar was found to exhibit many
characteristics of the genus Arthrobacter.

Biochemical tests were done to complete the diagnosis of the Arthrobacter isolate, the
results are shown in Table 1.
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Table 1. Biochemical test for the Arthrobacter isolate.

Biochemical tests Results
Catalase +ve
Gelatinase +ve
Citrate utilization +ve
Motility +ve
Spore formation +ve
Starch hydrolysis +ve
Oxidase Variable
Indole -ve
Urase -ve
Pigment -ve
Rod +ve

Antibiotic sensitivity test

The pattern of antibiotic sensitivity to Arthrobacter species were determined using the
disc diffusion method according to the guidelines recommended by the National Committee
for Clinical Laboratory Standards as shown in Table 2.

Table 2. Antibiotic sensitivity test of the Arthrobacter isolate.

Antibiotic (ug) Susceptibility results
Amoxacillin 20 + clavulanic acid 10 mcg (AMC30)  Sensitive (++)
Amikacin (AK30) Sensitive (+++)
Trimethoprim + sulfamethoxazole (SXT25) Sensitive (+++1)
Ciprofloxacin (CIP5) Sensitive(++++)
Clarithromycin (CLR 15) Resistant
Ceftriaxone (CRO30) Resistant
Gentamycin (CN10) Resistant

The results shown in Table 2 exhibit the antimicrobial susceptibility patterns of the
isolate studied. The markedly better sensitive were Ciprofloxacin Trimethoprim +
sulfamethoxazole then Amikacin and Amoxacillin 20 + Clavulanic acid 10 pg. While the
bacterial isolates were resistant to Clarithromycin, Ceftriaxone and Gentamycin.

Amplification of 16S rRNA gene and DNA sequences

Based on 16S rRNA gene sequence similarity for this isolate was related to species of
the genus Arthrobacter arilaitensis strain L11 (100% similarity), Glutamicibacter arilaitensis
ebst40 (100%), Arthrobacter nicotianae strain (100%), and Glutamicibacter nicotianae
(100%) as shown in Table 3) according to the description sequences producing significant
alignments from NCBI Blast: 9-16srRNA.

The genus Arthrobacter was defined by Conn and Dimmick (1947) and belongs to the
class Actinobacteria. The bacterial genera that show up frequently in culture-independent
surveys is Arthrobacter (high %GC Gram-positive, family Micrococcaceae, order
Actinomycetales, phylum Actinobacteria) (Koch et al, 1995). Members of this genus
Arthrobacter are Gram-positive, catalase-positive, aerobic and asporogenous bacteria that
display a coryneform morphology (Keddie et al, 1986). This genus is phenotypically
heterogeneous and over 35 species are currently recognized (Stackebrandt and Schumann,
2000).
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Table 3. 16s rRNA gene sequences producing significant alignments (NCBI: 9_16sr RNA-R).

Description Max Total Query E Ident Accession
Arthrobacter arilaitensis strain L11 16S rRNAgene partial 793 793 100% 0.0 100% KT834847.1
sequence
Arthrobacter sp.RMR 28 16S rRNA gene partial sequences 793 793 100% 0.0 100% KT387998.1
Arthrobacter sp.ARUP UnID 131 16S rRNA gene partial 793 793 100% 0.0 100% JQ259327.1
sequences
Arthrobacter sp. VTT E-073079 16S rRNA gene partial 793 793 100% 0.0 100% EU438937.1
sequences
Arthrobacter sp.EP_S_54 16S rRNA gene partial sequences 793 793 100% 0.0 100% KJ642536.1
Arthrobacter sp.BF-2-2 16S rRNA gene partial sequences 793 793 100% 0.0 100% EU668003.1
Arthrobacter nicotianae strain 0.184 B 16S rRNA gene partial 787 787 100% 0.0 99% KF254746.1
sequences

The phenotypic identification of Arthrobacter spp. is made particularly difficult by the
fact that the description of almost every defined Arthrobacter species is based on a single
strain (Keddie et al., 1986), therefore, it might be necessary at present to supplement the
identification of Arthrobacter spp. by peptidoglycan and/or molecular genetics methods,
although the knowledge of these methods is reserved for the reference laboratories. It is
emphasized that members of the genus Brevibacterium may be readily confused with
Arthrobacter species. Strains of both genera show a marked rod-coccus cycle when grown on
suitable medium (Jones and Keddie, 1986). However, Gram stains Arthrobacter strains may
partially present as jointed rods which are not seen in true Brevibacterium strains. In our
experience jointed rods are rather rarely seen in clinical Arthrobacter isolates cultured on
SBA. Arthrobacter strains may be motile, whereas Brevibacterium strains are invariably non-
motile. Many Brevibacterium strains display a typical cheese-like odour which is not noted for
Arthrobacter strains (Funke and Carlotti, 1994).

Arthrobacter arilaitensis is one of the major microorganisms found in plant tissue
cultures, soil and at the surface of cheeses, remarkably in smear-ripened cheeses, where it is
assumed to be responsible for yellow pigmentation of the cheese’s rind because of its
characteristic overall color and its involvement at the different stages of cheese ripening
(Feurer et al., 2004; Larpin-Laborde et al., 2011).

The Arthrobacter strains that were isolated from agar of plant tissue culture were
spores originally recovered from soil ground and when there found a suitable environment. It
is evident from the phenotypic and molecular genetic data that this strain is representative to
the three new Arthrobacter species. Analysis of the 16S rRNA gene of this isolate sequence
(1482 bp) indicated that it belongs to the genus Arthrobacter according to the EzTaxon-e
server. The most closely related strains to the strain Glutamicibacter arilaitensis ebst40 (100%
similarity) were Arthrobacter arilaitensis strain L11 (100% similarity to Jensen (1960)),
Arthrobacter nicotianae strain 184B (99% similarity to Kotouckova et al. (2004)). The
phylogenetic analysis demonstrated close relationships between this isolate and the members
of rRNA cluster 2 (including Arthrobacter arilaitensis, Arthrobacter nicotianae, and
Glutamicibacter arilaitensis) (Komagata and Suzuki, 1988).

Therefore, it might be necessary at present to supplement the identification of
Arthrobacter spp. by peptidoglycan and/or molecular genetics methods, although we
acknowledge that these methods are reserved for the reference laboratories.

It is concluded that the Arthrobacter strains isolated from date palm tissue culture were
spores originally recovered from soil ground and thrived on the surface of the medium.
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Fingerprinting of Omani date palm cultivars
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Abstract

The numbers of known date palm cultivars that are distributed all over the world
are approximately 5,000, out of which about 250 are found only in Oman. It is a
dioecious, perennial, monocot plant, and its heterozygous form makes its progeny
strongly heterogeneous. Most of these cultivars were described using morphological
markers such as fruit and vegetative traits, but these are greatly affected by the
environment and are also complex. In general, the identification and evaluation of
genetic diversity between the cultivars on the basis of morphological markers is
difficult. Recently DNA markers have been used to provide the information on the
relatedness of date palm cultivars that are difficult to distinguish morphologically.
Micro-satellite simple sequence repeat (SSR) have been used widely in date palm
genetic diversity among GCC countries. In this study, the genetic diversity of 12 of Omani
date palm cultivars was studied by using 10 micro-satellite markers which are the same
markers used in GCC countries’ date palm cultivars. Mature leaves samples of all
cultivars, five replicates per cultivar, were collected from five governorates of Oman
from north and south Al-Batinah (Sohar and Barka), Al-Dhahirah (Ibri), Al-Dakhilia
(Wadi Quriate, Nizwa), Al-Sharqgiya (Samad Al-Shan, Al-Kamel and Al-Alwafi) and Al-
Burymi (Mahadah, Al-Buraymi). A total of 113 alleles were scored with average of 11.3
alleles per locus. It ranged from 5 alleles/locus for SSR (PDCAT 17) to 17 alleles/locus
SSR (mPdCIR 10). The polymorphic information content (PIC) average was 0.668. There
was genetic diversity within and among the selected cultivars and it were assessed by
using micro-satellite markers.

Keywords: molecular marker, SSR, date palm

INTRODUCTION

Micro-satellite or simple sequence repeat (SSR) molecular markers have been proven
to be very powerful in plant diversity analysis because they are locus specific, co-dominant,
highly polymorphic and highly reproducible. Genetic variation in the date palm germplasm
has been traditionally characterized using morphological descriptors. However, such
morphological markers are often unreliable and ambiguous because of the influence of
environmental factors and confounding effects of developmental stage of the plant (Barrow,
1998). The aim of this investigation was to study the genetic variation (polymorphisms)
among different Omani date palm cultivars using SSR markers. Date palm (Phoenix dactylifera
L.) is a dioecious perennial monocotyledon plant with long generation times (a period of 4 to
5 years is necessary to reach the first flowering) that belongs to the Arecaceae family
(Elhoumaizi et al.,, 2002). It is important to study the genetic diversity of the Omani date palm
cultivars, because it helps to find the identity of DNA that will help in documenting the Omani
cultivars in order to preserve them. Also, to determine the strains within species, make sure
and check conventional seedlings before being placed in the tissue propagation, definition
promising new cultivars for farmers, to make sure the genetic stability of the output of
agriculture and textile version genetic compatibility with the original certification and to
ensure product quality.
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The most common characteristics that are used to identify different cultivars of date
palm are the morphology of leaves, spines, and fruit, which are mainly based on the
characterization of introduced date palm cultivars in California (Nixon, 1950). Over the years,
many date palm cultivars have been transplanted to areas other than the area of their origin,
and they may have been given different names. As a result, a cultivar may have different names
in different areas, or two genetically different cultivars may have the same name. This may
reduce the genetic diversity of the cultivars, making them vulnerable to biotic and abiotic
stresses. In general, the identification and evaluation of genetic diversity between cultivars on
the basis of morphological markers is difficult. The identification of trees is usually not
possible until the onset of fruiting, which takes 3 to 5 years. Further, characterizing cultivars
requires a large set of phenotypic data that are difficult to access statistically and are variable
because of environmental effects (Sedra et al, 1993, 1996, 1998). Biochemical markers
(isozymes and proteins) are effective in varietal identification (Bennaceur et al, 1991;
Bendiab et al.,, 1992). However, they provide limited information and are an indirect approach
for detecting genomic variation (Elmeer and Mattat, 2015).

In this study, we aimed to investigate the genetic diversity of date palms in Oman to
improve production and reveal the genetic relationships among 10 date palm cultivars using
12 nuclear micro-satellite markers. These cultivars have names that were given by farmers
after continuous selection.

MATERIAL AND METHODS

Collection of material

Date palm material was collected as 5 replicates of 12 cultivars from the different
regions in Oman (North and South Al-Batinah, Al-Dhahirah, Al-Dakhliah, Al-Sharqgiah, Al-
Buraimi governorates) as shown in Table 1 and Figure 1. These cultivars represent the
diversity of date palm genotypes in the Omani date palm plantations. Young leaves from
mature, randomly sampled trees, were collected and stored at -80°C, until DNA extraction.

Table 1. Samples used in fingerprint study.

