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Abstract

Date palm cultivation is one of the most important agricultural activities in
Oman. The date palm is considered as the first important crop in Oman with a
perspective to grow. It presents a widespread, integrated ecological and agricultural
system. It occupies about 84.9% of the total fruit area and about 49.3% of the total
agricultural land. Not only the domestic demand is met, but a significant surplus for
export is generated. Tremendous development has occurred in the production and
the distribution of date palm during the last three decades. Date palm trees occupy
around 84,500 feddan (35,000 ha), and include more than eight million trees.

Since the 1970’s, the Ministry of Agriculture has attempted to improve the
production of date palm through agricultural research, extension programs and
financial support, sustaining various aspects including establishment of tissue
culture laboratories with the main objective of providing date palm transplants
(offshoots) and preservation of natural resources. Part of the task of the the overall
support gene bank is to maintain the most elite Omani date palm. The total
production of dates has increased from 173,000 ton in the year 1993 to 298,000 ton in
2001. Environmental constraints such as the limited water resources and the wave of
drought that affected the Sultanate in 2002 and 2003 has led to a decline in the date
production to 219,772 ton. Yet in 2004-2005 and until 2008 the production of dates
has increased to up to 265,000 ton. The development in date production is due to
many factors; one of the most important factors is the implementation of new
technological methods, including fertilization, insect control, Integrated Pest
Management (IPM) and disease as well as the start of a strategy for long term
development of date palm in Oman.

INTRODUCTION

Date palm trees (phoenix dactylifera) can be short-lived to about 100 years and
more. Usually they start fruiting after 3-4 years after planting, up to the top of palm
production in the second decade of life after (10-15) years of cultivation, depending on
the variety and service operations and environmental conditions surrounding the
contribution and continuing at the same rate to the age of 50 years.

The palm tree has radical depth, and a root length of up to 10 meters, which helps
to bear the drought, salinity and contributes to the maintenance of the soil from erosion.
Because of the features mentioned above the palm tree plays a very important historic
role in the Arabian Peninsula, Iraq and some other Arab countries. It is one of the most
important economic trees in the hot and dry climate. Also, palm tree is one of the great
symbols of the early civilization of Mesopotamia and the Nile Valley. There are
differences in the views of historians to clarify the original home of the palm. One
opinion shows that the Arabian Gulf is home to the palm and then it was transferred to
Iraq some four thousand years BC, where the code of Hammurabi devoted a number of
articles for the protection of date palm cultivation, as mentioned in all divine books stated
in the Koran as well as in the Hadith.

Date palm is considered the first and most important crop in the Sultanate of
Oman, more widespread, and with an agricultural eco-system integrated with great
importance in the life of the Omani people throughout the ages as well as wealth and time
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affecting the fabric of Omani in all the words and it touches people’s live directly and
indirectly. And great efforts are made, especially by the Ministry of Agriculture, to
maximize economic returns and social and environmental impacts of palm trees.

Date palm cultivation has expanded and is accompanied by technical and scientific
progress which used all its possibilities to find everything new for service in the
agricultural sector in general and for the date palm in particular.

Agricultural Land and Production of Food crops for the Sultanate of Oman from
2000 (base year) to 2008: “The results of detailed soil surveys carried out by the Ministry
of Agriculture and Fisheries indicated the presence of more than 2.3 million hectares of
arable land in the Sultanate. However, the size of the cultivated area is in fact 61,536
hectares of which 42,921 hectares are with perennial crops and 18,615 hectares are with
annual crops. Seasonal fruit crops occupy the first rank of the total cultivated area in
Oman with 37,000 hectares of which 35,471 hectares of which 10,735 hectares are with
field crops under crop rotation and sequence which would raise cropping intensity to the
extent of 120%” (Table 1).

DISCUSSION

Date Palm Production

Figures 1 and 2 show the total production of date in Oman for the period from
1994 to 2008 and the index of date production (base year 1994-100).

The production of dates increased from 173,000 tons in 1994 to 281 and 298
thousand tons in 1999, 2000 and 2001, respectively. However, there was a decrease in
date production in 2002 and 2003 due to successive drought spells and inaccessibility and
lack of rains but productivity in Oman gradually increased year after year until it reached
to 267 thousand tons in 2008. The index of date productions was 154 thousand tons. So,
the increase in date production was 54 over year 1994. Despite the decline in cultivated
area the productivity per palm has been improved. This improvement was due to several
factors as discussed later.

From Table 2, the Al-Batina region is considered the leading with 111.4 thousand
tons, representing a date production reaching 41.7% of the total output of the Sultanate
followed by Al-Dakhilya (20.42%), Al-Sarqiyah (18.32%), Al-Dhahira and Buraimi
(13.26%). Other regions are the highest with average productivity per palm (57.22 kg)
followed by Al-Dhahira (49.29 kg) and Al-Batina (39.35 kg).

The total number of date palm trees currently has been estimated to around eight
million with 700,000 in grading. So the total is 8,700,000 trees with a wide range of
available varieties, about 250. The most important characteristics of these varieties are the
considerable variation in the quality and maturity dates (early, intermediate, late), the
difference in productivity and the rate of annual growth and resistance to pests and
diseases. The FAO (1982) reported an estimated annual production of Omani dates of
50,000 tons and the number of date palm trees was 1 million for the period 1961 to 1978.
Currently, the date palm trees are estimated to be higher than before due to introduction
of new easier production practices along with new cultivars which have increased the
large scale farming of date palm. The number has increased to 8,700,000 trees.

The estimation of human consumption for date during the year 2008 was 134,000
tons according to an estimated censuses of Oman in the middle of 2008. About 1,958
million people consume yearly in average 60 kg each; while 821,000 expatriates consume
20 kg each yearly. The amount of dates consumed by animals is about 55,000 tons. The
statistics of the Ministry of Commerce indicate that the export of dates in the last year
was about 7 tons (Table 4).

Important Constraints in Date Palm Production

The maximization of date palm productivity in Oman is constrained by several
factors that include environmental (biotic and a biotic) and agronomic factors, as
mentioned below:

30



- The limited water resources.
- Low soil fertility.
- Small sized farms.
- Low quality of date palm varieties.
- Inexperienced laborers who work at the farm.
- Newly emerged pests and diseases.
- Soil and water salinity.
- High density plantations.
The work accomplished by the Ministry of Agriculture: the research activities in
date palm were started in 1995 towards:
- Identification of varieties.
- Better management of different date palm trees varieties in respect to:
e Water requirement.
Irrigation levels.
Water use efficiency.
Fertilization requirement.
Method of pollination, thinning, advancing maturity and pruning.
Maintaining the national heritage through conservation of date palm genetic
resources.

Factors That Helped the Development of Date Palm in Oman

The generosity of the Almighty God in the palm crop is mentioned in the Holly
Qoran and this was the reason why the Omani transported dates across the sea to other
markets in Asia and Africa.

The infrastructure needed for agricultural research was completed by establishing
two main laboratories:

- The tissue culture laboratory in 1992 (Jimah research Station) in Interior Region.
- The biotechnology laboratory in 2000 at Rumais.

For the purpose of mass propagation of date palm, a genetic map and
characterization of Omani date palm genetic resources were established.

The date palm research station in Wadi Quriyat was established in 1988 for the
purpose of producing offshoots for replacement and improvement of old varieties. This
includes 5000 palm trees, with a distinguished gene bank consisting of 167 female
varieties and 20 male varieties carefully selected from all regions of the sultanate.

Another gene bank has been created for palm in the Al-Sarqgiyah region for the
same reasons mentioned above.

A national strategy to promote date palm and an operational plan of action were
developed. The scope of this strategy is to maximise the economic returns, water, social
and environmental benefits for cultivation of date palm in the Sultanate on the individual
and national level. The most important objectives of this strategy are:

- Production of high quality dates suited to the nature of the consumer as table dates or
manufacturing dates.
Marketing of the production locally and externally throughout the year and finding
appropriate manufacturing methods.
Maximizing the yield potential of palm tree and reducing the cost of production.
Prevention of the postharvest losses due to diseases and pests in the date palm.

This strategy has the scope to achieve most of its objectives through the
implementation within the four main programs:
- Development program for the advancement of productivity.
Development program for the advancement of marketing.
Extension program for development date plum.
Development program for the advancement of research in date palm production.

The first program includes four significant projects:
- Project for propagation and dissemination of the superior varieties (replacement and
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reorganization). The objective of this project is to replace 800,000 palm trees which
have deteriorated in productivity and old table dates by new and highly productive and
qualitative table dates.

- Project of increased yield potential (agronomy).

- Project of integrated control of Red Palm Weevil.

- Project of integrated control of Dubas Bug and other pests.

The second program includes five projects:

- Development project of dates packing units.

- Development project of the manufacturing of dates.

- Development project for manufacturing units for the waste of dates.

- Palm tourism development project.

- Project for date products marketing.

The third program includes three projects:

- Development of a project of quality control specifications for the products of dates.

- Project of replacement the old varieties of date plum trees with new distinguished
varieties.

- Deployment project for mobilization of modern dates.

The fourth program includes eight projects:

- Project to study the characterization and evaluation of the Omani varieties and the
optimum use for them.

- Project to determine the factors to help increase date plum tree productivity.

- Project of studying the reduction of dates before and after the harvest.

- Project of studying the best methods to control pests and diseases.

- Project to produce tissue culture for distinguished varieties and study distinctive
characteristics of date plum.

- Project of food and feed industries of the fruits of palm.

- Project to improve the methods of drying, packaging and manufacturing dates.