No. Sample name Code Location No. replicate
1 Selani SL North and South Al-Batinah, 5 each

2 Hasas HSS Al-Dhahirah, Al-Dakhliah,

3 Merzaban MR Al-Shargiah, Al-Buraimi

4 Shahel SHL

5 Menaz MNZ

6 Manhi MNH

7 Lolo LO

8 Hilali Makran HM

9 Hilali Al-Hasa HH
10 Hilali Asfer HA
11 Nasho Al-Khashba NK
12 Kash Qantrah KK

Molecular analysis

NA was extracted by using (Maxi: kit Qiagen Cat # 68163 DNeasy plant). DNA
concentration was measured using 1% agarose gel and then detected using UV light and the
device Nanodrope was used to ensure the purity of DNA by absorption measurement at a
wavelength between 260 and 280 nm to enter it in the next stage (Figure 2).The micro-
satellite amplification reaction was performed by using Applied Bio-systems (2720 thermo
cycler, Singapore) with 10 primer combinations. Table 2 shows the micro-satellite
combination and its allelic ranges (Peakall and Smouse, 2012). The PCR program had initial
denaturation at 95°C for 5 min, then 35 cycles of 95°C for 30 min, 52/55°C for 1 min, and 72°C
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for 1 min and final elongation step at 72°C for 7 min. Amplification products were separated
using 2% agarose gel electrophoresis as shown in Figure 3. The micro-satellite alleles were
detected using Beckman coulter CEQTM 8000 automated DNA sequencer machine. Control
sample in replication was used in this experiment along with the samples to be analyzed, to
ensure the repeatability and accuracy of results.

Table 2. List of microsatellite primers designed for date palm by Billotte el al. (2004) and
Akkak et al. (2009), marker name, annealing temperature Tm (0), motif repeat,
observed allelic size range (bp) and status of amplification.

No Locus Annealing Motif Expected 0b§ewed
name Sequences (5 '-3’) Tm repeat allelic range allelic range
(°C) (bp) (bp)
1 PDCAT10 F: CACTGCTCCTGTTGCCCTGT 55 (TC)1e 107-127 114-128
R: TGTAGAAGGGCAGAGGACGG
2 PDCAT14 F: TGCTGCAAATCTAGGTCACGA 55 (TC)19(TC)16 101-155 135-168
R: GTTTACCCCTCGGCCAAATGTAA
3 PDCAT17 F: CAGCGGAGGGTGGGCCTC 55 (GA)21 116-145 143-165
R: GTTTCTCCATCTCCCTTTTTCTGCTACTC
4 PDCAT20  F: TTTCAGACACATCAAGTAACGATGA 55 (GA)29 294-353 343-361

R: GTTTACGTCCACCCCAAGTTACGA
5 PDCAT21 F:GTGTTTGAAGATTGATTTTGTGTTATGAG 55  (GA)sT(GA)TA(GA), 144-150  143-163

R: GTTTCGAACTATGCACAATAGTATATTG GC(GA)5(GT)r
6 mPdCIR 10 F: ACC CCG GAC GTGAGG TG 52 (GA)22 118-161 130-152
R: CGT CGATCT CCT CCTTTGTCT C

7 mPdCIR 15 F:AGC TGG CTC CTC CCT TCT TA 52 (GA)1s 120-156 140-157
R:GCTCGGTTGGACTTIGTTCT

8 mPdCIR 16 F: AGC GGG AAATGAAAA GGT AT 52 (GA)1a 130-138 143-157
R: ATG AAAACG TGC CAAATG TC

9 mPdCIR 85 F: GAGAGAGGG TGG TGT TAT T 52 (GA)2s 152-183 174-200
R: TTC ATC CAG AAC CAC AGT A

10 mPdCIR93  F: CCATTTATCATT CCC TCTCTT G 52 (GA)16 153-184 160-181

R: CTT GGTAGC TGC GTT TCT TG

Mk

Al Batimah

| Az Zahirsh

v

Al Wases.

Figure 1. Locations of date palms collected.
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Figure 2. Measuring the purity of the DNA using a device (Nanodrop).

Figure 3. Analysis of molecular variance between Oman cultivars.

RESULTS AND DISCUSSION

The targeted fragments and allele scoring were performed by fragment analysis. For
each marker, the average number of alleles per locus, the expected heterozygosity (He) and
the observed heterozygosity (Ho) were calculated by Gene Alex 6.3 software .The genetic
similarity and the analysis of molecular variance (AMOVA) and principal coordinates analysis
(PCoA) were also calculated using Gene Alex 6.3 software. DARwin 6.0 software was used to
make dendrogram which showed the distribution of different individuals.

A total of 113 alleles were scored with average of 11.3 alleles per locus. It ranged from
5 alleles/locus for SSR (mPdCIR 57) to 20 for locus SSR (mPdCIR 10). The polymorphic
information content (PIC) average was 0.6650 and it ranged between 0.4818 (PDCAT21) and
0.9125 (mPdCIR 10) (Table 3). The average of expected heterozygosity (He) ranged between
0.227 (mPdCIR 85) and 0.718 (mPdCIR 10) and the average of observed heterozygosity (Ho)
ranged between 0.150 (mPdCIR 85) and 0.700 (mPdCIR 16) (Table 3). For most of the
markers, the observed heterozygosity value was higher than the expected one. The percentage
of polymorphic loci per cultivar varied between 60 and 100% with an average of 85% (Table
4). Molecular variance analysis showed that 70% of the variation was due to differences
within populations, while 30% was due to differences between populations in Omani cultivars
(Figure 4).

The dendrogram shown in Figure 5 illustrates the divergence between the studied
Omani date palm cultivars and suggests their tree brunching. The dendrogram is divided into
four main groups, Group A has the following cultivars (‘Lolo’, ‘Menaz’, ‘Kash Qantrah’, ‘Shahel’,
‘Hilali Makran’), while Group B has the following cultivars (‘Selani’, ‘Hasas’, ‘Manhi’) and group
C has the following cultivars (‘Nasho Al-khashba’, ‘Hilali Asfer’, ‘Merzaban’, ‘Hilali A-Hasa’) and
Group D has a combination with different following cultivars: ‘Hilali Alhasa’, ‘Shahel,
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‘Merzaban’ (Figure 6). The principal coordinates analysis (PCoA) of the 12 Omani cultivars
showed that the majority of cultivars were grouped in cluster and also dispersed among
different sub-clusters. DNA SSR markers are a powerful tool to provide information on the
relatedness of culivars that are difficult to distinguish morphologically, thus helping in the
management of plant accessions and in breeding programs. In this study, SSR markers have
been used to assess the molecular characterization and the phylogenic relationships of Omani
date palm cultivars. Present results provide evidence of a genetic diversity.

Table 3. The PIC values and alleles/loci of 17 microsatellite primer combination and
heterozygoty of Omani cultivars calculated with GenAlex 6.3 software. He: average
of expected heterozygosity; Ho: average of observed heterozygosity.

Locus name Alleles/loci PIC value He Ho

PDCAT10 10 0639  0.627 0.683
PDCAT14 10 0.705  0.262 0.167
PDCAT17 5 0573  0.375 0.483
PDCAT20 9 0.555 0427 0483
PDCAT21 7 0548 0420 0517
mPdCIR 10 17 0916  0.718 0.450
mPdCIR 15 15 0.879  0.672 0.683
mPdCIR 16 13 0.779  0.610 0.700
mPdCIR 85 " 0.570  0.227 0.150
mPdCIR 93 16 0.798  0.682 0.650
Total 13 -

Average 11.3 0.668

Table 4. Percentage of polymorphic loci of the studied Omani cultivars.

Population Percentage (%)
Selani 80
Hasas 70
Merzaban 90
Shahel 100
Menaz 90
Manhi 100
Lolo 60
Hilali Makran 90
Hilali Al-Hasa 80
Hilali Asfer 90
Nasho Al-khashba 80
Kash Qantrah 90
Mean 85

CONCLUSIONS

This study showed the distribution of Omani date palm cultivars from different regions
in Oman and analysis based on SSR markers. In the future this technique will help our study
and provide a useful tool for research on genetic diversity, gene mapping, and marker-assisted
selection in date palm. Therefore, while allowing studies on genetic variation, SSR markers
also provide information on gene function related to possible phenotypic differences between
the date palm cultivars.
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Figure 4. Principal coordinates analysis of the studied Omani date palm cultivars.

Figure 5. Dendrogram of similarity coefficients based on UPGMA cluster analysis of 12
genotypes using 10 microsatellite (SSR) primer pairs.
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Figure 6. Principal coordinates analysis (PCoA) of 12 Omani date palm cultivars.
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Abstract

Two strains of endophytic bacteria hampering date palm micropropagation were
isolated from two cultivars (‘Deglet Nour’ and ‘Barhee’). Significant differences in
bacterial population densities were observed in the cultures of the two genotypes and
in cultures established from healthy and brittle leaf disease-affected plants. Indeed, the
percentage of contaminated recipients in 3-year-old in vitro tissue cultures established
from ‘Deglet Nour’ and ‘Barhee’ were 15 and 30%, respectively. Moreover, we found that
percentage of contaminated recipients in 3-year-old in vitro tissue cultures established
from healthy and BLD-affected ‘Deglet Nour’ palms were 15 and 2%, respectively.
Embryogenic and organogenic cultures were seriously damaged by these fastidious
bacteria. They slowly turned yellow and brown and then died within three months. On
the other hand, the two bacteria were not toxic for vitro-plants as growth rates were
similar in vitro-plants growing with and without bacteria.

Keywords: date palm, micro-propagation, endophytic bacteria, brittle leaf disease

INTRODUCTION

In the last three decades, in vitro technology has been widely applied for the large-scale
propagation of plants since benefits arising from this technology are numerous. In vitro plants
are generally true-to-type and pathogen-free. Moreover, in vitro highly regenerable tissues
can be considered as being the most suitable plant material to create cryo banks (Fki et al.,
2011b) and to carry out gene transfer experimentations (Fki et al.,, 2011a). However, several
constraints may hamper the regeneration of in vitro plants such as the recalcitrance and/or
the genetic instability of some species or cultivars; and in some cases, the difficulty to
establish clean in vitro tissue cultures.

Concerning this latter constraint, the fungal contaminations are easily detected and
contaminated cultures can so be discarded early (Leifert et al.,, 1991). In contrast, the presence
of latent bacteria is a serious problem in plant tissue cultures (Leifert and Waites, 1992).
While endophytes are generally beneficial to plants in situ (Leifert et al., 1994; Benhamou et
al,, 1996; Berg et al,, 2005), they may affect culture growth under the modified conditions in
vitro.

In previous studies, we showed that date palm can be propagated through somatic
embryogenesis and organogenesis (Fki et al., 2003, 2011c; Drira and Benbadis, 1985). Few
are the authors who had accorded importance to the constraint of endophytic bacterial
contaminations in date palm tissue culture although it is well known that endophytic
contaminants with somaclonal variations constitute the two major constraints hampering
large-scale propagation program (Fki etal., 2011c).
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Today a new lethal threat, brittle leaf disease (BLD), is spreading at a fast pace, as more
than 36,000 trees are infected in Tunisia (Triki et al., 2003). The causal agent of this disease
is not yet known; it seems to be this physiological disease may be because plants find
difficulties to assimilate manganese (Saidi et al., 2012; Marqués et al., 2011). Tissue culture
technology has never been used to uncover the secrets of this disease.

This study aimed: 1) to identify the most fastidious endophytic bacterial strains
affecting date palm in vitro tissue culture, 2) to determine if populations of indigenous
bacterial endophytes in tissue cultures are influenced by host genotype and disease such as
the brittle leaf disease, 3) to determine their toxicity against plantlets and in vitro cultures
which are in proliferation phase, and 4) to find the factors that must be taken into
consideration to establish a relatively clean tissue culture.

MATERIAL AND METHODS

Plant material

Leaves, less than 2 cm in size, were excised from healthy and BLD affected date palm
offshoots for the cultivar ‘Deglet Nour’. To determine if populations of endophytic bacteria in
date palm could be influenced by host genotype or not, in vitro tissue cultures were also
established from leaves taken from ‘Barhee’ offshoots.