- Project to study the best ways to store dates, pollen grains and rutabes.

Date palm cultivation has expanded and is accompanied by technical and scientific
progress which used all its possibilities to find everything new in service of the
agricultural sector in general and the date palm in particular.

CONCLUSIONS

The date palm is considered the most important fruit crop in the Sultanate of
Oman and occupies nearly 50% of the cultivated land in Oman, the larger part of which is
in the Batinah region. At present Oman has more than 8 million date palm trees. There are
many constraints in agricultural production in Oman, one of them is water scarcity, and
the area which is devoted to date palm starts to decline. Also, the farms are small.
However, the Ministry of Agriculture is working to maintain this tree in the top of its
priority by conserving its genetic resource, carrying out research as well as building
appropriate laboratories and expanding the tissue culture lab to increase its productivity of
offshoots to 50,000 or more yearly in order to develop the cultivation of this crop and
increase the number of date palm trees between 9 to 10 millions. Also, there is
tremendous work to control pests and diseases, also to develop an extension service
program for Omani date palm growers.

I suggest that the private sector in collaboration with the government give more
attention to develop date palm industry through studying the local, regional and
international markets. This will help the international stockholders to enhance the current
date palm strategy.

Literature Cited

Anonymous. 1994. Annual Report of Agricultural Research, Department of Agriculture
and Fisheries, Sultanate of Oman.

ICARDA (Arabian Peninsula Regional Program). 2004. Date Palm Development in the
GCC Countries of the Arabian Peninsula.

32



Japan International Cooperative Agency (JICA). 1990. Sultanate of Oman: The study on a
master plan for agricultural development field report Vol. 5.

Ministry of Agriculture and Fisheries. 2000. National Strategy to Promote Date Palm and
the Operational Plan of Action.

Ministry of Agriculture. 2008. Production of Sultanate from Dates, Directorate General of
Planning and Investment Development. Statistical Division.

Sultan Qaboos University. 1997. Dates quality improvement in the Sultanate of Oman
comprehensive document. Oman.

Zaid, A. 2005. Cultivation of Date Palm. Bulletin no.156, Food and Agriculture
Organization of the United Nations, Roma, Italy.

Tables

Table 1. Area (Faddans*) and production (tons) of food crops from 2000 (base year) to
2008 (Source: MoA, 2009).

Fruit

Year Crops Vegetables Field crops Forage crops crops Total
2000 Area 15694 14719 42559 100345 173317
Production 151727 24842 692204 344982 1213755
2005 Area 12267 18192 33101 87884 151444
Production 119138 26561 539839 307398 992936
2006 Area 11197 18192 34215 87884 151488
Production 108055 25206 564310 313065 1010635
2007 Area 13207 16952 36515 88255 154930
Production 130360 25182 608743 311769 1076055
2008 Area' 14162 16284 40217 88255 158917
Production 141073 24572 662503 327628 1155777
% Self sufficiency (Av.) 70% 1% <85.0% 81% -

* 1 Faddan = 4200 m".

Table 2. The most important area of date palm crop cultivation and production in the
Sultanate (thousand tons).

Region Production Percentage
Al-Batina 111.4 41.7%
Al-Dakhilya 54.5 20.42%
Al Sarqiyah 48.9 18.32%
Al-Dhahira and Buraimi 354 13.26%
Other regions 16.70 6.30%
Total 266.9 100%
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Table 3. The ten most important productive cultivars of date in Sultanate.

Cultivars Year 2007 Year 2008
Um Salia 35465 35218
Mabisily 29698 31175
Khasab 27944 27181
Naghal 25069 24944
Faradh 18956 20482
Shahal 12258 12602
Khalas 12134 12658
Khaneizi 1135 11264
Madluki 4896 5152
Barni 4852 5056

Table 4. The exploitation of local production data (thousand tons) in Oman for the last

two years (2007 and 2008).

Year Year 2007 Year 2008
Total local production 261 267
Human consumption 132 134
Animal feed 53 55
Export 9 7
Surplus of table dates 30 27
Surplus (manufacturing date) 37 46
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Figures

Date palm production in Sultanate of Oman
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Fig. 1. Date palm production in Sultanate of Oman from 1994 to 2008.
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Fig. 2. Date palm production index from 1994-2008 (base year).
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The Status of Date Palm Cultivation and Date Production in Sudan
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Abstract

With an annual production of about 330,000 tons and a date palm (Phoenix
dactylifera L.) population of about 8 million, Sudan ranks number 8 in the list of top
date producing countries of the world. However, Sudan has tremendous potential to
rank much higher in this scale due to extensive stretches of land between latitude
12°N and the Tropic of Cancer, availability of irrigation water and a suitable climate
for date production. Traditionally accustomed to live on date palms by merely
pollinating and harvesting the palms, growers in Sudan have to cope with
environmental changes and adjust to adopt proper management practices to earn a
decent income from date palm cultivation. Sudan has been relying on growing
indigenous varieties of dry and some semi-dry dates but the past few years have seen
an influx of highly reputed date varieties imported from the tissue culture
laboratories in UAE and Saudi Arabia. Research programs on date palms in Sudan
are progressing with focus on local selection for promotion of promising indigenous
germplasm, male selection studies, propagation, protection, storage and cultural
practices. Some efforts to utilize date palm parts in light industry have started but
large scale enterprises are yet to come. An overall improvement in harvest,
postharvest handling and preparation of dates for marketing in Sudan are required.
Sudan is yet free from the devastating Red Palm Weevil (Rhynchophorus
ferrugineus) Oliv, but termites (Microcerotermes diversus, Odontotermis classic)
Sjosted, white scale (Parlatoria blanchardii). Targ., greater date moth (Arenipsis
sabella hampsim), dust mites (Oligonychus afrasiaticus) McGregor, and (O.
pratensis). Banks and some rodent pests are endemic. The store pests Raisin Moth
(Ephestia sp.) and the Grain Saw Beetle (Oryzaephilus surinamensis) cause a lot of
damage. The recently brought in Green Scale (Astrolecanium sp.) is a menace in
Sudan probably due to lack of predators, vulnerability of local cultivars, climate and
lack of growers’ awareness to handle an exotic pest. Sudan is yet free from the
destructive Bayyoud disease caused by the fungus (Fusarium oxysporu albedinis).
Black scorch (Thielaviopsis paradoxa j.), Graphiola leaf spot (Graphiola phoenicis)
and inflorescence rot (Mauginiella scaettae) are known to exist. The organisms
Fusarium moniliforme, Fusarium oxysporum, Aspergillus sp. and Helminthosporium
sp. were isolated. Nematodes have also been isolated from infected date palms. But,
several endemic diseases that are known by local names only exist, awaiting a
thorough survey to diagnose and identify these diseases.

INTRODUCTION

Area and Production

Date palms (Phoenix dactylifera) are intimately linked to the culture, history,
heritage, religion and everyday life of the people of northern states of the Sudan. FAO
(Stat, 2005) statistics indicate that date palm population in Sudan is about 8 million and
that date production is about 330,000 tons. This puts Sudan about number 8 in the list of
top date producing countries of the world. Current date palm plantations are mainly strips
along the Nile banks north of Khartoum and pockets in Kassala and the Red Sea in the
east, and Kutum in the west. But Sudan is a vast country with tremendous potential for
expansion in date palm areas. Stretches of flat land from latitude 12°N to the Tropic of
Cancer across the entire width of the country is suitable for date production. Expansion in
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date palm areas of Sudan has been slow until tissue culture laboratories availed huge
amounts of date palm plantlets of most outstanding date varieties of the world. Sudan
benefited from this source and the past two decades were an era of influx of thousands of
tissue culture propagated date palm plantlets into the Sudan (Fig. 1). A big portion of
these introductions was planted in Khartoum area where growers have the capability to
purchase these relatively expensive imported tissue culture propagated plantlets.

There are 5 national tissue culture labs in the country working to propagate date
palms, yet the country still relies on imports of date palm plantlets.

Variety Improvement

For centuries, Sudan’s date production relied on the six commercial varieties
‘Barakawi’, ‘Abattamoda’, ‘Gondaila’, ‘Madeena’, ‘Mishrig Wad Laggai’ and ‘Mishrig
Wad Khateeb’, with the dry variety ‘Barakawi’ dominating the area. Several seedling
cultivars also exist, some of which are known to have very desirable merits. Tissue
culture propagated imports from labs in the United Arab Emirates and Saudi Arabia have
brought in highly reputed varieties of date palms which include ‘Barhee’, ‘Khalass’,
‘Abu-Maan’, ‘Anbara’, ‘Fard’, ‘Nubboot saif’, ‘Nubtat Sulatan’, ‘Khinaizy’, ‘Khudry’,
‘Sukkary’, ‘Rizaiz’, ‘Saqae’ and ‘Sultana’. Early introductions of these varieties are
producing well and are being marketed locally (Fig. 2). These introductions are also
envisaged to change the nature of Sudan’s predominantly dry dates to softer dates which
are more palatable and appealing to consumers. A switch in this trend is also envisaged
by influence of a new dam which was recently constructed on the River Nile at Mirwy in
the heart of the date production area. This dam is envisaged to modify the micro-climate
of the area and avail a more humid atmosphere that will soften the dry dates. It may also
avail a reliable and cheaper source of electric power that may facilitate cheaper means for
date palm irrigation, rutab cold storage and power for packaging and processing factories.
The variety improvement program in Sudan also includes surveys to locate candidate date
palms with outstanding merits for evaluation, selection and promotion of the best. The
authors are evaluating a wide selection of these cultivars for local selection (Fig. 3).