Tissue culture

The leaves were disinfected with 0.01% HgCl, for 1 h, washed three times in sterile
distilled water, fragmented to 3-mm pieces and then cultured for 2 years on MS medium to
which 50 g L1 sucrose, and 8 g L1 agar were added. Media were supplemented with 0.1 mg L1
2,4-D to induce callogenesis and 1 mg L-! 2,4-D to induce embryogenesis. The cultures were
maintained in the dark at 28°C during the first 2 years and then transferred on free-PGRs MS
medium in a growth chamber where photo period was 18 h. The temperature of incubation
was 28°C. Subcultures were performed once every 2 months. All media were adjusted to pH
5.8 prior to autoclaving. The antibiotic cefotaxime (Duchefa, Haarlem, The Netherlands) was
dissolved in water, the pH adjusted to 5.7, and sterile filtered. Antibiotic was added to the
medium after autoclaving and cooling.

Endophytic bacterial identification using API galleries

Our study was focused on bacteria hampering the large-scale micro-propagation of date
palm; bacteria which can be detected after the second and third subcultures were not the
subject of our study. Endophytic bacteria were isolated from 3-year-old in vitro tissue culture
and then purified by successive subcultures on BSM-Sigma.

Estimation of endophytic bacteria abundance

The percentages of contaminated cultures were determined in 3-year-old in vitro tissue
culture after a visual examination of 100 tubes. We considered that tissue in one vessel is a
culture. Measurements were repeated 3 times using different cultures.

Bacterial indexing of tissue cultures

For bacterial indexing of tissue cultures, we used 50 explants and each explant was
divided into three parts and then tested for endophytic bacteria using bacteria screening
medium (BSM-Sigma). Explants were cultivated on BSM-Sigma which contains 8 g L1 agar, 8
g L1 casein hydrolysate, 35.8 mg L! magnesium sulfate anhydrous, 2 g L potassium
phosphate monobasic, 10 g L1 sucrose and 4 g L-! yeast extract. Cultures were incubated at
27°Cin the dark.

Leaf anatomy

Transverse sections were carried out at the base of leaves using a razor blade. Sections
were first treated with 2% sodium hypochlorite for 20 min and then washed three times in
water. After that, they were treated with acetic acid for 5 min. Next, they were stained with
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carmino green and then washed in water. Finally, sections were examined under a stereo
microscope.

Statistical analysis

Results are expressed as mean percentages*standard error. The statistical analysis was
computed using SPSS 13 software. Data were analyzed by one-way ANOVA and Duncan’s test.
Values of P<0.05 were considered to be statistically significant. Experiments were replicated
three times. Data expressed in percentage were transformed by arcsin transformation and
then analyzed. Arcsin transformation (y’ = arcsin y'/2, y = original percentage/100) was done
to stabilize the variance of data.

RESULTS

Isolation, identification, abundance estimation of the most fastidious endophytic
bacteria affecting date palm tissue culture and eventual relationship with the brittle
leaf disease

Diverse endophytic contaminants were detected in date palm cv. Deglet Nour tissue
cultures (Figure 1). Fungal contaminations and some bacterial strains were detected within
2-4 weeks since they were unable to maintain a latent state in in vitro conditions.

Figure 1. Evaluation of endophytic bacteria phytotoxicity (a) before endophytic bacteria
proliferation and (b) after (2 months) endophytic bacteria proliferation. Scale bars:
10 mm.

On the other hand, two bacteria started their proliferation after 2-3 subcultures,
especially when leaves are in advanced developmental stages (>1 cm). However, in case of
juvenile leaves (<1 cm) we have to wait for more than two years (12 subcultures) to see this
kind of bacteria. The two most fastidious endophytic bacteria affecting date palm tissue
culture were orange-yellow and white of colors. Microbiological testing using API galleries
showed that they are Photobacterium damsela and Yersinia ruckeri, respectively. Furthermore,
we showed that more than 85% of contaminations were caused by white bacteria.

Several arguments were in favor of internal origin of these contaminants: 1) the
observed phenomenon was limited to date palm tissue cultures as it had never shown on the
cultures of other plants studied in the laboratory including potatoes and olives; 2) the
existence of clean date palm cell lines that had never expressed, up to now, an endophytic
contamination, yet maintained in vitro for many years; and 3) the bacterial colonies always
appeared on the tissues and never outside of their contact.

To find out if populations of endophytic bacteria in date palm could be influenced by
host genotype or not, we determined the percentage of contaminated cultures in 3-year-old
in vitro tissue cultures of two cultivars. These percentages for ‘Barhee’ and ‘Deglet Nour’ were
30+5 and 15+3%, respectively, indicating that endophytic bacteria were more abundant in
‘Barhee’. On the other hand, there was a similarity between latent bacteria strains in the two
cultivars.
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Photobacterium damsela and Yersinia ruckeri remained the most common bacteria that
can be detected in in vitro tissue cultures established from explants taken from BLD affected
plant.

However, these bacteria were more abundant in in vitro tissue cultures established from
explants taken from healthy plant. Indeed, using 1-2 cm leaves, we found that more than
15+5% of cultures established from healthy explants were contaminated, although this
percentage was only 2+1% for cultures established from BLD affected explants.

Phyto-toxicity of the two endophytic bacteria

Embryogenic culture and bud clusters proliferation were seriously affected by the
presence of endophytic bacteria. They slowly turned yellow and brown (Figure 1). Although
some part of the tissue continued to form new shoot buds and somatic embryos, within 2
weeks all the tissues died after a severe necrosis (Figure 1). It became impossible to continue
cultures any longer.

On the other hand, the two kinds of bacteria were without any effect on rooted
vitroplants. In vitro plants, cultivated on media containing or no these two endophytic
bacteria, showed a similar growth rate in in vitro conditions (0.4+0.1 cm in length per month)
and had the same leaf color and morphology.

Early detection of endophytic bacteria and problem remediation

Bacterial indexing based on the cultivation of tissues that may harbour microorganisms
on bacterial growth media (BSM-sigma) did not systematically lead to the detection of
endophytic bacteria which growth requires particular physico-chemical conditions (Figure 2).
Transfer of tissue to liquid medium stimulated endophytic bacteria proliferation which
became accessible to observation after two to three weeks. Indeed 20% of cultures that were
apparently clean expressed their endophytic bacteria when they were transferred to agitated
MS liquid medium.

’/

Figure 2. Bacterial indexing of date palm tissue cultures using BSM (a) day 1 and (b) day 15.
Scale bars: 3 mm.

Cefotaxime was not toxic for date palm in vitro tissue cultures even if added at high
concentration (500 mg L1). Control and tissue cultures cultivated on MS medium
supplemented with 100, 250 and 500 mg L-! had the same growth and were of the same
appearance. For pure bacteria cultures cefotaxime was effective as it has bactericidal effect.
On the other hand, this antibacterial compound could not be used to disinfect tissue culture
since growth of bacteria resumed upon its removal. When apparently clean tissue was
cultivated on MS medium enriched by 500 mg L1 cefotaxime the percentage of contamination
decreased enormously to be less then 2%.

Only juvenile leaves (0.5 cm) could be used to establish clean in vitro tissue culture.
Immaturity of vascular tissue in these explants may explain the absence of endophytic
contaminants (Figure 3).
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Figure 3. Portions of cross sections performed at the basal part of 7 mm leaf (a) and 25 mm
leaf (b). Scale bars: 60 cm.

DISCUSSION

In this study we found that apparently clean date palm in vitro tissue cultures harbour
latent bacteria. Yersinia ruckeri and Photobacterium damsela are the two most fastidious
bacteria hampering large scale in vitro propagation. The first one was also purified by Irum et
al. (2010) from endophyllosphere of Convolvulus arvensis. Concerning the second one, it was
isolated from pomes in the eastern Anatolia region of Turkey (Kotan et al., 2006).

Factors that stimulate endophytic bacteria proliferation are not very known up to now.
Nevertheless, it seems that stress situation was the key factor leading to endophytic bacteria
expression. In a normal situation plant cells have the capacity to control endophytic bacteria.
But stressed cells often loose this control and as consequence endophytic bacteria can start
their high proliferation. Endophytic bacteria penetration mechanism is not well understood;
this can explain the differential bacterial abundance between cultivars and species.

The endophytic bacteria detection is not easy to be accomplished as was already
reported by several authors because of the difficulties occurring at several levels. This kind of
bacteria requires very specific culture media (Leifert and Waites, 1992) and on the other hand,
they require special activation and presence in large numbers to start their proliferation
(Leifert and Waites, 1993). Moreover, the tissues of many plants release antimicrobial
substances when transferred on bacterial indexing media (Leifert et al., 1991). It was also
demonstrated that plant hormones may affect the growth of certain microorganisms by
promoting their entry into a phase of latency (Lovrekovich and Farkas, 1963). Finally, residues
of the disinfectant, used to sterilize primary explants, can block bacteria growth during the
initiation phase (Leifert et al., 1994).

Moreover, our study which was started nine years ago showed that endophytic bacteria
abundance in date palm tissues could reflect a correct plant health. Our findings, showing that
endophytic bacteria are less abundant in BLD affected plant can help scientists working on
the identification of the causal agent of BLD. We also showed that endophytic bacteria
abundance in ‘Barhee’ was higher than in ‘Deglet Nour’; this can explain the dissimilarity of
plan vigor which is clearly higher for ‘Barhee’ when compared with ‘Deglet Nour’. In this
regard, several authors have shown the beneficial effect of some endophytic bacterial strains
on the growth and the development of plant tissue culture (Leifert et al,, 1994). Specific
endophytic bacteria could be inoculated to the acclimatized in vitro plant to promote their
growth rates. These bacteria are also widely implicated in plant protection against pathogens
since they can induce ultra-structural changes in plant tissue and can neutralize the
phytotoxicity of some aggressors (Leifert et al., 1994; Benhamou et al,, 1996; Newman and
Reynolds, 2004; Berg et al., 2005). In the near future, such bacteria could be used to prepare
efficient bio-fertilizers.

In conifers, antibiotics have been used to disinfect some embryogenic cell lines (Ewald
et al,, 2000). However, many authors confirmed the inefficiency of antibiotics when added to
tissue culture media. This may be because antibiotics cannot enter upon internal tissues (Reed
and Tanprasert, 1995). We know, a long time ago that meristems, which are clusters of
undifferentiated cells, do not harbour microorganisms, so they are used to generate pathogen-
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free plants. The establishment of clean in vitro tissue culture from juvenile explants can be
explained by 1) the facile access of the disinfectant into internal tissues, and 2) the fact that in
juvenile explants, conducting tissues have not yet reached the ultimate stage of differentiation.
Similar results were obtained in banana by Van den Houwe and Swennen (2000) who had
succeeded the establishment of healthy in vitro tissue culture from juvenile explants. If these
bacteria are only present in the conducting tissue, the differentiation of in vitro tissue culture
from epidermal and sub-epidermal tissues followed by a precocious separation of the neo-
formations can facilitate the production of clean in vitro tissue culture. Defining physico-
chemical conditions that mitigate bacterial growth, without affecting plant cell proliferation
was efficient to resolve the problem of endophytic bacteria. High sucrose concentrations could
be used to inhibit endophytic bacteria proliferation.

The observations in this study showed the complexity of the problem of endophytic
bacteria in in vitro tissue culture since these fastidious microorganisms may impair
multiplication, regeneration, in vitro conservation and safe exchange of cultures. It also
suggests the need for taking into account such organisms while undertaking genetic
transformation, physiological and other in vitro studies. Endophytic bacteria could affect
molecular profiling and gene expression studies wherein DNA from the endophytes could get
co-purified unaware of their presence in the tissue (Thomas et al., 2008). Leaky expression of
some enzymes in cell and callus cultures, spurious GUS activity in transformation experiments
and aberrant patterns during molecular profiling are some documented instances of
interference by cryptic organisms.

Few are the tissue culturists who mentioned the proliferation of endophytic bacteria in
their study because this problem started to be a serious constraint after only 2 to three years
from primary explants cultivation.

CONCLUSIONS

In conclusion, this study showed the ubiquitous presence of endophytic bacteria in date
palm in vitro tissue cultures. Such bacteria have negative impact on the applicability of the
micro-propagation procedures and all other tissue culture related applications. However, we
have to notify that abundance of endophytes is a good plant health indicator. Our findings
showed that only juvenile explants could be used to establish relatively clean in vitro tissue
cultures, since antibiotics such as cefotaxime have only a bacteriostatic effect. Immaturity of
vascular tissue in these explants may explain the absence of endophytic contaminants.
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Semiochemicals and date palm IPM: an overview

J.R. Faleiroa

225 Mariella, Arlem-Raia, Salcette, Goa, India.

Abstract

Chemical signals play an important role in the survival of insects, and is being
increasingly exploited as an IPM tool. Semiochemicals are organic compounds used by
insects to convey specific chemical messages that modify insect behavior or physiology
and are species specific and harmless to the environment. These chemicals are
essential for pest survival including location of habitat, food and mates.
Semiochemicals which mediate interactions among individuals of the same species
(intra-specific reactions) are called pheromones, while those that mediate interactions
among individuals of different species (inter-specific interactions) are known as allelo
chemicals. It has been possible to identify chemical signals/cues for thousands of insect
species. Most identified insect pheromones are from the orders Lepidoptera and
Coleoptera. Sex pheromones are used to successfully control lepidopteran insects while
aggregation pheromones have been developed to control coleopteran pests. Effective
attractants, pheromones, repellents and/or host volatiles are known only for some of
the major date palm pests viz., lesser date moth Batrachedraa mydraula, greater date
moth Aphomia (= Arenipses) sabella, Indian meal moth Plodia interpunctela, raisin
moth Cadra (= Ephestia) figulilella, carob moth Spectrobates (= Ectomyelois) ceratoniae,
red palm weevil Rhynchophorus ferrugineus, rhinoceros beetle Orytes elegans, dried
fruit beetle Carpophilus hemipterus, etc. This paper gives an overview on the use of
semiochemicals in date palm IPM with emphasis on red palm weevil.

Keywords: attractants, repellents, insect control

INTRODUCTION

Date palm, Phoenix dactylifera L. (Arecaceae or Palmae) is cultivated mostly in the arid
regions of the world. The crop has played a significant role in the economy of these countries,
provides nutritional security, besides helping to mitigate the adverse effects of desertification
and climate change over centuries. It is estimated that there are 150 million date palms
worldwide, and 75% of these in the Near East and North Africa (NENA) region. Currently the
crop is cultivated over 1.40 million ha (FAOSTAT, 2019) with ~150 million date palms
worldwide. Nearly 90% (8.14 million t) of the global date production comes from the top ten
date producing countries (Figure 1). Date palm is important to the agrarian economy of
several countries with the ability to withstand severe abiotic stresses prevalent in the arid
regions of the world including hot and dry climatic conditions, water stress and salinity. Date
palm thrives in the NENA region between 24 to 34°N but is distributed between 10 and 39°N
latitude (Johnson et al,, 2013). In the last three to four decades the crop is also gaining
importance in Australia, India, Indonesia, Mexico, Namibia, southern Africa, South America,
Pakistan, and the United States (Chao and Krueger, 2007).

Buxton (1920) documented the insect pests of date palm in Mesopotamia (present day
Iraq) and elsewhere. 112 species of insects and mites associated with date palm worldwide
including 22 species attacking stored dates are enlisted in a recent report on the arthropod
fauna of date palm(EIl-Shafie, 2012). Wakil et al. (2015) reported that increased monoculture
of date palm, coupled with global warming; unrestrained use of chemical insecticides and
extensive international trade is likely to adversely impact the pest complex and the related
natural enemies in the date agro-ecosystems. Developing sustainable IPM techniques to
control insect pests in date palm is essential. In this context the use of semiochemicals in date
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palm IPM could help develop and deploy ecologically sound, economically feasible and socially
acceptable IPM techniques.

154
131
1.14 B Production
0.64
I 048 a4

Egypt Saudi Iran Algeria Irag Pakistan Sudan Oman Tunisia
Arabia

18 -
16

16 -
14 -
12 -
1 4
038 -
06 -
04 -
02
0 -

Production (Million Tonnes)

Figure 1. Top ten date producing countries (FAOSTAT, 2019).

SEMIOCHEMICALS AND IPM

Semiochemicals are organic compounds used by insects to convey specific chemical
messages that modify insect behavior or physiology and are species specific and harmless to
the environment. These chemicals are essential for pest survival including location of habitat,
food and mates. Semiochemicals which mediate interactions among individuals of the same
species (intra-specific reactions) are called pheromones, while those that mediate
interactions among individuals of different species (inter-specific interactions) are known as
allelo chemicals. It has been possible to identify chemical signals/cues for thousands of insect
species. Semiochemicals are characterized and synthesized using sophisticated equipment
and chemical methods involving nuclear magnetic resonance (NMR), solid-phase micro
extraction (SPME), gas chromatography-electroantennography (GC-EAG), gas
chromatography-mass spectrometry (GC-MS) etc. (Soroker et al,, 2015). Most identified insect
pheromones are from the orders Lepidoptera and Coleoptera. Sex pheromones are used to
successfully control lepidopteran insects while aggregation pheromones have been developed
to control coleopteran pests (Witzgall et al, 2010). Often the attraction of aggregation
pheromones is synergized by plant volatiles. Synthetic pheromone lures are powerful tools
that indicate early stages of pest or invasion, thereby enabling proper timing of selected
control measures.

Several serious agricultural pests including the carob moth Ectomyelois ceratoniae, the
army worm Spodoptera frugiperda, tomato leaf miner Tuta absoluta, fruit flies Bactrocera sp.,
mountain pine beetle Dendroctonus ponderosae, Asian citrus psyllid Diaphorinacitri and the
red palm weevil Rhynchophorus ferrugineus have been successfully managed by using
semiochemicals (El-Shafie and Faleiro, 2017a). Appropriate formulation technology for
effective delivery of the semiochemical in the field is essential. A controlled-release system of
pheromone dispenser that mimic the natural pheromone release by insect pest is required
(Baker, 2011). Limitations such as inconsistency of semiochemical product to maintain
release rate and short field longevity, together with high dispensing cost and physical
limitations of the active ingredient of the semiochemicals (instability, volatility, and sensitivity
to environmental factors like temperature and light) are the major challenges encountered in
the formulation and dispensation of semiochemicals (Mafra-Neto et al., 2014). Following are
the classical IPM approaches using semiochemicals;

- Mass elimination of the pest population may be achieved by mass trapping, attract and

kill, attract and infect or push-pull methods;
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- Mating disruption aims at interfering with the mating process of insect pests with the
expected result of reduced oviposition. Classical mating disruption is usually achieved
by permeation of the air with the volatile sex pheromone.

DATE PALM IPM AND SEMIOCHEMICALS

Effective attractants, pheromones, repellents and/or host volatiles are known only for
some of the major date palm pests viz., lesser date moth Batrachedra amydraula, greater date
moth Aphomia (= Arenipses) sabella, Indian meal moth Plodia interpunctela, raisin moth Cadra
(= Ephestia) figulilella, carob moth Spectrobates (= Ectomyelois) ceratoniae, red palm weevil
Rhynchophorus ferrugineus, rhinoceros beetle Orytes elegans, dried fruit beetle Carpophilus
hemipterus, etc. Soroker et al. (2015) enlisted the pheromones of date palm pests (Table 1).

Tablel. Pheromones of date palm pests.

Lepidoptera

Lesser date moth Batrachedra amydraula: Batrachedridae Z4, Z7-10Ac Z4-10Ac Z5-100H Z5-10Ac
Levi-Zada et al. (2011)

Greater date moth Aphomia (= Arenipses) sabella: Pyralidae Benzaldehyde sulcatol phenyl acetaldehyde
2-phenylpropenal geranyl acetone fuscamol Levi-Zada et al. (2014)

Indian meal moth Plodia interpunctela: Pyralidae Z9,E12-14Ac Z9,E12-14AldZ9,E12-140H Z9-14Ac
Zhu et al. (1999)

Raisin moth Cadra (= Ephestia) figulilella: Pyralidae ZO9E12-14Ald Brady & Daley (1972)

Carob moth Spectrobates (= Ectomyelois) ceratoniae: Pyralidae Z9E11,13-14Ald Z9E11-14AldZ9-14Ald
Baker et al. (1991)

Coleoptera

Red palm weevil, Rhynchophorus ferrugineus: Curculionidae 4S, 5S-nonanol 4S, 5S nonanone

Hallett et al. (1993)

Rhinoceros beetle, Orytes elegans: Scarabaeidae 4-methyloctanoic acid Rochat et al., (2004)

Dried fruit beetle, Carpophilus hemipterus: Nitidulididae (Sap beetles) (2E, 4E, 6E, 8E)-3,5,7-trimethyl -
2,4,6,8-decatetraene 2E, 4E, 6E, 8E)-3,5,7-trimethyl -2,4,6,8-undecatetraene (2E, 4E, 6E, 8E)- 7-ethyl-
3,5dimethyl-2,4,6,8 decatetraene (2E, 4E, 6E, 8E)- 7-ethyl-3,5dimethyl-2,4,6,8 undecatetraene

Bartelt et al. (1992)

Corn sap beetle, C. dimidiatus: Nitidulididae 3E,5E,7E,9E-6,8-diethyl-4meyhyl- dodecatetraene
3E,5E,7E,9E-5,7-diethyl-9methyl- tridecatetraene Bartelt et al. (1995)

Flower beetle C. mutilatus: Nitidulididae 3E,5E,7E-5-ethyl- 7methyl- undecatriene 3E,5E,7E-6-ethyl-
4methyl-decatriene Bartelt et al. (1993)

By far, the most widely used pheromone in date palm is the red palm weevil aggregation
pheromone synthesized by Hallett et al. (1993), used for both monitoring and mass trapping
the pest (El-Shafie and Faleiro, 2020). Over the years trapping protocols with regard to trap
design, lure-bait synergy, trap placement, lure longevity, trap servicing (periodic change of
food bait and water) have been widely studied and reported from several countries. (Hallett
et al, 1993; Oehlschlager, 2016; Soroker et al., 2015; Faleiro and Al-Shawaf, 2018; Faleiro,
2020). Pheromone trapping for RPW control cannot be relied as the sole technique but has to
be combined with other IPM tactics for the effective control of the pest (El-Shafie and Faleiro,
2017b). Dry trapping systems involving attract and kill (El-Shafie et al.,, 2011) and the bait free
Electrap™ (Al-Saroj et al, 2017) have also been reported. Although dry trapping is
advancement in RPW trapping, periodic validation of the RPW control program based on
weevil captures in traps calls for recording data on weevil captures. This is another bottle neck
especially in area-wide operations (El-Shafie and Faleiro, 2020). In this context Spotta UK, has
recently developed a prototype of a smart RPW pheromone trap that not only eliminates
servicing, but also records and automatically transmits weevil capture data on a 24x7 basis
(https://blog-spotta.co/2021-red-palm-weevils-detection-trials). = Reports of  other
semiochemical mediated control technologies against RPW involving the use of repellents
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(Guarino et al.,, 2013) and the spread of biological control agents (EPFs) using pheromone
traps (Hajjar et al.,, 2015) need to be studied and developed further. Antony et al. (2016)
identified genes involved in odorant reception and detection in the palm weevil
Rhynchophorus ferrugineus that could potentially lead to the development of a bio-sensor
enabling early detection of RPW.