Male Selection

Despite the existence of a prehistoric date palm culture in Sudan, no named males
exist and commercial date palm growers still depend on random males for pollen
collection. Yet date palm growers in Sudan realize that some difference in pollen effects
can be observed and growers evade taking pollen from certain male palms. The only
named males are probably ‘New Halfa 1’ and ‘New Halfa 2’ which were recently
released for pollinating ‘Mishrig Wad Lagai’ and ‘Mishrig Wad Khatib’, as well as the
recent tissue culture propagated male introductions. Realizing the need to work for male
selection, the authors are evaluating some local males for selection and multiplication.
Diverse xenia and meta-xenia effects were detected, emphasizing the need to pursue these
studies.

Cultural Operations

Date palm culture in Sudan is still traditional, apart from few plantations where
implantation of recent techniques are being examined. Multiple stemmed clumps due to
lack of desuckering are common, resulting in crowded offshoots that harbor rodents,
impede cultural operations and reduce the quality of dates. Dry fronds are not properly
removed. Leaf bases, which are sometimes weak and infested by pests, are used for
getting to the tops of date palms. As a result, occasional incidents of injuries and tragic
deaths of people falling from date palm tops may occur. In collaboration with Iraqi
expertise, efforts to improve the techniques of climbing date palms using safety ropes like
neighboring countries are in progress (Fig. 4).

No bunch management techniques are practised apart from a few trials in recent
plantations. Harvest, handling, storage and means of date display for sales need to be
improved.
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Packing and Processing

There is one government date packaging factory in the country. Some private
companies process medical alcohol and vinegar from dates. But these operations need to
be improved by construction of more modern plants to cope with the expanding date
production.

Utilization of Date Palm Parts

There was a time when date palm parts were extensively used in construction of
houses, water wheels for pumping water off the River Nile, containers, mattresses, ropes,
fencing, fire wood and the like. While traditional means of utilization of date palm parts
continue, means of utilizing date palm parts is expanding to include manufacturing
furniture, beds and innovative products (Fig. 5).

PROTECTION

Pests

Fortunately, Sudan is yet free from the devastating Red Weevil pest
(Rhynchophorus ferrugineus Oliv). Strong prohibitive measures to restrict its entrance
into the country are effective to date. Indigenous pests the most important of which are
termites Microcerotermes diversus, Odontotermis classic Sjostedt, white scale Parlatoria
blanchardii.Targ., greater date moth Arenipsis sabella hampsim, dust mites Oligonychus
afrasiaticus McGregor, and O. pratensis. Banks exist in the country and control measures
continue. Store pests like raisin moth (Ephestia sp.) and the grain saw beetle
(Oryzaephilus surinamensis L.) cause serious damage to dates and proper care from the
palms to consumers is undertaken. Rodents like mice, rabbits, birds such as house
sparrow (Passer domesticus Arbreus) and bats are endemic and cause a lot of damage.
The exotic green scale Asterlecanium, which is relatively a new pest in Sudan, poses a
real threat to the date wealth of Sudan (Fig. 6). This pest is devastating and control
measures are very expensive. Chemicals, IPM and burning have been tried but the final
control measure seems to be biological control. The reason why green scale which is not
considered to be a serious pest in countries where it is endemic, while so serious in
Sudan, could be because there are no effective predators in Sudan, or because some
Sudanese varieties are more susceptible to the pest attack or the availability of a more
favorable environmental factor. Further, there is a lack of technical knowhow in handling
an exotic pest. With failure of strong quarantine measures to confine the pest to the spot
of its first appearance and effective demolishing measures, it has not been possible to
eradicate the pest completely. Since the pest is widespread now, current control measures
are IPM, sanitary, coupled with chemical control and adoption of plant quarantine
legislations. Predators for biological control are being introduced from areas of similar
habitats in Saudi Arabia and Iran for breeding and release in green scale infested areas.

Diseases

Sudan is so far free from the devastating Bayyoud disease (Fusarium oxysporum
albedinis) but several diseases, many of which are only known by local names exist.
Black scorch (Thielaviopsis paradoxa J.), inflorescence rot (Mauginiella scaettae) and
Graphiola leaf spot (Graphiola phoenicis) are known to exist. The organisms Fusarium
moniliforme, Fusarium oxysporum, Aspergillus sp. and Helminthosporium sp. were
isolated. Nematodes have also been isolated from infected date palms. A thorough survey
to diagnose and identify the endemic diseases of date palms in Sudan awaits investigation

Closure

The prospects for establishment of an advanced date industry in the Sudan are
enormous, vast areas with suitable climate and irrigation facilities are available.
Infrastructure and human resources with high technical capabilities also exist. With
current availability of date palm plantlets from tissue culture laboratories, boosting the
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date palm area with highly esteemed date varieties are in progress.

Collaboration

Intimate regional collaboration to develop the date palm sector in the region and
improve the livelihood of date palm growers is extremely vital. Relevant areas for
collaboration are research work, propagation, date palm service improvement, postharvest
handling, and packaging, processing and marketing. Establishment of regional institutions
to facilitate such linkages and exchange of experience is crucial to achieve the ultimate
goals. The long time dream of establishing an international palm and date centre waits to
become true.

Fig. 1. Elshamil Nurseries-Kadaro, Sudan: torpedoes and advanced date palm plantlets.

Fig. 2. Bearing Barhee- Elnifaidy Orchard, Soba, Khartoum.
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Fig. 3. Candidate date palm cultivars for local selection (Merowe, Sudan).

Fig. 4. Training nationals in removal of date palm leaf bases and climbing by ropes.
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Fig. 5. Furniture manufacturing from date palm parts (Curtsey of Muthanna K. Chechani).

Fig. 6. Green scale on date palms - Artigasha Island, Sudan.
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Potential of Date Palm Plantation in Afar Region, Ethiopia and Its
Market

A.H. Hussen®
United Kingdom

Abstract

The Afar Region in Ethiopia is home to a vast area of virgin land that is
suitable for date plantation. The region is located within the Danakil depression and
experiences the harshest climate in Ethiopia with temperatures reaching up to 50°C.
The area is occupied by the Afar people who are primarily semi-nomadic.
Historically the Afars have established date farms in areas around the Awsa delta
and Afambo region. These farms produce date fruits mainly for local consumption.
The main source of irrigation in the Afar Region is from the Awash River. The
Awash River runs from the Ethiopian highlands, fed by a number of tributaries,
through the Afar desert land. Producing date fruit in the Afar region will have a
mutual benefit for both the investor and the local population. There is currently a
shortage of supply for date fruit in Ethiopia where the demand for the produce is at
its peak during the month of Ramadan. Current statistics show about a third of the
Ethiopian population to be muslims, creating a large market for date fruits locally.
Labour cost in Ethiopia is significantly low compared with date producing countries
such as the United Arab Emirates (UAE). It is therefore attractive to produce locally
at lower cost to meet this high demand throughout Ethiopia and possibly beyond.
Date fruit contains essential vitamins and minerals that are required for a balanced
diet. Setting up date plantations in this region in sufficiently large quantity will
ensure a source of date fruit for the local community. This has the potential to
improve the health and food security for the nomadic Afar community. Jobs that
will be filled by local farmers will create a source of income and can help develop
and transfer the whole community as a whole. Large scale date plantation in this
desert land will have a significant contribution towards the fight against climate
change.

INTRODUCTION

The purpose of this paper is to assess the potential for a date palm plantation
project in the Afar Region of Ethiopia on the Horn of Africa.

The region is geographically located in the North-Eastern part of Ethiopia,
bordering with Eritrea to the North and Djibouti to the East.

The land is occupied by the Afar people who live in three adjoining countries of
East Africa. These are Ethiopia, Eritrea and Djibouti. On the Eritrean side the Afar people
occupy up to 800 km of the Red Sea strip. On the Djibouti side they also occupy all of the
costal strips. Historically the Afar people have trade connections with the Arab world as a
result of their geographic location.

Islamic history indicates that the first immigration of the Prophet’s (SAW)
followers to ‘Ardul Habasha’ went through the Afar regions indicating the historic link
that they had with the Arab world dating as far back as 1400 years ago. Date plantation in
the region was inherited from the Arabs. The Afar have established date farms in areas
around the Awsa in Afambo District. These farms produce date fruits mainly for local
consumption.

The majority of the Afar populations in Ethiopia are nomadic, traveling from place
to place with their livestock for grazing land. Their main nutritional source is bread and
milk.

The following sections present the potential for date palm plantation in the Afar
Region by looking at the available land, water source and market.
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DISCUSSION

Land Potential

Based on data received from the Afar Regional Agricultural Bureau (2007/8), the
Afar region in Ethiopia covers approximately 9.5 million hectares of land of which 12.6%
is cultivatable land. The region has a vast area of virgin land that is suitable for
agriculture. The total available land that has agricultural potential but has not been
cultivated is approximately 1.2 million hectares.

Out of the above, grazing land constitutes 863,000 hectares of the available
cultivatable land, forest land comprises 140,000 hectare and remaining 222,000 hectares
is virgin land. At the time of the survey, total cultivated land constituted 75,000 hectares.

In addition, the data show approximately 3.6 million hectare of land that has
currently been classified as un-cultivatable land due to its unsuitability for crops. It is
anticipated that 10% of this land (approximately 300,000 hectares) will be suitable for
date palm plantation. This is mainly because date palm has better tolerance of semi-saline
soils compared with other crops. Subsequently out of this land up to 40% (120,000
hectares) has the potential to be cultivated for date plantation by gravity irrigation from
the Awash River due to its proximity to the river as it is located in one area between
Dubti and Aysaita Districts. The recent construction of the Tandaho Dam, which is under
completion, has increased the potential of water resource capacity for gravity irrigation to
cultivate partially or in full the aforementioned landmass.