In general, semiochemical technology in date palm is in the early stages of development
offering a vast potential for future innovations and interventions.
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Abstract

Oman is an agricultural country in the southeastern part of the Arabian
Peninsula. Cucumber is among the five top crops in terms of production. Despite its
importance, soil borne diseases of cucumbers, especially damping-off and wilt, have
been a major challenge to cucumber production, resulting in losses that were reported
to reach as high as 100%. Damping-off and wilt are caused by different fungal and
oomycete species, including Pythium, Fusarium, Rhizoctonia and Monosporascus.
Management of soil borne diseases has relied mainly on the use of fungicides. However,
the frequent application of fungicides has brought with it concerns from environmental
and health hazards. In addition, it resulted in the development of fungicide resistance
among populations of fungal and oomycete pathogens. Cultural practices such as soil
solarization and soil change in greenhouses have been reported to reduce pathogen
inoculum. The shift toward organic agriculture over the last decade necessitates the
development of native agents that can be used to control plant diseases. Biological
control of plant diseases has received attention from researchers due to its safety to
humans and the environment. Several bio-control agents that are effective against plant
diseases and tolerant to environmental stress conditions have been investigated. An
overview is presented about the management of damping-off and wilt diseases of
cucumber.

Keywords: Oomycetes, Pythium, control, vine decline

INTRODUCTION

Oman has been known for long as an agricultural country in the Arabian Peninsula.
Dates are the most important agricultural product in Oman, with an annual production of
about 369,000 t. Tomatoes (340,000 t), cucumbers (103,000 t), chili and peppers (93,000 t)
and melons (51,000 t) are among the top crops in terms of production in the country (Figure
1) (FAO, 2021).

The increase in cultivation and production has been associated with an increase in plant
diseases, mainly soil borne diseases. Surveys over the last two decades have shown that soil
borne diseases of cucurbits result in up to 100% yield losses to farmers (Al-Sadi et al., 2011).
The most common soil-borne disease are damping-off and wilt, which are primarily caused
by Fusarium, Pythium, Rhizoctonia and Monosporascus species(Al-Sadi et al., 2011; Al-Mawaali
etal,, 2012; Al-Balushi et al., 2018).

In Oman, cucumber seedlings are vulnerable to damping-off and wilt diseases, which
are predominant in more than 70% of greenhouses (Al-Sadi et al., 2011; Al-Balushi et al,,
2018). Wilt disease, caused by P aphanidermatum, Rhizoctonia, Fusarium and Monosporascus
species, also prevails in many greenhouses grown crops (Al-Sadi et al., 2011). Damping-off
incidence is usually highest during the first 10 days of transplanting seedlings into
greenhouses, while wilt symptoms start appearing during fruit setting (Al-Sadi et al., 2011).

Management of soil borne diseases in Oman relies mainly on the use of fungicides (Al-
Sadi, 2012; Al-Sadi et al,, 2015; Al-Balushi et al.,, 2018). Many growers also practice soil
solarization in summer and soil replacement supplementary to chemical control (Deadman
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et al, 2006). Biological control is limited to farms practicing organic agriculture(Al-Ghafri et
al,, 2020; Halo et al., 2021).
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Figure 1. Top crops in terms of production in Oman in 2020 (FAO, 2021).

MANAGEMENT OF DAMPING-OFF AND WILT DISEASES

Several strategies have been developed and implemented all over the world to manage
damping-off and wilt of cucumber (Al-Mawaali et al., 2012; Fuchs et al., 2017; Abbasi et al,,
2019; Al-Taie et al., 2020; Halo et al., 2021). The choice for these strategies depends on several
criteria including disease threshold, availability of resources and applicability to the areas in
which the strategies are to be implemented. Strategies which are developed and implemented
to manage damping-off and wilt diseases can be divided into different types, the most
common of which are cultural, chemical, and biological.

Cultural practices

Cultural practices are important in the management of soil borne diseases of cucumber
and other horticultural crops. They include soil solarization, crop rotation, replacement of old
soil with new soil and irrigation management (Farrag and Fotouh, 2010; Shlevin et al., 2018;
Flower et al., 2019). Soil solarization has been reported to reduce populations of Pythium,
Fusarium and Rhizoctonia species (Deadman et al., 2006; Farrag and Fotouh, 2010; Yao et al,,
2016; Kokalis-Burelle et al., 2017; Shlevin et al., 2018). Soil solarization also proved to be
effective when combined with organic amendments (Bidima et al., 2022). However, it is
known to reduce bacterial and fungal communities, so subsequent application of bio-control
agents to the soil is recommended (Funahashi et al., 2022). Crop rotation is also effective in
managing root diseases caused by soil borne pathogens (He et al., 2021). Rotating cucumber
with cress has been found to decrease pathogens and increase cucumber yield (Gong et al.,
2021). In addition, controlling the amount of water applied to seedlings and plants helps
reduce disease levels (Al-Sadi et al., 2010).

Soil solarization and soil replacement are commonly used to manage damping-off and
wilt of cucumber in Oman. Soil solarization was reported to reduce pathogen inoculum in
greenhouses (Deadman et al., 2006). In addition, combining solarization with bio-fumigation
using cabbage (Brassica oleracea L.) leaves gave promising results (Deadman et al., 2006). Soil
replacement is another cultural practice employed by growers in Oman to manage Pythium
inoculum in greenhouse systems (Al-Sadi et al., 2008b). Soil replacement involves the removal
of the top layer of cultivated soil (~30-60 cm) and introducing new uncultivated soil.
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Chemical control

Control of damping-off and wilt of cucumber is mainly achieved through the use of
chemical fungicides. Several fungicides are used for the control of these diseases, including
metalaxyl (or mefenoxam) (Al-Sadi, 2012; Liu et al., 2018; Naz et al,, 2018; Matic¢ et al., 2019),
propamocarb (Rekanovic et al, 2007) and hymexazol (Al-Balushi et al, 2018). These
fungicides however, vary in their characteristics and efficacy in the management of damping-
off and wilt diseases.

Metalaxyl (mefenoxam) continues to be a leading fungicide for the control of Oomycete
diseases and it is registered for use in over 100 agricultural crops as seed, soil and foliar
treatments (Meena et al., 2019; White et al.,, 2019; Subharathinam et al., 2020; Hassanisaadi
et al,, 2021). It is a phenylamide fungicide that was introduced into agriculture in the late
1970s. It comes under several trade names such as Ridomil®, Apron®, Delta-Coat AD® and
Subdue 2E®. Metalaxyl is usually applied as a soil treatment before or after transplanting
seedlings into greenhouses. In addition, several growers were reported to have used multiple
applications of metalaxyl per growing season in order to manage subsequent infections from
Pythium.

The frequent use of fungicides, including metalaxyl, has been accompanied with
problems, the most important of which are the development of fungicide resistance and rapid
bio-degradation in soil. Experiments showed that phenylamide resistance is due to a change
at the target binding site, resulting in a lack of inhibition of the process of RNA synthesis.
Isolates exhibiting resistance to one fungicide of the group phenylamides can become
resistant to the others; a phenomenon called cross resistance. In Oman, resistance was
reported among Pythium species to hymexazol (Al-Balushi et al., 2018), but no report of
resistance to metalaxyl has been reported so far.

Rapid bio-degradation of fungicides is another challenge to the use of these chemicals
(Al-Sadi et al., 2008a). In Australia, fluctuations in the efficacy of metalaxyl fungicides in the
control of cavity spot of carrots caused by some Pythium species between sites revealed that
the continuous use of metalaxyl fungicide in some sites resulted in decreased persistence of
the fungicide in soil, with the half-life in previously untreated soil of 82 days, being reduced
to less than 10 days where the fungicide was used previously (Davison and McKay, 1999). In
Oman, rapid bio-degradation of metalaxyl is common in some greenhouse soils (Al-Sadi et al.,
2008a), which led to failure of control of damping-off disease.

Biological control

Biological control of damping-off and wilt diseases gained increased popularity.
Suppression of these diseases by fungal bio-controller bacterial agents has been attained
using several fungal and bacterial strains (Bélonoznikova et al., 2022; Chowdhury et al., 2022;
Marian et al., 2022; Praveena et al.,, 2022; Siddiqui et al., 2022). Mycorrhiza are also known to
improve resistance of cucumber to root diseases (Ravnskov et al, 2020a). Several
Trichoderma species are used as bio-control agents for cucumber root pathogens (Chen et al,,
2018; De Corato et al,, 2018; Abed et al., 2021; Mahmoud and Abdalla, 2021). Trichoderma
brevicrassum showed promising results in the management of cucumber root diseases caused
by Rhizoctonia species (Zhang and Zhuang, 2020). T. harzianum is a commonly used in the
management of root diseases of cucumber (Javanshir Javid etal.,, 2016; Chenetal,, 2017,2019;
Abed etal., 2021). Aspergillus, Cladosporium, Talaromyces and Funnelliformis species have also
been reported to have antagonistic activities against Pythium species infecting cucumber
(Table 1).

In Oman, Pseudomonas aeruginosa showed antagonistic activities against Pythium and
Fusarium (Al-Hinai et al., 2010). Tomato rhizosphere bacteria, Exiguobacterium indicum and
Bacillus cereus (Al-Hussini et al.,, 2019) and the endophytic fungus Aspergillus terreus isolated
from native plants Rhazyastricta and Tephrosia apollinea (Halo et al,, 2018) were found
effective against P aphanidermatum. A novel fungus, Cladosporium omanense, and an
endophytic bacterium Enterobacter cloacae showed antagonistic activities against cucumber
damping-off (Kazerooni et al., 2020; Halo et al., 2021). Several other bio-control agents were
reported from Oman during the last 3 years (Al-Badri et al., 2020; Al-Daghari et al., 2020; Gaya
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Karunasinghe et al,, 2020; Al-Nadabi et al,, 2021).

Table 1. Examples of fungal bio-control agents with antagonistic activities against Pythium

species.

Biocontrol agents Oomycete pathogens References

Aspergillus insulicola P. aphanidermatum Karunasinghe et al., 2020

A. melleus P. aphanidermatum Karunasinghe et al., 2020

A. terreus P. aphanidermatum  Halo et al., 2018; Al-Shibli et al., 2019

Cladosporium omanense P. aphanidermatum Halo et al., 2021

Funnelliformis mosseae P ultimum Ravnskov et al., 2020b

Talaromyces pinophilus P. aphanidermatum Kazerooni et al., 2019

Trichoderma hamatum P. aphanidermatum Al-Taie et al., 2020

T harzianum P. aphanidermatum  Al-Taie et al., 2020; Abed et al., 2021

T. viride P. aphanidermatum Abed et al., 2021
CONCLUSIONS

Soil borne diseases represent a challenge to the cultivation and production of cucumber
in soil-based systems. Although they are widely distributed in greenhouses in Oman, their
successful management depends on the combined use of cultural and chemical methods.
Proper solarisation of greenhouse soil in summer is recommended to reduce pathogen
inoculum. Alternation of fungicides is important to prevent the development of fungicide
resistance. In addition, fungicides should be applied before transplanting to reduce the chance
of appearance of pre-emergence or post-emergence damping-off. Also, a follow up treatment
is usually recommended before fruit setting to reduce the chance of development of wilt
symptoms. The use of bio-control agents, especially Trichoderma species, can help reduce
disease incidence in farms practicing organic agriculture.
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Oryctes Nudi virus against coconut rhinoceros beetle
and possibility of its use against date palm dynastid
beetles

G.O. Bedforda
School of Natural Sciences, Macquarie University, NSW 2109, Australia.

Abstract

The culture, release, establishment, and effect of Oryctes Nudi virus (OrNV)
against the coconut palm rhinoceros beetle Oryctes rhinoceros L. is summarised. The
occurrence of possible tolerance to OrNV in certain beetle populations in recent years
is discussed. It is suggested that field-collected strains or variants of OrNV may be
tested against the larvae and adults of date palm dynastid pests Oryctes elegans and
Oryctes agamemnon for possible biological control.

Keywords: elegans, agamemnon, Elais, Cocos nucifera, Phoenix, dactylifera

INTRODUCTION

Certain species of dynastid beetles are important pests of palms. Oryctes rhinoceros L.
attacks the coconut palm (Cocos nucifera L.) by boring into the heart at the crown causing
emerging fronds to show typical V-shaped cuts reducing photosynthetic area (Figure 1).
Heavy prolonged damage to the crown meristem causes death of the palm (Figure 2) (Bedford,
1980, 20134, b). It causes similar damage or death to young oil palms (Elais guineensis Jacq.)
(Bedford, 2014). Oryctes elegans Prelland, Oryctes agamemnon Burmeister cause damage to
date palms (Phoenix dactylifera L.) (Bedford et al, 2015). The current paper provides
commentary rather than giving new data.

RESULTS AND DISCUSSION

Oryctes Nudi virus (OrNV) against the coconut palm rhinoceros beetle (CRB) Oryctes
rhinoceros

Since the 1970s OrNV has been released and established in many coconut palm
locations, initially by release into the pest’s breeding sites, later by infecting and releasing
adult beetles. OrNV at that time was produced by having larvae feed on OrNV-contaminated
food, and when they died the dead larvae contained much fresh OrNV material. Since the
1980s OrNV has been produced by infecting cells in tissue culture of the African black beetle
Heterony chusarator F. (Crawford and Sheehan, 1984, 1985). After establishment, OrNV has
lowered O. rhinoceros populations and damage by killing larvae and reducing life span of
adults (for results obtained by workers at various locations; see Bedford, 1976, 1980, 1981,
2013 a). Fall in damage as an index of population fall is often particularly noted in localities
where there had been high beetle populations and damage at the start which may facilitate
OrNV establishment and transmission. Rhinoceros beetle populations persist but often at a
lower level than before OrNV establishment, as every patch of coconut palms is a unique
ecosystem with many different parameters and variables. At three locations in Fiji where
there had been high initial damage (as an index of beetle population), damage fell
considerably after establishment of OrNV and was found to be still at a lower level 35 years
later (Bedford, 2013b) (Figure 3).
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Figure 1. Coconut palm damaged by Oryctes rhinoceros near Togo were, Viti Levu, Fiji. It

Figure 2.

Figure 3.
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would be scored as damaged in a rapid damage survey, and the number of fronds
damaged would be counted for a detailed damage survey (Reproduced with
permission from the Annual Review of Entomology, Volume 58 ©2013 by Annual
Reviews, http://www.annualreviews.org).

Coconut palms killed and reduced to poles due to repeated heavy attacks by Oryctes
rhinoceros, Drauniivi, Fiji. Breeding is now taking place in the tops. (Reproduced
with permission from the Annual Review of Entomology, Volume 58 ©2013 by
Annual Reviews, http://www.annualreviews.org).
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Change in palm damage at the 3 sites studied. C = Caboni, NL = Nadi - Lautoka Road,
T = Tamavua, DDS = detailed damage survey (percentage of fronds damaged in a
palm sample), RDS = rapid damage survey (percentage of palms in a sample with
recent damage i.e., to central 3-4 fronds), S = significant difference p<0.05, NS = no
significant difference p>0.05, and 2010 results are shown in brackets. (Reproduced
with permission from the African Journal of Agriculture 8 (49), 6422-6425).
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Recent developments with OrNV and CRB

Recent CRB invasions in the Pacific e.g., Guam showed apparent resistance to samples
of OrNV strains applied. Specimens showed a base change at a particular nucleotide position
in the partial CO1 gene sequence of mitochondria and were named haplotype CRB-G (Marshall
et al, 2017). It is not known at present if this mitochondrial genome change has any causal
relation to OrNV tolerance or resistance. Another mitochondrial haplotype, CRB-S, long
established in South Pacific countries, remained susceptible to OrNV. But, as viruses may
mutate, the possibility was raised that OrNV, produced by multiplication in H. arator tissue
culture and given the brief generation time there of 12-16 h, might mutate and evolve to adapt
to replicate in H. arator cells and undergo concomitant reduction or loss of ability to attack
cells of the target, O. rhinoceros (Bedford, 2018). There is no genomic data available on this
risk at present.

In the Solomon Islands OrNV has been found recently in CRB-G specimens. As CRB-S has
also been found there, so there is possibility of interbreeding of the two haplotypes (Etebari
etal, 2021) OrNV has also been found in CRB-G in Palau (Tanaka et al., 2021). So with OrNV
now found in CRB-G, the classification of CRB according to mitochondrial haplotype may no
longer be useful regarding susceptibility or non-susceptibility to OrNV. It is understandable
that CRB of whatever haplotype may evolve tolerance or resistance to OrNV, and this could
well be due to changes in the nuclear genome, in which case the CO1 mitochondrial genome
may no longer be relevant. It is not known if there is any interaction between mitochondrial
and nuclear genomes, regarding OrNV, in CRB.

It would be helpful to collect further strains or variants of OrNV from field populations
of CRB over its range. And might it be possible to develop tissue culture of O. rhinoceros, the
target, in which to multiply them, and thus move on from H. arator culture?

Application of OrNV work to date palm dynastids

The possibility of testing OrNV against date palm dynastids O. elegans and O.
agamemnon has been suggested (Bedford et al., 2015). Field-collected variants of OrNV could
be mixed with food material of date palm dynastid larvae to see if mortality occurs, and would
indicate whether natural transmission is likely. OrNV variants could be applied to mouth parts
of adults to see if infection occurs, with shortening of lifespan. Midgut and other tissues can
be examined histologically and by OrNV genome detection techniques to look for evidence of
OrNV multiplication. If there is evidence of adults being able to be infected, they could be
confined with larvae in larval breeding site/food material to see if adults defaecate OrNV
virions into the material and thus infect larvae, which would be a good indication of the
likelihood of transmission in the field. Infected adults could be confined with non-infected
adults to see if body contact leads to transmission via mouth parts. If OrNV is found to infect
species of date palm dynastids, it could be multiplied in bulk by infecting larvae, so it is thus
being obtained from larvae it had killed. This would be an alternative to multiplying it in tissue
culture of a non-target organism e.g., H. arator, and so avoid the possibility of it evolving and
adapting to attack tissue culture cells while undergoing reduction or loss of its ability to attack
the intended target, the species of date palm pest Oryctes.

CONCLUSIONS

OrNV has lowered populations hence damage of the CRB at many locations in the South
Pacific. As viruses may mutate, there is a possibility it may evolve during production in tissue
culture of cells which are not from the target pest and hence undergo reduced virulence
against the target, CRB. Also, genotypes of CRB may appear which show tolerance or
resistance to strains of OrNV.

Field-collected strains of OrNV could be tested for possible infectivity or virulence
against larvae and adults of the two species of dynastid pests attacking date palms.
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Biology, ecology, and management of the longhorn
date palm borer Jebusaea hammerschmidtii
(Coleoptera. Cerambycidae)
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Abstract

The longhorn beetle (LHB) Jebusaea hammerschmidtii (Reiche) (Coleoptera:
Cerambycidae) is a major pest of date palm Phoenix dactlylifera L. in the Middle East.
The larvae tunnel and feed inside the palm trunk and thus difficult to control with
insecticides. The flight characteristics of the beetle were studied using a computerized
flight mill under controlled environment. For the management, two trials were carried
out to evaluate the efficacy of phosphine gas and ECO2FUME (EF) in the management of
this beetle. In the first trial, artificially infested date palms, under field conditions, were
used to test the efficacy of phosphine, while the second trial dealt with the efficacy of
EF on naturally infested date palm offshoots in airtight fumigation chamber. The
maximum cumulative distance flown by the beetle was found 11.5 km at a temperature
of 35°C, while a minimum distance of 2.4 km was recorded at 45°C. EF in combination
with phosphine concentration of 1500 ppm and exposure period of 72 h at 25°C was
effective against J. hammerschmidtii.

Keywords: cerambycid beetle, phosphine, fumigation, management

INTRODUCTION

The longhorn beetle Jebusaea hammerschmidtii (Reiche 1878) (Coleoptera:
Cerambycidae) is a highly destructive pest of date palm Phoenix dactylifera L. (El-Shafie, 2015;
Al-Saeedi, 2019; Dias et al.,, 2021; El-Shafie et al., 2022) in almost all date palm-growing
countries where it inflicts serious economic damage. The larvae of J. hammerschmidtii are the
main feeding stage that consumes the palm internal tissues leading to considerable economic
damage (Khalaf et al., 2010; Ali and Hama, 2016; El-Shafie and Mohammed, 2016; El-Shafie,
2019, 2021). Recently, Dias et al. (2021) announced the mitochondrial genome of J.
hammerschmidtii, which consists of 15619 bp and contains 13 protein coding, 22 tRNAs, and
two rRNAs genes. Due to the cryptic nature of the beetle, chemical control is difficult, however,
treatment of date palms with insecticides as spray, injection into the trunk, and soil
application proved to be effective in controlling this pest (Al-Deeb and Khalaf, 2015; Al-Saeed,i,
2019). Phosphine gas could be used as curative treatment for severely infested palms (El-
Shafie, 2019). This article aims at evaluating the efficacy of phosphine and ECO2FUME in the
management of the longhorn date palm borer in the field and for quarantine purposes.

MATERIALS AND METHODS

Flight characteristics

Forty un-sexed adult beetles of unknown age and mating status were flown on the flight
mill (Mohammed et al., 2021) to obtain flight metrics such as distance flown, flight velocity,
and frequency and length of flight bouts. To elucidate the effect of temperature on LHB flight
characteristics, six different treatment temperatures of 20, 25, 30, 35, 40, and 45°C were
applied. Three replicates of each temperature were used under a controlled relative humidity
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of 35%. The statistical analysis was conducted using one-way analysis of variance (ANOVA)
by the statistical software package IBM SPSS (SPSS Inc., Version 24, Chicago, USA). In addition,
Tukey multiple range tests were used to find means significantly different between the
different treatment temperatures of 20, 25, 30, 35, 40, and 45°C with three replicates at
P<0.05. The regression models and the correlation coefficients were determined using
Microsoft Excel (Microsoft 365).

Management
To evaluate the performance of phosphine in the management of /. hammerschmidctii,
two trials were carried out which are described hereunder:

1. Experiment L.

This experiment was done in the field on May 25, 2019. Twenty-four 10-year old date
palms of the popular cultivar ‘Khalas’ were selected for this experiment. Each date palm was
artificially infested with 5 medium size larvae of J. hammerschmidtii by making holes in the
trunk using an electric drill. The holes were then carefully sealed with the sawdust that had
oozed out during drilling to keep away predators, particularly ants. The larvae were allowed
for a week to acclimatize before the commencement of the trial. Treatments used were 0.5,
1.0, 1.5, 2.0, 2.5, and 3.0 g of aluminum phosphide m-3 of the date palm trunk (3 g aluminum
phosphide generate about 1 g of phosphine). Two controls wre used, namely a palm with
plastic cover and another palm without cover. After application of the phosphine, each
treatment was perfectly covered with a gas-proof plastic sheet. After five days, the larvae were
dug carefully out of the trunk and mortality was then calculated. Collected data were
statistically analyzed using one-way analysis of variance (ANOVA) by the statistical software
package IBM SPSS (SPSS Inc., Version 24, Chicago, USA).

2. Experiment II.

In this experiment, date palm offshoots naturally infested with J. hammerschmidtii were
fumigated in an airtight fumigation chamber using ECO2FUME (EF). EF is a mixture of
liquefied gas consisting of 2% phosphine and 98% carbon dioxide (COz) by weight in high-
pressure cylinder of ~50 bar (31 kg of CO; containing 620 g of phosphine).