The remaining 60% of land is allocated in small patches across a number of
districts. These patches of land could potentially be cultivated using underground water.
However, this will require an initial investigation work for underground water.

Water Source

The main water source for irrigation in this region is the Awash River.
Historically, a number of large scale plantation projects have been established and
irrigated from the Awash River such as the Tendaho plantation project. The River flows
from the Ethiopian highlands and passes through the Afar desert land to the Djibouti
border. The river is approximately 1100 km long. There are a number of tributary rivers
and streams feeding the river along its way. In addition to the Awash River and its
tributaries, all the lowlands adjacent to the north eastern escarpment of the Ethiopian
plateau particularly Zone 4 and 5 is believed to be very rich in underground water and
suitable for underground water harvest.

Market

Ethiopia currently imports date fruits from different date growing countries by
paying hard currency. This is because there are no commercial date plantation farms in
Ethiopia.

Ethiopia has high demand for date fruit mainly during the month of Ramadan.
This is because one third of the Ethiopian population are muslims (approximately 28.9
million people), creating high demand for date fruit during this month and other religious
ceremonies and traditional rituals.

According to Ethiopia’s capital city Addis Ababa Custom Office Records (2010),
the average quantity of date fruit imported to the capital city (Addis Ababa) alone is
19,000 metric tons per year.

Regions which have high population of muslim communities such as Ugaden,
Afar and Binishankul are located along the Ethiopian borders. As such they import date
fruits from their bordering countries such as Somalia, Djibouti and Sudan respectively.
The Harrar region also imports from Somalia and Djibouti. These are mostly unrecorded
commodity imports. This shows that the demand for date fruit in these regions is much
higher than what is imported to the capital city as they have a higher muslim population
when compared with Addis Ababa.

The quantity of date fruits imported to the capital Addis Ababa and the selling
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price for the past three years is presented in Figure 3. The graph shows an increase in
demand and price. The increase in sales could be due to an increase in population and
growth in socio-economic scale. The increase in price is mainly due to the increasing
exchange rate between the American Dollar and the Ethiopian Birr. In 2007, $ 4.00 was
35 ETH Birr. In 2008, it was 40 ETH Birr and in 2009 $ 4.00 was 60 ETH Birr. This
shows there is no change in the price of date fruit in dollars.

When looking at the market price of date fruit imported through other Ethiopian
borders, the regional market price does not have much difference from the central market
price. This shows the market price of date fruits is not due to the import duty tax but the
slight difference could be due to transportation cost.

When assessing the relationship between demand and price in Ethiopian Birr, it
shows that an increase in price does not decrease demand. This shows the product is an
inelastic product. This is because the muslim communities view date fruit as ‘sunna’
during the month of Ramadan to break their fast and they consume it as ‘sadaqa’ at
religious ceremonies and rituals. Therefore, the demand will be as a minimum constant or
growing due to these other factors.

When looking at the total muslim population in Ethiopia and the religious
significance of date fruit, the total demand should be much higher than the current
demand. Assuming 70% of the muslim population consume date fruit and one person
consumes 4 kg of date fruit per year. The yearly demand becomes 80,000 metric tons.
This is without including the rest 65% of the Ethiopian population (50 million people).
Assuming 50% of the remaining 50 million people consume 1 kg/person/year, there is a
potential demand for 25,000 metric tons.

This shows that the amount imported is much lower than the potential demand.
This is because the cost of importing the fruit is expensive hence the selling price in the
market is much more than what even the middle class income category of the population
can afford.

The market price of date fruit is currently not affordable to most Ethiopians
mainly because date producing countries have high costs of production such as labour
cost and irrigation. If, however date fruit is produced in the Afar region in Ethiopia, the
cost of labour will be cheaper when compared with date producing countries. There is
also a convenient source of water for gravity irrigation.

Benefits of Large Scale Investment in Date Plantation

Large scale investment in date palm plantation will provide food security not only
for the immediate local community but also for the whole of Ethiopia. Ethiopia has a long
standing problem with famine. Due to its nutritional value, date fruit is very important
emergency food. A small quantity can potentially save a large number of people.

Currently, date fruits are mainly imported from other countries. As a result the
date fruits are expensive and a lot of people cannot afford to buy it. If large scale
plantation is established in Ethiopia, then date fruits can be introduced into the market at
an affordable price which the local community can benefit from.

Large scale plantation will create job opportunity to the local Afar people. This
will provide the pastoralist Afar people an opportunity to pursue a sedentary life as a
result of a constant source of income and sustainable livelihood. It will also help to
contribute to the region’s economy as well as the country’s economy by distributing the
date fruit to the rest of Ethiopia and potentially exporting to other countries.

General Benefit of Date Plantation to the Local Community

The people of Afar largely depend on their livestock for food source. The people
who live around the river banks have small crop farms. Those who live away from the
river banks move from place to place in search of grazing land for their livestock. About
90% of the Afar people are nomads and do not have the necessary knowhow or capability
to establish agricultural farms as source of food and income. Currently, a very small
group of people are engaged at subsistence agriculture. As a result they suffer from
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poverty and food shortage.

Due to its nutritional value, date fruits can be used as a source of food. It can also
be stored for a long period of time depending on the type of date fruit. For nomads it is
convenient to transport and use.

The other advantage of date plantation is that once established, date farms are low
maintenance farms compared with other agricultural farms in that there is no need to
cultivate every year. Other farms will require re-planting after each harvest which
requires reinvesting. The main problem is that the farmers do not have the knowledge to
manage their account to allow them to continue to farm. Date palm on the other hand only
requires initial investment. Once established it requires low maintenance work such as
watering. The fruit is then harvested every year. It has low operational cost.

Date plants have very high production compared with other farms for a given area
of land. This will encourage the people in agriculture if they see that they can get good
results from a small effort and secure food for their families.

Impact on Climate Change

The Afar region is located in the Denakil depression and is generally desert land.
It experiences the harshest climate with temperatures reaching up to 50°C during dry
seasons in the lowest area. The average temperature in the Middle Awash is 25°C and in
the Lower Awash 35 to 45°C.

Large scale plantation of date plants will help create forests of trees in this desert
land. This will have a positive impact in improving the regions climate and reducing the
occurrence of drought locally and will contribute towards the fight against climate change
globally.

CONCLUSIONS

In conclusion, establishing a date palm plantation project can benefit both
investors and development support organisations such as the World Development Bank,
the Islamic Development Bank, UNDP, and FAO are some examples.

For investors, there is a large market available for date fruit in Ethiopia with low
cost of production compared with other date producing countries.

Development support agencies can look at the benefits of date plantation to
improving socio-economic development of countries such as Ethiopia. It also helps to
decrease the date fruit price in Ethiopia by producing it locally and to ensure food
security.
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Fig. 2. Map showing the Afar Region and its rivers (image courtesy of the UN).
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Abstract

Farmers in Yemen are facing many problems related to natural resource
endowments, availability of water and in the marketing of their products. Despite
the difficult natural circumstances the farmers produce agricultural commodities,
including date palm. This product is sometimes sold in local markets and sometimes
the product is sold to middlemen who transport the commodities to the markets or
directly to the consumers. The value added in the chain will be distributed over the
various actors, the farmers, the transportation sector and the middlemen.

As a result of the actions of the middlemen only a small part of the value
added in the chain is to the benefit of the farmers. The prices that are offered to the
farmers do not allow compensating for the costs and this results in low profits or no
profits at all to the farmers.

As a result, the farmers are not able to expand their activities and are facing
very low incomes and the risk of complete bankruptcy. This is a limiting factor for
agricultural development and hampers modernization of the date palm trees in
Yemen.

Based on the feasibility study of net revenue $/ha for a farm in Wadi
Hadramout during 2002 to 2006 the net revenue is negative for the farmers. In 2006
the farmer’s loss is 233 $/ha. While the middlemen gains a profit of about 4,256 $/ha,
for the same year which means that the net marketing margin is 244% for the
middlemen profit. Marketing is frustration for small farmers in Yemen. Farmer’s
production increased, but their income did not.

METHODOLOGY

This study was based on data collected from the Ministry of Agriculture and
Irrigation Yemen, Department of Monitoring and Evaluation, for the cost of Date Palm
producers, market intermediaries in production. The retail price of date palm was
calculated from Sana’a City market. Wadi Hadramout was selected for this study because
it is considered the main date palm growing area in Yemen.

The successful use of advanced methods of marketing analysis is heavily
dependent on the availability of data which is not the case in Yemen; secondary data like
national statistics and surveys conducted by different organizations. Especially with the
latter, it is likely that they have followed different standards and procedures and hence
may vary significantly in quality, validity and representativeness. Hence, there is a need
for a thorough validation and repeated discussion of the results. Such discussion will yield
the need for additional data collection, especially when dealing with specific operational
decisions such as intervention targeting and support intensity. In order to empirically
advance for this case the existing data were used in the input-output analysis (Tables 1-5
in Appendix) for date palm marketing in Wadi Hadramout.