Twelve offshoots were selected from 30-year-old plantations and were then detached
from their mother and kept in a humid shaded place until used. The infested offshoots were
then placed inside the fumigation chamber where temperature and relative humidity were
measured using digital data loggers. Temperatures ranged between 20 and 25°C and relative
humidity was 58-60% during the trial. The EF was released in the chamber at a concentration
of phosphine equivalent to 1500 ppm for exposure times of 24, 48 and 72 h. After the
respected exposure periods, the offshoots were dissected using sickle and electric chain saw
to look for larvae of the longhorn beetle. The insects retrieved from the dissected offshoots
were put on a white cork board in an aerated place for a few hours before dead larvae were
counted. This is a recovery period for the paralyzed larvae to be noticed if there is any.
Collected data were then used to calculate mortality percentage and efficacy of the EF gas. The
median lethal time (LTs0) and 95% lethal time (LT9s) with 95%, confidence limits for the
longhorn insect were determined using the probit analysis in IPM SPSS statistics version
22.The regression models and the correlation coefficients were determined using Microsoft
Excel (Microsoft 365).

RESULTS AND DISCUSSION

The LHB was found to stop flying at 20°C, while a normal flight was noted from 25 to
40°C (Figure 1). Based on these results, the temperature of 35°C is considered optimal for
flying the LHB with a high cumulative flight distance of 11.20£2.4 km. However, the maximum
flight speed of 107.05+7.1 m min-! was achieved at 40°C. Under semi-field conditions, the
optimum temperature for adult emergence of /. hammerschmidtii in Iraq ranged between 33
and 34°C (Al-Saeedi, 2019) which conforms with our study.
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Figure 1. Effect of atmosphere temperature treatments on the cumulative flight distance of J.
hammerschmidtii using the computerized flight mill at RH of 35%. The different
superscript letters show a significant difference between the means values
(P<0.05).

The mortality percent of the different treatments ranged between 30 and 100% and
there seems to be a dose-dependent mortality (Figure 2). There was no significant difference
among the concentrations of 6, 7.5, and 9 g.

The LHB exhibited slow response to the gas during the 24-48 h. exposure period.
However, at 72-h exposure period, all larvae of LHB were dead. The estimated lethal time that
kills 95% of the larvae of LHB found at the surface of the offshoot and deeper inside the trunk
were 50 and 66 h, respectively (Table 1). The hiding behavior of the LHB larvae in sealed
feeding tunnels may account for the reason behind the delayed response to the gas treatment.
The nature of damage by the LHB is characterized by making separate narrow feeding tunnels
in the internal tissue sealed with remains of consumed palm tissues and frass of the larvae
(El-Shafie, 2015, 2019).
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Figure 2. Mortality percentage of /. hammerschmidtii larvae in date palm trunk treated with
different concentration of phosphine gas.
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Table 1. Median lethal time (LTso) and lethal time for 95% mortality (LT95) in hours of the
longhorn beetle . hammerschmidtii larvae exposed to ECO2FUME gas at phosphine
concentration of 1500 ppm.

Infestation LTs0 (%) LTos (%)
depth? Estimate Bound Estimate Bound
1&2 FW 31.07 274-34.7 4968 45.3-55.1 -2.746 0.189 12.89
384 FW 3893 35.3-426 5754 53.2-629 -3.441 0.223

586 FW 4707 435-50.7 6568 61.3-71.2 -4.160 0.254

aFW = frond (leaves) whorl that constitute the offshoot trunk, 1&2 FW represent the outer most leaves while 5&6
FW are the inner most leaves LTso and LTes, calculated at 95% confidence limits.

Intercept SE  Chi-square

The compact layers of sheaths may hinder the infiltration of gas and may provide
explanation of survival of older larvae after 24 h exposure to EF gas (El-Shafie et al., 2020). Al
Ballaa and Faleiro (2019) recommended the use of solid phosphine formulation as fumigant
for quarantine treatment of date palm offshoots against the red palm weevil, Rhynchophorus
ferrugineus. Unlike dipping in insecticides, fumigation with EF gas allows cost-effective
handling of large number of offshoots in relatively shorter time without adversely affecting
the environment. Recently, Wakil et al. (2021) reported the development of phosphine
resistance in four key stored products pests, including one that infest dates. The application
of phosphine against date palm borers including Jebusaea hammerschmidtii should be
cautiously taken for the safety of operators and avoidance of resistance development. The use
of light traps for mass capturing of adult beetles, pruning of old fronds, proper watering and
fertilization of date palms help to a great extent in the management of this beetle.

CONCLUSIONS

J. hammerschmidtii has become a serious pest of date palm in recent years. It has a
relatively long life cycle and the larval stage lasts for almost a year. The beetle is strong flyer
and has the capacity to disperse in date palm plantations. For the management, phosphine gas
and ECO2FUME at phosphine concentration of 1500 ppm for 72 h exposure time proved to be
effective for controlling J. hammerschmidetii in the field for quarantine purposes, respectively.
However, because phosphine and ECO2FUME have no residual effect after treatment,
precautions have to be taken to prevent post-treatment infestation.
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Abstract

Dubas bug (Ommatissus lybicus de Bergevin; Homoptera: Tropiduchidae) is a
serious sucking insect of date palm all over the world. Its attack destroys the tree by
feeding on the nutrient sap and reduces the fruit production. Various strategies have
been used to control this bug like trunk injection (dichlorvoes, aldicarb, butocarboxim)
and aerial sprays of chemicals. However, the application of chemicals is harmful for
human, environment and other species. Moreover, pesticide residues have also been
reported from date palm fruits. To address these concern in date palm production, we
evaluated two different isolates of Beauveria bassiana and one dose rate of
chlorantraniliprole each individually and in combination against dubas bug. Beauveria
bassiana was applied at 1x107 conidia mL-* while chlorantraniliprole was used at 0.05
ppm, respectively. Mortality data were recorded at 3, 5 and 7 days post-application. The
results revealed that the combination of B. bassiana with chlorantraniliprole gave
significantly higher mortality than when used alone. The combination of
chlorantraniliprole at 1x107 conidia mL-1 with Bb2 isolate of B. bassiana resulted in the
highest mortality of dubas bug. The mortality of dubas bug with B. bassiana was
increased with exposure interval. The results showed that B. bassiana with insecticide
can be a promising strategy to be considered as part of IPM program of dubas bug in
date palm.

Keywords: entomopathogenic fungi, anthranilic diamide, biological control, IPM, Ommatissus
lybicus

INTRODUCTION

Pakistan ranked 4t place in terms of area and production of date palm and its
cultivation is confined to hot areas of Pakistan (Shah et al., 2013). A variety of insect pests and
pathogen attacks on date palm result in substantial yield losses all over the world. Among
insect pests, dubas bug Ommatissus lybicus de Bergevin (Hemiptera: Tropiduchidae)
infestation in the Middle East, Africa and in Pakistan is an emerging threat to its production
(Al-Kindi et al., 2018). Its first infestation was reported in 1999 and ever since, it is spreading
with alarming rate and causes tree decline (Zamani et al., 2013). The adults and nymphs suck
the cell sap and damage trees by excretion of honeydew. Its nymph passes five instars with
two generations per year. Chemicals are extensively used to control this insect but the
continuous application resulted in the development of resistance in this insect (Dehghan et
al,, 2021). Entomopathogenic fungi may serve as alternative as part of IPM being eco-friendly
in nature (Zamani et al., 2013).

The current study was conducted with the objective to control dubas bug with
Beauveria bassiana in combination with chlorantraniliprole in order to develop a successful
integrated management program of this insect pest.

aE-mail: usmanghazanfar1972@gmail.com
bE-mail: wagaswakeel@hotmail.com
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MATERIALS AND METHODS

Rearing of insect

The colony of dubas bug was collected from date palm growing area and reared on date
palm seedlings at 27°C, 65% RH and 14:10 (L:D) photo period. Newly emerged adults were
collected from the colony and used for bioassays.

Entomopathogenic fungi

Two Beauveria bassiana isolates were taken from the cultural collection of Department
of Plant Pathology, College of Agriculture, University of Sargodha, Pakistan. These isolates
were cultured on PDA and stored at 25°C. The plates were dried under the aluminum foil pans.
The conidia were harvested with sterile scalper. The desired concentration (1x107 conidia
mL-1) were achieved using hemocytometer.

Insecticide

The suspension concentrate which contains 200 g L1 chlorantraniliprole (a.i.),
anthranilic diamide (Coragen 20 SC), FMC United Pvt. Limited (Lahore, Pakistan) was used in
bioassays.

For bioassays the adults (alive) were surface sterilized with 70% ethanol, then later on
washed with sterilized water in order to remove the excessive ethanol. They were treated with
desired concentration of fungal isolates by spraying the spore suspension with an airbrush
(Master Multi-purpose Airbrush, USA). Different airbrushes were used for chlorantraniliprole
and conidia suspension. For combined treatments, the chlorantraniliprole was sprayed first
and followed by conidial suspension. The treated insects were keptat 27°C, 65% RH and 14:10
(L:D) photo period. Treatments were arranged in complete randomized blocks and consisted
of 25 dubas bugs (mixed sex) per treatment. Each treatment was replicated thrice while the
experiment was repeated three times independently in order to avoid pseudo replications.
For control treatments the adults were treated with sterilized water only. The mortality was
recorded after 3, 5 and 7 days post-application.

Statistical analysis

The control mortality was corrected using Abbott’s formula (Abbott, 1925). The
analysis was done with Mini-tab 17 statistical software (Mini- tab, 2010), and the means were
compared with Tukey-Kramer (HSD) test at 5% significance level (Sokal and Rohlf, 1995).

RESULTS AND DISCUSSION

When the control agents were applied alone, B. bassiana provided lower mortality than
the tested dose rate of chlorantraniliprole at all exposure intervals (Table 1). Among B.
bassiana isolates, Bb2 was more effective compared to Bb1 with maximum mortality of 34.06
and 26.13%, respectively, at 7 d of exposure. The combined treatments of fungi and insecticide
gave higher mortality than alone treatments and the trend was same at each exposure
interval. The mortality was more than 94% when Bb2 was combined with chlorantraniliprole,
while it was more than 86% when Bb1 plus chlorantraniliprole was used against test insect
species at 7 d post treatment. The mortality was increased with extended exposure intervals
for each treatment and highest mortalities were observed at 7 days of treatment in each case
(Table 1).

Dubas bug is considered as notorious pest of date palm inflicting heavy damage to
overall yield of dates in different countries of the world (Shah et al., 2013; Dehghan et al,,
2021). Our results clearly exhibited that entomopathogenic fungi has great potential to
control this insect. Our results are in supportive to Diwan and Wehed (2017), they reported
that infection of adult female O. lybicus by Metarhizium anisopliae significantly reduced their
fecundity. Similarly, endophytic B. bassaiana gave successful control up to 100% of this insect
under laboratory and filed conditions (Khudhair et al., 2016). The commercial formulation
Mycotol® (Verticillium lecanii) also proved affective against dubas bug nymphs compared to
adults (Livingston and Al Mafargi, 2005). The efficacy of chlorantraniliprole against dubas bug
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was also reported by Arbabtafti et al. (2014) with 100% mortality. Sub-lethal dose of
chlorantraniliprole and entomopathogenic fungi B. bassiana and M. anisopliae found
compatible against different insect pests (Wakil et al., 2013; Jia et al., 2016) were also in line
with our findings.

Table 1. Mean mortality (%+SE) of Ommatissus lybicus adults exposed for 3, 5 and 7 days
treated with Beauveria bassiana (Bb1: 1x107 conidia mL-! and Bb2: 1x107 conidia
mL-1), one dose of chlorantraniliprole (0.05 ppm), and their combinations (Bb1 +
chlorantraniliprole, Bb2 + chlorantraniliprole) in laboratory trials.

Interval
Treatment 3d 5d 7d F217 P
Bb1 11.12+140Be  15.23+1.39Bd  26.13£1.08Ae 35.5 <0.01
Bb2 18.33+2.54Bd  23.1241.72Bc  34.06+1.84Ad 15.2 <0.01
Chlorantraniliprole 31.67+£0.74Cc  44.04+2.01Bb  62.49+1.27Ac 116 <0.01
BB1+chlorantraniliprole 42.21+1.11Cb  67.24+1.63Ba  86.40+1.16Ab 282 <0.01
Bb2+chlorantraniliprole  56.67+1.21Ca  73.41+1.20Ba  94.31+1.15Aa 252 <0.01
Fa29 142 256 523 - -
P <0.01 <0.01 <0.01 - -

Within each treatment, means followed by the same upper-case letter are not significantly different; Tukey-Kramer (HSD) test
at P=0.05. Within each exposure interval followed by the same lower-case letter are not significantly different; Tukey-Kramer
(HSD) test at P=0.05.

CONCLUSIONS
The findings indicate that B. bassiana and chlorantraniliprole may provide good control
under IPM scenario of dubas bug in date palm.
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Abstract

A modification of sterile insect technique (SIT) called partial sterility/inherited
sterility or F; sterility is suggested for controlling stored product insect pest belonging
to Lepidoptera order such as Ephestia spp. This modification showed longer population
suppression with a low number of released insects. The percentage of egg hatch of
Ephestia cautella, Ephestia figulilella and Ephestia calidella males and females
irradiated as pupae at age 5-6 days with either 0.25 or with 0.35 kGy and the produced
adults were mated either together or to the opposite sex were as follows: E.
cautella/0.0, 13.9 and 19.9% for the dose 0.25kGy and 0.0,7.6 and 13.4% for the dose
0.35 kGy in comparison with the 96.9% for the control group; E. figulilella/2.7, 7.3 and
21.7% for the dose 0.25 kGy and 0.0, 10.4 and 12.3% for the dose 0.35 KkGy in
comparison with the 82.9% for the control group; E. calidella/3.0, 8.9 and 20.0% for
the dose0.25 kGy and 0.0, 15.0 and 13.0% for the dose 0.35 kGy in comparison with the
94.9% for the control group. Presented results representing the following mating for
the above three species: irradiated male x irradiated female; irradiated female x un-
irradiated male and un-irradiated female x irradiated male in comparison with the
control group (un-irradiated female x un-irradiated male). We observed very
interesting results because it showed that the percentage of egg hatch of F, progeny of
the above three species produced from the above mentioned crosses and mated either
together or with un-irradiated opposite sex caused reduction in the egg hatch to an
average ranged between 0.0 and 5.2% and most of the progeny produced were
malformed. In conclusion these results are very important as we mentioned above
because it may reduce the number of released insect in the warehouses through
generation.

Keywords: F; sterility, partial sterility, Ephestia spp., gamma ray, date warehouses, Iraq

INTRODUCTION

Ephestia spp. are a serious pest of stored dry dates in Iraq and other date production
countries, that causes damage during several steps of harvest, storage, processing and
exportation (Hussain, 1985). A modification of sterile insect technique called partial
sterility/inherited sterility was suggested for controlling Ephestia spp. (Lachance, 1985;
Klassen, 1993; Al-Taweel et al,, 1997, 2016; Al-Rubeai et al., 1995; Al-Taweel and Al-Jboory,
2007). This technique is species specific, which relies on the mass rearing, exposing pupae to
specific dose of gamma rays causing partial/inherited sterility and the emerged adult released
in either infested date orchards or warehouses to reduce insect population to zero. Therefore,
the aim of this study is designed to investigate the effect of two doses of gamma rays that
induce partial/inherited (F:) sterility in three species of Ephestia, these are: E. cautella, E.
figulilella and E. calidella.

MATERIALS AND METHODS
The stock cultures of the above three species were reared and irradiated according to
the methods described by Ahmed et al. (1972) and Al-Taweel et al. (1990) and then crossed
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as mentioned in Tables 1 and 3, the doses of gamma rays were 0.25 and 0.35 kGy, respectively.
The produced F1 generation were crossed as illustrated in Tables 2 and 4. Data were analyzed
using ANOVA and mean differences were determined by Duncan’s multiple range test at

P<0.05.

Table 1. Average number of eggs laid female! and its hatch percentage for three species of
Ephestia exposed as pupae at age 5-6 days to 0.25 kGy dose of gamma rays.

. Type of matin No. of Average no. of

e meaIe X maléJ replicates eggs %lemale-1 legginatan

Ephestia cautella NxN 6 (15) 104.8 a 96.9a
TxT 6 (15) 31.8d 0.0d
TxN 6 (15) 546 b 13.3bc
NxT 6 (15) 67.5b 19.9b

Ephestia figulilella NxN 4 (15) 102.6 a 88.9a
TxT 6 (15) 28.7d 27d
TxN 8 (15) 47.3 bed 21.7b
NxT 6 (15) 50.5 bc 73¢

Ephestia calidella NxN 6 (15) 96.4a 949a
TxT 6 (15) 421d 30cd
TxN 6 (15) 51.8 bc 89¢c
NxT 5(15) 47.6 bc 20.0

N means control un-irradiated either female or male and T means treated either female or male with a dose of gamma

rays as mentioned in the title of the table.

Number between parentheses represent the number of pairs/replicate.
Means followed by the same letter in a column are not significantly different at P<0.05 (Duncan’s test).

Table 2. Average number of eggs laid female-! and its hatch percentage for the F; progeny of
three Ephestia species produced from paternal/maternal exposed to 0.25 kGy and

mated as shown in this table.

Species Parental crosses F1 crosses Average no. of % eggs
FxM FxM eggs laid female-! hatch
Ephestia cautella NxN F1xF 108.4 a 94.6a
TxT / / /
TxN F1x Fy 199¢ 0.0b
FixN 16.6 14b
N x F 41.7b 0.0b
NxT F1x F 18.8 ¢ 0.0b
FixN 176¢ 0.8b
N x Fy 139cd 0.0b
Ephestia figulilella NxN F1xF 1014 a 89.2a
TxT / / /
TxN F1x Fy 194 a 0.0b
FixN 14.8cd 25Db
N x F 336D 14Db
NxT F1x F 144cd 0.0b
FixN 16.2¢ 3.2b
N x Fy 244D 1.2b
Ephestia calidella NxN F1xF 98.2a 96.9a
TxT / / /
TxN F1x F 84cd 0.0b
FixN 244D 52b
N x F 348b 24Db
NxT F1x F 34.4b 0.8b
FixN 16.2¢ 34b
N x Fy 244b 1.2b

F, M means either female or male; N means normal un-irradiated either female or male ; T means irradiated either female

or male; F1 means F1 progeny.

F1 progeny from cross TxT are all malformed and we did not able to make any crosses.

Means followed by the same letter in a column are not significantly different at P<0.05 (Duncan’s test).
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Table 3. Average number of eggs laid female! and its hatch percentage for three species of
Ephestia exposed as pupae at age 5-6 days to 0.35 kGy dose of gamma rays.

Average no.

Species Type of mating  No. of replicates of eggs female! % eggs hatch
Ephestia cautella NxN 6 (15) 104.8 a 96.9a
TxT 6 (15) 30.8b 00c
TxN 6 (15) 216¢c 75bc
NxT 6 (15) 3440 134 Db
Ephestia figulilella NxN 4 (15) 102.6 a 88.9a
TxT 6 (15) 283bc 00c
TxN 6 (15) 232¢ 10.4 b
NxT 8 (15) 298bc 12.3b
Ephestia calidella NxN 6 (15) 96.4 a 949a
TxT 6 (15) 314b 00c
TxN 6 (15) 276¢c 15.0 b
NxT 5(15) 29.2b 13.0 b

N means control un-irradiated either female or male and T means treated either female or male with a dose of Gamma
rays as mentioned in the title of the table.

Number between parentheses represent the number of pairs/replicate.

Means followed by the same letter in a column are not significantly different at P<0.05 (Duncan’s test).

Table 4. Average number of eggs laid female! and its hatch percentage for the F1 progeny of
three Ephestia species produced from paternal/maternal exposed to 0.35 kGy and
mated as shown in this table.

Parental crosses F1 crosses Average no.

Species FxM FxM of eggs laid female"! % eggs hatch
Ephestia cautella NxN F1x F1 984 a 942a
TxT / / /
TxN F1x Fq / /
FixN / /
N x Fq 14.8 0.0b
NxT F1x Fq / /
FixN 244c¢c 0.0b
N x Fy 68.6 b 08b
Ephestia figulilella NxN F1x Fy 114.6 a 89.4 a
TxT / / /
TxN F1x F4 / /
FixN / /
N x Fq 446bc 0.2b
NxT F1x Fq / /
FixN 8.6¢c 0.0b
N x Fiq 78.6b 0.3b
Ephestia calidella NxN F1 xF 124.2 a 944a
TxT / / /
TxN F1x F4 / /
FixN / /
N x Fq 58.6 B 0.0b
NxT F1x Fq / /
FixN 426bc 4.1b
N x F4 56.2 b 06b

F, M means female and male; N means normal un-irradiated either female or male; T means irradiated either female or male;
F1 means F1 progeny.

Non F1 progeny are produced from TxT for all species under investigation and also from same F1 crosses of either TxN or
NxT.

Means followed by the same letter in a column are not significantly different at P<0.05 (Duncan’s test).
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RESULTS AND DISCUSSION

Results presented in Tables 1 and 2 represent the effect of 0.25 kGy on the three species
of Ephestia under consideration (parental and F; progeny), while Tables 3 and 4 illustrate the
effect of 0.35 kGy on the same three species of Ephestia (parental and F; progeny). The results
of these four tables are very interesting and promising in using gamma radiation either for
dates disinfestation with one of these two low doses of gamma rays or for inducing partial /F;
sterility at the laboratory level in the reared insect (irradiated with gamma rays as pupae at
5-6 days old) and releasing the adults either in the date orchards or in the date warehouses to
reduce the population of these three species to minimum because it showed that the
percentage of eggs hatch of F1 progeny mated as illustrated in Tables 3 and 4 ranged from zero
to 5.2% for the dose 0.25 kGy and range from zero to 4.1% for the dose 0.35 kGy. Moreover,
these results suggested building sterility within the population of these three Ephestia spp. In
the warehouses which resulted in elimination of these pest from date warehouses during
storing period.

CONCLUSIONS

The results of Tables 1-4 for using gamma rays to induce partial sterility/F; sterility in
the three species of Ephestia under investigation are very encouraging and promising for
controlling these species in the warehouses. However, further investigations are needed.
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Abstract

An integrated management program was conducted to control the palm borers,
Oryctes sp. in date palm orchards of central Iraq during the years 2015-2020. The
following control factors were used: cultural practices, such as sanitation and pruning
frond bases, hand collection of larvae during regular annual service work, solar light
traps with lamp of 320-420 nm wavelength and bio-control agents (entomopathogenic
fungi). Results indicated that the population density of Oryctes spp. reduced in
percentage to 91.6 and 53.0% for larvae and adults, respectively. The yield increased in
percentage to 28 and 32% after one and two year of following the program. The results
depicted the effectiveness of some integrated ecologically sound control methods for
monitoring and population suppression of Oryctes spp. on date palm orchard
environment.

Keywords: cultural practices, light traps, bio-control, systemic insecticides

INTRODUCTION

Date palm (Phoenix dactylifera) is one of the major crops in Iraq and most adapted to
climatic conditions of the region (Hussain, 1974; Khalaf et a