MARKET MARGIN ANALYSIS
The marketing margin are the differences between prices at two market levels:
farm gate price and consumers price. Marketing margins have been examined on the basis
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of data obtained for prices at different stages of the marketing chain. Marketing margins
have been calculated through computing the absolute margins or price spread, which is
essentially the same as the difference between the prices, paid and received by each
specific marketing agency. The following formula has been used to compute percentage
marketing margins as earned by each market intermediary in the marketing of farm
products.
1. Farm profit = Gross revenue ($/ha) - total costs ($/ha) (Table 2).
2. Marketing margin = Farm gate price - consumer price (Table 3).
3. Percentage marketing margins = Farm gate price - consumer price/farm get price *
100 (Table 4).

Table 2 shows that Farm profit = gross revenue ($/ha) - total costs ($/ha) = 1,744 -
1,977 = -233 $/ha. That means that the farm has received lower prices than the real cost of
production. The average sum lost is -806 $/ha (2002 to 2006).

Table 3 shows that middlemen have received high profit. It is 1,109 $/ha in 2002
up to 4,256 $/ha in 2006, with an average period of 2,307 $/ha.

Table 4 shows that the percentage in marketing margins earned by the middlemen
in Sana’a is 172% 2002 to 244% in 2006 with an average period 238%

Breakdown of Consumer’s One USA Dollar

Breakdown of consumer’s dollars is a phrase applied to the manner in which a
consumer’s dollars expenditure on a particular commodity is divided among the producer
and marketing agencies. It shows from Table 4 that the portion of consumer’s dollars
which goes to the producer is 0.44 cent and 1.06 is earned by various marketing agencies
such as contractors, commission agents, wholesalers and retailers. This was calculated by
expressing the net margin of a specific agency as proportion of the retail price.

Marketing Costs

The marketing margin indicates the amount received by different marketing
agencies for providing their services, from the time when the commodity leaves the farm
until it reaches the consumers. Such costs are not known and are not included in the
analysis.

CONCLUSIONS

Like farmers throughout the world, but especially in developing countries, Yemeni
farmers work hard throughout the year to produce high quality crop and livestock
products in sufficient quantities to reach profitable levels. However, also like farmers
everywhere, Yemeni farmers lack marketing information, alternatives, knowledge, skills,
tools, and institutions to make the most of selling the products they worked so hard to
produce. Marketing issues are particularly frustrating for farmers because they often
perceive that the ‘middle man’ or the broker gets more of the consumer dollar than the
farmer does. Marketing is frustration for small farmers in Yemen. Farmer’s production
increased, but their income did not.

RECOMMENDATIONS

It is strongly recommended that policy for equity and normal margin profit for
both farmers and middlemen are applying inside the retail market areas in Yemen.

Efforts are needed to improve date palm production in Yemen and link it with
food security and poverty elevation.

Agricultural economists at the Faculty of Agriculture, Sana’a University, Sana’a,
ROY, in cooperation with UAE University conduct joint baseline surveys to carry out
reliable econometric analyses in date palm production in Yemen.

Farmers want new marketing principles to enhanced marketing capacity and
policy for small farmers to get fair prices for their production.
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Tables

Table 1. Crop budgets of the main cropping patron in Wadi Hadramout 2006.

Cropping pattern Average Dates Alfafa Mango Banana Onion Tomato Garlic Potato
Gross Revenue($/ha) 4,469 1,744 6,380 7,356 4,905 3,834 - 7,200 4,336
Total costs ($/ha) 1,534.7 1,977 2,265 2,372 2,221 1,150 359 1,060 873
Net Revenue ($/ha) 2,935 233 4,115 4,984 2,684 2,684 359 6,140 3,463
Calculated from Tables in appendix 1.
Table 1 shows that all crops net revenue is positive, except the Date Palm and Tomato are negative by 233 and 359 USAS.
Table 2. Net Revenue ($/ha) for farm date palm in Wadi Hadramout 2002 to 2006.

2006 2005 2004 2003 2002
Yield (kg/ha) 4,000 2,200 2,080 1,384 1,350
Farm gate price ($/kg) 0.44 0.4427 0.421053 0.34 0.479
Gross revenue ($/ha) 1,744 974 876 473 646
Total costs ($/ha) 1,977 1,959 1,583 1,706 1,521
Net revenue ($/ha for farm) 233 985 707 1,232 875
Calculated from Tables un appendix 1.
Table 3. Net Revenue ($)/ha for middlemen in Sana’a City 2002 to 2006.

2006 2005 2004 2003 2002

Consumer price (retail price in Sana’a City) 1.5 1.5 1.5 1.3 1.30
Gross revenue($/ha ) 6,000 3,300 3,120 2,075 1,755
Total costs ($/ha) 1,744 974 876 473 646
Net revenue ($/ha for middlemen) 4,256 2,326 2244 1,602 1,109

Calculated from Tables in appendix 1.



Table 4. Percentage marketing margins earned by the middlemen in Sana’a 2002 to 2006.

2006 2005 2004 2003 2002
Farm gate price ($/kg) 0.44 0.4427 0.42105 0.34 0.479
Consumer Price ($/kg) 1.5 1.5 1.5 1.3 1.30
Market Margin ($/kg) 1.06 1.06 1.08 0.96 0.82
% Market margin ($/kg) for middlemen 244.12  238.82 256.25 280.00 171.56

Middlemen profit = Gross revenue ($/ha) - total costs ($/ha) = 6,000 — 1744 = 4256 $/ha.

From Table 4 the marketing margins earned by the middlemen in Sana’a was (1.06/.44*100) = 244 $/kg (Retail price in Sana’a City).

Table 5. Date palm prices in Sana’a City 2007-2008.

2008 Inflation 2008 2007

price ($/kg) Rate price (YR/kg) price (YR/kg) Kind

3 200 600 300 Al-Ngrani (Saudi )
2.5 167 500 300 Al-Hadhramy(Saudi )
2.75 183 550 300 Al-Bashy(Saudi )

€S

www.alghadyem.net

Table 5 explains the market situation, Retail price in Sana’a City increased from 1.5 US$ in 2007 to 3 US$
in 2008 this means the inflation rate is 200% for date palm. Also, the Family Budget Survey 2008 indicted
that Yemen had import date palm from Saudi Arabia by 30 million USA dollar, these indicated demand is
higher than the supply.



& Appendix
Crop budgets input-output analysis of the main cropping patterns in Wadi Hadramout 2002 to 2006.

Table 1. Crop budgets input output analysis of the main cropping patterns in Wadi Hadramout 2006.

Cropping pattern Dates Alfafa Banana Onion Tomato Garlic  Potato
Area cultivated(million ha)’ 0.005  0.00321 0.00022 0.00123 0.00025 0.00012 0.00019
Rainfed area (million ha) 0.002695

Irrigated area (million ha) 0.00270 0.00321 0.00022 0.00123 0.00025 0.00012 0.00019
Irrigation water use (m3/ha)2 19,987 21,640 25,583 12,459 7,032 11,509 6,662
Total irrigation use (MCM) 53.86 69.51 5.63 15.32 1.78 1.36 1.26
Yield (kg)/ha 4,000 11,000 11,964 8,520 4,500 8,672
Farm gate price ($/kg) 0.44 0.580 0.41 0.5 1.6 0.5
Gross revenue ($)/ha 1,744 6,380 4,905 3,834 - 7,200 4,336
Water related costs ($/m’) 0.08 0.08 0.06 0.06 0.05 0.05 0.04
Capital costs ($/m’) 0.043 0.039 0.031 0.028 0.025 0.023 0.021
Maintenance ($/m’) 0.0072 0.007 0.005 0.005 0.004 0.004 0.003
Operation - diesel ($/m’) 0.033 0.030 0.024 0.022 0.019 0.017 0.016
Diesel use (L/m’ water) 0.18 0.165 0.134 0.120 0.108 0.097 0.088
Cost of diesel ($/L 0.179 0.162 0.131 0.118 0.106 0.095 0.086
Operation (oil $/m”) 0.003 0.003 0.002 0.002 0.002 0.002 0.002
Labor costs ($/ha)’ 124 382 397 317 316 378
Other costs” 175 197.00 210 125 215 219
Irrigation water applied (m/ha) 2.00 2.16 2.56 1.25 0.70 1.15 0.67
water cost ($/ha) 1,678 1,686 1,614 708 359 529 276
Total costs ($/ha) 1,977 2,265 2,221 1,150 359 1,060 873
Net Revenue ($/ha) 233 4,115 2,684 2,684 359 6,140 3,463
Returns to water ($/m’) 0.1 0.3 0.2 0.3 - 0.6 0.7

"Ag. S. Sources of Area and productivity are the Agricultural Year Kook — 2002 to 2006.

2 Grw. S. P. Groundwater & Soil Conservation Project, Sauyen Hadramout December 2007.

3 DRC w\ J‘)\}d\ u.\S\SJ h\)&) }w\ Pt ):\‘)’J\ e 22006 (:bd GC\JJM c.LaA}“ 3 4,3‘)...“” Mﬂ\ ),))AS :JJLAAAM.
* Other costs (manure, urea, chemical fertilizers, chemicals) ($/ha).
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Table 2. Crop budgets input output analysis of the main cropping patterns in Wadi Hadramout 2005.

Cropping pattern Dates Alfafa Banana Onion Tomato Garlic Potato
Area cultivated (million ha)’ 0.0053900 0.0028900 0.0002100 0.0012000 0.0002460 0.0001200 0.0001800
Rainfed area (million ha) 0.002695

Irrigated area (million ha) 0.0026950 0.0028900 0.0002100 0.0012000 0.0002460 0.0001200 0.0001800
Irrigation water use(m3/ha)2 20,131 22,590 27,037 13,096 7,389 12,016 6,946
Total irrigation use (MCM) 54.25 65.29 5.68 15.71 1.82 1.44 1.25
Yield (kg)/ha 2,200 13,441 11,948 8,543 8,586 4,522 8,604
Farm gate price ($/kg) 0.4427 0.730 0.43 0.4 0.32 1.23 0.29
Gross revenue ($/ha) 974 9,812 5,138 3,332 2,748 5,562 2,495
Water related costs ($/m”) 0.08 0.08 0.06 0.06 0.05 0.05 0.04
Capital costs ($/m’) 0.043 0.04 0.03 0.03 0.03 0.02 0.02
Maintenance ($/m”) 0.0072 0.01 0.01 0.00 0.00 0.00 0.00
Operation - diesel ($/m’) 0.033 0.03 0.02 0.02 0.02 0.02 0.02
diesel use (L/m’ water) 0.18 0.17 0.13 0.12 0.11 0.10 0.09
Cost of diesel ($/L) 0.179 0.16 0.13 0.12 0.11 0.10 0.09
Operation (Oil $/m’) 0.003 0.00 0.00 0.00 0.00 0.00 0.00
Labor costs ($/ha)’ 124 395 373 312 387 316 364
Other costs’ 145 236.00 205 185 223 177 239
Irrigation water applied (m/ha) 2.01 2.26 2.70 1.31 0.74 1.20 0.69
water cost ($/ha) 1,690 1,760 1,706 744 378 553 288
Total costs ($/ha) 1,959 2,391 2,284 1,241 988 1,046 891
Net revenue ($/ha) 985- 7,421 2,853 2,091 1,760 4,516 1,605
Returns to water ($/m’) 0.0 0.4 0.2 0.3 0.4 0.5 0.4

" Ag. S. Sources of Area and productivity are the Agricultural Year Kook — 2002 to 2006.

2 Grw. S. P. Groundwater & Soil Conservation Project, Sauyen Hadramout December 2007.
3 DRC Sl ymae 5uiadl e 202006 alad ool 30 sliaa i) ¢ 4y i) dpaiill 58 jaliadll,

* Other costs (manure, urea, chemical fertilizers, chemicals) ($/ha).
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Table 3. Crop budgets input output analysis of the main cropping patterns in Wadi Hadramout 2004.

Cropping pattern Dates Alfafa Banana Onion Tomato Garlic Potato
Area cultivated (million ha)’ 0.0053630  0.0028820 0.0001500 0.0005300 0.0003130 0.0001200 0.0002100
Rainfed area (million ha) 0.0026815

Irrigated area (million ha) 0.0026815 0.0028820 0.0001500 0.0005300 0.0003130 0.0001200 0.0002100
Irrigation water use (m*/ha) 20,562 23,058 27,218 13,185 7,289 11,517 6,662
Total irrigation use (MCM) 55.14 66.45 4.08 6.99 2.28 1.38 1.40
Yield (kg/ha) 2,080 10,900 11,962 8,553 8,571 4,523 8,676
Farm gate price ($/kg) 0.42105263 0.610 0.42 0.3 0.28 1.41 0.41
Gross revenue ($/ha) 876 6,649 5,024 2,822 2,400 6,377 3,557
Water related costs ($/m’) 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Capital costs ($/m’) 0.044 0.04 0.04 0.04 0.04 0.04 0.04
Maintenance ($/m’) 0.0038 0.00 0.00 0.00 0.00 0.00 0.00
Operation - diesel ($/m’) 0.017 0.02 0.02 0.02 0.02 0.02 0.02
diesel use (L/m’ water) 0.18 0.18 0.18 0.18 0.18 0.18 0.18
Cost of diesel ($/L) 0.094 0.09 0.09 0.09 0.09 0.09 0.09
Operation (Oil $/m’) 0.002 0.00 0.00 0.00 0.00 0.00 0.00
Labor costs ($/ha)’ 124 450 434 410 398 405 424
Other cost ($/ha) 120 250.00 230 212 215 212 231
Irrigation water applied (m/ha) 2.06 2.31 2.72 1.32 0.73 1.15 0.67
water cost ($/ha) 1,339 1,532 1,804 873 482 761 440
Total costs ($/ha ) 1,583 2,232 2,468 1,495 1,095 1,378 1,095
Net revenue ($/ha) 707- 4,417 2,556 1,327 1,305 4,999 2,462
Returns to water ($/m’) 0.0 0.3 0.2 0.2 0.3 0.6 0.5

" Ag. S. Sources of Area and productivity are the Agricultural Year Kook — 2002 to 2006.

2 Grw. S. P. Groundwater & Soil Conservation Project, Sauyen Hadramout December 2007.
3 DRC Sl ymae 5u3edl e 202006 alad ool 30 sliaa i) ¢ 4y i) dpaiill 58 jaliadll,

* Other costs (manure, urea, chemical fertilizers, chemicals) ($/ha).
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Table 4. Crop budgets input output analysis of the main cropping patterns in Wadi Hadramout 2003.

Cropping pattern Dates Alfafa Banana Onion Tomato Garlic Potato
Area cultivated(million ha)’ 0.01 0.0023830 0.0002100 0.0010200 0.0002410 0.0001130 0.0001790
Rainfed area (million ha) 0.003907

Irrigated area (million ha) 0.00 0.0023830 0.0002100 0.0010200 0.0002410 0.0001130 0.0001790
Irrigation water use(m’/ha)’ 21,712 23,993 28,488 13,365 7,540 12,097 7,371
Total irrigation use (MCM) 84.83 57.17 5.98 13.63 1.82 1.37 1.32
Yield (kg/ha) 1,384 10,950 11,953 8,533 8,578 4,513 8,622
Farm gate price ($/kg) 0.34 0.58 0.53 0.3 0.38 1.3 0.35
Gross revenue ($/ha) 473 6,351 6,335 2,645 3,260 5,867 3,018
Water related costs ($/m?) 0.066 0.067 0.07 0.07 0.07 0.07 0.07
Capital costs ($/m’) 0.044 0.04 0.04 0.04 0.04 0.04 0.04
Maintenance ($/m’) 0.0038 0.00 0.00 0.00 0.00 0.00 0.00
Operation - diesel ($/m’) 0.017 0.02 0.02 0.02 0.02 0.02 0.02
diesel use (L/m’ water) 0.18 0.18 0.18 0.18 0.18 0.18 0.18
Cost of diesel ($/L) 0.095 0.09 0.09 0.09 0.09 0.09 0.09
Operation (Oil $/m’) 0.002 0.00 0.00 0.00 0.00 0.00 0.00
Labor costs ($/ha)’ 135 426 462 416 486 423 478
Other cost ($/ha) 142 233.00 222 189 207 217 257
Irrigation water applied (m/ha) 2.17 2.40 2.85 1.34 0.75 1.21 0.74
water cost ($/ha) 1,429 1,612 1,913 898 506 812 495
Total costs ($/ha) 1,706 2,271 2,597 1,503 1,199 1,452 1,230
Net Revenue ($/ha) 1,232- 4,080 3,738 1,143 2,060 4,415 1,788
Returns to water ($/m’) 0.02 0.26 0.22 0.20 0.43 0.48 0.41
Crop water requirement (m3 /ha) 14,379 15,580 18,145 8,970 5,027 8,174 4,725

" Ag. S. Sources of Area and productivity are the Agricultural Year Kook — 2002 to 2006.

2 Grw. S. P. Groundwater & Soil Conservation Project, Sauyen Hadramout December 2007.
PDRC Sl pae 5o5all de 202006 alal ol )3l sbasl ¢ 4 pial) dpaiill 85 jslad),

* Other costs (manure, urea, chemical fertilizers, chemicals) ($/ha).
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Table 5. Crop budgets input output analysis of the main cropping patterns in Wadi Hadramout 2002.

Cropping pattern Dates Alfafa Banana Onion  Tomato Garlic Potato
Area cultivated (million ha)’ 0.01 0.0023710 0.0001570 0.00054 0.00031 0.0001200 0.0002300
Rainfed area (million ha) 0.003856

Irrigated area (million ha)® 0.00 0.0023710 0.0001570 0.00054 0.00031 0.0001200 0.0002300
Irrigation water use (m3/ha) 18,693 21,811 25,948 12,638 7,339 11,770 6,662
Total irrigation use (MCM) 72.08 51.71 4.07 6.82 2.30 1.41 1.53
Yield (kg/ha) 1,350 10,973 11,600 8,526 8,559 4,526 8,683
Farm gate price ($/kg) 0.479 0.570 0.4 0.4 0.42 1.38 0.41
Gross revenue ($/ha) 646 6,255 4,640 3,410 3,595 6,246 3,560
Water related costs ($/m’) 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Capital costs ($/m’) 0.045 0.04 0.04 0.04 0.04 0.04 0.04
Maintenance ($/m’) 0.0039 0.00 0.00 0.00 0.00 0.00 0.00
Operation - diesel ($/m’) 0.018 0.02 0.02 0.02 0.02 0.02 0.02
diesel use (L/m’ water) 0.18 0.18 0.18 0.18 0.18 0.18 0.18
Cost of diesel ($/L) 0.096 0.10 0.10 0.10 0.10 0.10 0.10
Operation (Oil $/m’) 0.002 0.00 0.00 0.00 0.00 0.00 0.00
Labor costs ($/ha)’ 154 463 473 412 498 415 469
Other cost ($/ha) 124 189.00 229 143 263 132 253
Irrigation water applied (m/ha) 1.87 2.18 2.59 1.26 0.73 1.18 0.67
water cost ($/ha) 1,243 1,481 1,761 858 498 798 452
Total costs ($/ha) 1,521 2,133 2,463 1,413 1,259 1,345 1,174
Net revenue ($/ha) 875- 4,122 2,177 1,998 2,336 4,900 2,386
Returns to water ($/m’) 0.0 0.3 0.2 0.3 0.5 0.5 0.5

" Ag. S. Sources of Area and productivity are the Agricultural Year Kook — 2002 to 2006.

2 Grw. S. P. Groundwater & Soil Conservation Project, Sauyen Hadramout December 2007.
P DRC Sl ymae 5u3adl e 202006 alad ool 30 slian ) ¢ ay i) dpaiill 58 jaliadll,

* Other costs (manure, urea, chemical fertilizers, chemicals) ($/ha).



The Date Palm and Its Role in Reducing Soil Salinity and Global
Warming
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Abstract

The date palm is a blessed tree that is known for its various benefits. It plays
a big role in achieving environmental balance, as it grows in a harsh climatic
environment and even in highly saline sand. Moreover, the date palm absorbs
carbon dioxide to a significantly greater extent than other trees, due to its large size.
It also on average stores more carbon than other trees of similar size. This potential
makes the date palm an important tool in the fight to stave off global warming,
which is mainly caused by carbon dioxide emissions. Consequently, this paper
proposes a massive date palm tree planting exercise in the Arab world, in order to
make it the world’s future lungs that would transform carbon dioxide into oxygen
and food, in a similar way to the Amazon’s rainforest. The paper makes a number of
recommendations, including the need for taking good care of this neglected tree, the
provision of government incentives for growing it, and the inclusion of the planting
of date palms as part of carbon offset projects which would be incorporated into an
overall sustainable development agenda.

INTRODUCTION

Date palm (scientific name Phoenix dactylifera) plantations exist in several
regions of the world, but they are particularly concentrated in the MENA region (Fig. 1).
The date palm is one of the most prominent trees in the Arab world in general, and in Iraq
in particular where it is considered to be the national tree that is distinguished globally.
The date palm has played a very important role in the economic, social and religious
aspects of life for generations because it was one of the most vital sources of food for date
palm cultivators. Estimates indicated that in Iraq there were 30 million date palm trees in
1970. The scars of war and economic crises were among the most significant reasons for
the deterioration of the date palm industry in Iraq. During the first Gulf War (1980-1988)
and the second (1991), more than 20 million palm trees were completely destroyed in
Iraq. It is estimated that there are 350-400 date types, including high quality dates.
Notably, the date was considered to be Iraq’s second largest national export after oil.
According to a report by the United Nations Food and Agriculture Organization (FAO)
Iraq was - before the embargo - the largest date producer, producing 550,000 tons per
annum. This is equivalent to 80% of the world market and generated an annual revenue of
nearly 50 million dollars for Iraq.

However, the situation has changed greatly; Iran, Egypt and Saudi Arabia
exceeded Iraq in terms of exportation, to the extent that Iraq’s export figures no longer
appear officially at the international level. By contrast, Tunisia occupied first place in
terms of world’s date exports with an annual income equal to 47 million dollars followed
by Pakistan with 23 million dollars and Iran with 21 million dollars. The FAO reports
have confirmed that the United Arab Emirates has stepped up its date exports by a factor
of four times between 1989 and 1993. However, dates exports rose even higher in Iran,
from 10,000 tons in 1989 to 60,000 tons in 1993. In 1994, Iraq’s date palm productivity
was around 20-25 kg for one date palm, whereas, in the same year, date palm productivity
reached 60-70 kg in Saudi Arabia (Al-Rawi, 1996).
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DISCUSSION

Reasons behind the Decline of the Date Palm

There has been a major decline in interest in date palms since the 1960s and this
negligence had doubled by the 1980s. Several reasons have been attributed to this decline
in palm tree cultivation. These include:

. Urban sprawl.

. Lack of government interest and lack of serious plans for date palm plantations.

. Negligence of farmers and failure to use technology for date palm cultivation.

. Shortage of water and high soil salinity.

. Effects of war upon the agriculture sector and the economic blockade which
accelerated the depletion process of date palms in Iraq. This depletion began with the
first Gulf War and has continued until the present day, however only recently a change
of the trend is observed and Iraq starts planting more date palms (United States Agency
for International Development, 2005).

DA WK —

Characteristics of the Date Palm

The date palm is a unique type of palm tree. This is because it is deciduous and
wind pollinated. There are nearly 500 types of date palms. The date palm is tall and can
grow to a height of 24-30 meters. They can live for more than 200 years. Date palm
leaves are beautiful and they normally do not fall off until the tree dies. Date palms can
grow in hot arid regions, with temperatures ranging between 24 and 34°C. They adapt
well to a harsh climatic environment, even with water scarcity and excessively high
temperatures. However, it is sometimes argued that it would be best to grow date palms in
areas which are characterized by long and hot summers (during which dates mature), with
winter temperatures not less than -9°C. Such climates exist in the Arabian Peninsula, Iraq
and the South-West region of Iran, where high quality dates mature perfectly while on the
tree.

Moreover, date palms can grow in different types of soil, including dry, clay and
sandy soils. The table below, which demonstrates the salt tolerance for different types of
plants, shows that the date palm is best adapted to a high salt tolerance environment (i.e.,
2000-500 ppm). Recent studies even indicate that the range is, in fact, 6000-7000 ppm
(Barreveld, 1993). It should be noted however that, depending upon the environment and
the type of soil, the productivity of the date palm decreases as the salt concentration
increases.

It is commonly known that photosynthesis refers to the process that converts
carbon dioxide into organic compounds such as sugars (i.e., glucose) using the energy
from sunlight. Date palms absorb carbon dioxide (CO;) and produce sugar, oxygen (O,)
and water (H,O), similar to other plants, as shown in the following formula:

6 COxg) + 12 HyO() + photons — C¢H1206(aq) + 6 Oag) + 6 H2O

Based on this formula, 1.46 ton of CO; and 1.2 ton of water can produce 1 ton of sugar,
0.53 ton of oxygen and 0.6 ton of water. This translates to the net use of only 0.58 tons of
water. The sugar produced forms a main source of food for humans and animals, both of
which are the main polluters of the environment. Indeed, the amount of absorbed CO,
depends on the size of the plants’ green parts. Here, it is perhaps worth acknowledging
that the date palm is a large tree with very dense leaves (the length of a leaf is 4-5 m), and
each leaf has approximately 150 leaflets (each leaflet is around 30 centimetres in length
and 2 centimetres in width). Moreover, given that the height of the date palm tree ranges
from 15 to 25 metres, its absorption of CO; is significant. Figure 2 illustrates the parts of
the date palm tree.

Moreover, carbon constitutes 50% of the dry wood, whilst water represents around
75% of the whole living plant. With regard to the date palm, water constitutes a maximum
of 25%, whilst carbon makes around 60% (all of which has been absorbed from the
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atmosphere). It should be noted that although the amount of captured carbon depends on
the type and age of the tree, carbon is also stored in the trunk and roots. It is common
knowledge that burning 1 ton of carbon produces 3.66 ton of CO, as per the following
reaction:

C+02=C02

In other words, the production of 1 ton of carbon requires around 3.66 ton of CO,.
Given that not only is the date palm a long living tree (with an age that might exceed 100
years), and is also a large tree with the biggest roots (with wood density of around 200-
900 kg/m (Khani, 2005)), comparatively significant amounts of CO, are absorbed and
stored in the trunk and roots of the tree in a form of carbon. Assuming a height of 15 m
and a diameter of 0.5 m, the mass of the trunk woods is approximately 1,472 kg. Thus,
water constitutes: 1,472x25%=368 kg. The remaining solid part would represent 1,472—
368=1,103.8 kg. The carbon mass would be around 1,103.8x50%=552 kg. This would
lead to a total lifetime amount of carbon dioxide of around: 522%3.66=2020.3 kg of COs.

Another distinctive feature of the date palm is its productivity. It is estimated that
during the first 5 to 8 years of its life, the yearly crop is around 8-10 kg. The total crop, up
to 13 years of age, is around 60-80 kg. When the date palm is grown in a suitable
agricultural and climatic environment, with proper care, its crop could reach 100 kg per
year (Morton, 1987). About 79% of that weight is carbohydrate which is a form of
carbon. This would mean that a mature date palm, in addition, to storing a large amount
of carbon in its trunk and roots, it converts a large amount of CO, which is annually
equivalent to about 290 kg, as well as producing food.

Date Palm: Environmental and Economic Implications

Like all plants, the date palm has a positive impact on the environment, not to
mention its aesthetic advantage in decorating roads and improving the landscape. It
provides shade and comfort to human life. According to recent studies, the date palm has
the potential for improving the environment of the Arab world through the following:

1. Given the adaption features of the date palm, it has an important role in enhancing
ecological balance and reducing desertification. The intensification in the growing of
date palms near cities could work as a shield against dust storms.

2. Palm trees have a big potential in absorbing CO, from the atmosphere; something that
is of high priority to a wide range of governmental and non-governmental
organizations. Compared to other plants of a comparable size, the palm tree needs a
minimal amount of water. In an earlier study (Sharif, 2008), it was demonstrated that
one million mature date palm trees can absorb 2.0 million tons of CO,. Based on
photosynthesis calculations, we can suggest that since one date palm tree would lead to
a reduction of CO; by 200 kg annually, growing a million trees would absorb 200,000
tons of CO, as well as the food value.

3. Besides its high CO, absorption potential, date palms have a high storage capability
given its large size and long life.

4. Given that the annual crop of dates from a single date palm could exceeds 100 kg
(Morton, 1987), growing date palms on a large scale could generate both high revenue
and jobs.

5. Within date palm farms, there tend to be large spaces between palms. These could be
used to grow different types of fruits such as grapes (which also have a high carbon
content and nutritious value).

Iraq as the World’s Future Lung

Considering the CO, emissions in England - for instance - it has been estimated
that it produced 566.7 million tons of CO, in 2007. This makes the country among the
highest CO, producers in the world (bearing in mind that the United States of America
produce 5,877 million tons). Growing 100 million palm trees could absorb up to 200
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million tons of CO; (i.e., the equivalent of 30% of England’s total emissions). Growing
this number of date palms would require 3,600 km” (i.e., around 1.5% of England’s land
area), assuming that one km? would be enough to grow 30 000 date palms. It should also
be noted that not all of these date palms need to be grown on a single farm. However,
given that the climatic environment of England is not suitable for growing date palms;
other counties, with more suitable environments, such as Iraq or other MENA countries,
could contribute in such an endeavor.

In this regard, it is proposed to intensify date palm cultivation in Iraq, which once
had at least 30 million palm trees. Figure 3 shows that Iraq, among a number of other
Arab countries, leads the world in terms of date crops. This would essentially make Iraq
the world’s future lungs that would enable it to inhale CO, and exhale oxygen, in a
similar way to the Amazon rainforest, as well as producing high value and quality food. If
the target of 30 million palm trees is achieved, it is possible that 6 million tons of CO,
would be absorbed annually, not to mention approximately 60.0 million tons of carbon
that would be stored in the trunk and roots, during the life time of the trees.

Moreover, it should be remembered that Iraqi dates are among the highest quality
and rarest type in the world. This means that growing date palms in Iraq is likely to
generate high economic returns, whilst providing employment opportunities. There is no
doubt, given the magnitude of such an ambitious project, that Iraq would require regional
and international support in terms of the planning, funding and scientific aspects. It is
worth acknowledging here that, as a result of the support provided by the United States
Agency for International Development (USAID), interest in growing date palms has been
revived to the extent that 410,000 date palms have been planted per annum, in different
parts of Iraq since 2003 (United States Agency for International Development, 2005).

Date Palms and Sustainable Development

Given the recent environmental concerns, there have been many calls for
providing solutions that would ultimately lead to sustainable development. The most cited
definition of sustainable development is perhaps the one provided by the World
Commission on Environment and Development in 1987: “Development that meets the
needs of the present without compromising the ability of future generations to meet their
own needs” (World Commission on Environment and Development, 1987). The world, as
a whole, is trying to find a compromise between economic growth and preserving natural
resources, whilst taking into account the economic, environmental and social aspects of
sustainable development. One of the most sustainable ways of achieving this is land
cultivation and the greening of the earth. In this regard, it is argued that the date palm has
a strong potential for achieving sustainable development through providing shade,
achieving an ecological balance, producing food and improving the air quality. Therefore,
it is of strategic 1mp0rtance to intensify the growing of date palms. It is also worth
mentioning here that ‘carbon offset projects’, which are gaining momentum around the
world, could be used to encourage the cultivation of palm trees. Carbon offsetting, which
refers to the idea of assuaging guilty consciences as a result of the production of
greenhouse gases (including CQOy), offers a range of ways for individuals and businesses
to participate in global warming solutions. The basic idea is to figure out the ‘carbon
footprint’, which refers to the individual’s contribution to the global warming problem,
and then attempt to balance out this footprint through buying carbon offsets which could
be used for a wide range of environmentally-friendly projects such as the development of
renewable energy and tree planting projects. It is proposed here to place date palms at the
top of the tree planting initiatives in Iraq (and the Arab world in general), as part of the
carbon offsetting endeavours. This would help in realising the ambition of making Iraq
the future lungs of the world by inhaling CO, and exhaling oxygen.

CONCLUSIONS
Date palms have a strong potential in addressing the problem of global warming,
along with tackling air pollution and soil salinity problems. Plans must be put into place
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in order to effectively utilize date palms and make them the future lungs of the world.
Awareness of the benefits of date palms has to be raised among decision makers,
investors and the general public. There is a need to organize conferences and seminars
that explain the potentially important role of date palms. Moreover, funds need to be
allocated to support research projects aimed at improving the cultivation of date palms.
Last, but certainly not least, growing date palms needs to be incorporated into sustainable
development initiatives and carbon offset projects.
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Table

Table 1. Salt tolerance for different types of plants.

Low salt tolerance Medium salt tolerance High salt tolerance
Pear almond Pomegranate Date palm
Apple apricot Fig

Orange peach Olive

Grapefruit strawberry Grape

Prune lemon Cantaloupe

Plum avocado
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Fig. 1. Distribution of date palm plantations in the mid-1960s.
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Fig. 3. International spread of date cultivation.
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Performance and Field Management of Six Prominent Cultivars of Date
Palm (Phoenix dactylifera) in Extreme Arid Regions of Thar Desert,
India
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) Jaisalmer
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Keywords: date palm, Indian Thar Desert, doka and pind stage, fruit characteristics

Abstract

Ten female cultivars of datepalm were introduced in 1996 at the Chandan
research centre located at 27°01’N and 71°01’E in Jaisalmer district of Western
Rajasthan, India. Twelve offshoots of six prominent cultivars, each having average
weight of 10-12 kg were further transplanted after careful separation from mother
plants in the year 2000. It is revealed that transplanting of offshoots in the month of
September is more beneficial with higher survival; 90% as against 65% in the
offshoots transplanted in the month of March-April. First flowering was observed in
‘Halawi’ and ‘Samran’ in the second year of field planting whereas other cultivars
flowered in the fourth and fifth year except ‘Migraf’, which flowered in the sixth
year. Minimum thermal degree days were required for ‘Khadravi’; 2213°C for
khalal stage to 3125°C for tamar (dang) stage, whereas maximum was recorded in
‘Medjool’; 2640°C for khalal stage to 3440°C for tamar stage during 2009. Physical
characteristics of fruits of six prominent cultivars revealed a maximum fruit length
of 39.5 mm in ‘Medjool’ and minimum 25.1 mm in ‘Khadrawi’. Similarly, maximum
pulp thickness of 16.3 mm was recorded in ‘Medjool’ and least 7.4 mm in ‘Dayani’
at khalal stage. The single fruit weight 16.1 g was also highest in ‘Medjool’ and
lowest 3.8 g in ‘Khadrawi’. Significant reduction in pulp and net weight of single
fruit was recorded in all the cultivars, which was up to 30-35% in ‘Halawi’.
Maximum number of bunch 15 were recorded in ‘Khalas’ followed by 14 in
‘Halawi’. Maximum yield of 125 kg per plant at tamar stage was recorded in
‘Khalas’ followed by ‘Halawi’, 92 kg and closely followed by ‘Medjool’, 89 kg during
the year 2009. The prevailing conducive climatic conditions along with the inception
of a canal system and ground water in the desert has opened the potential of
commercial cultivation of date palm in the Indian Thar desert in millions of hectares
in the future ahead.

INTRODUCTION

Date palm is the most potential plant among different crops in the Thar desert of
India due to the conducive climatic conditions in the region and its high prospect and
promise for obtaining high productivity and sustaining livelihood security. In recent
times, the inception of the canal irrigation system in the most western districts in the Thar
desert has further enhanced the possibility of harnessing the full potentiality of the date
palm crop. The introduction trials on several cultivars of datepalm at the Chandan
research centre of the Central Arid Zone Research Institute, India, have generated
valuable information on fruit development stages of datepalm. It is only the Jaisalmer
district in India where the long dry period of 180-185 days with cumulative heat
summation above 3000°C are available, which helps to produce tree ripened soft dates
every year (Chandra et al., 1992; Chundawat, 1990; Mertia and Vashishta, 1985; Mertia
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et al., 1995; Pareek and Sodagar, 1986; Singh et al., 2000). In the present study, six
prominent cultivars of date palm have been evaluated through several field trials.

MATERIALS AND METHODS

The Geographical Setting and Climate

The experiment has been laid out in the year 2000 at the research centre Chandann
(27°01°N and 71°01’E) of the Central Arid Zone Research Institute, Regional Research
Station, Jaisalmer. It is situated at the heart of the Thar desert in the most western part of
India. Agro-climatically, Jaisalmer is characterized by low and erratic rainfall, extreme
temperatures, and high evapotranspiration rate. Monsoon sets in the region during the
second week of July and starts to recede by the end of August. Long term average annual
rainfall of the study region is 180 mm, 80% of which occurs during the monsoon season.

Soil Site Condition

Chandan farm is situated on undulating aeolian plains with stabilized and denuded
sand dunes. The soils are deep, mixed hyperthermic, calcareous family of Typic
Torripsamnents (Table 1). The soﬂs are low in organic carbon (0. 12%) low in available
N content (97 kg KMnO4 N ha™'), low in P content (7 kg P ha™), and medium in K
content (130 kg K ha™) (Table 1).

Experimental Setting

Twelve offshoots of six prominent cultivars were planted in the field after
separation from mother plants in the year 2000 (Mertia et al., 1995). Observations on
vegetative and reproductive attributes were recorded annually. Four trees of each cultivar
were used as a replicate in randomized block design. They were evaluated in respect of
physical characters of fruits at doka (khalal) and pind (tamar) stage in the fifth year of
field planting when all the cultivars produced a sufficient quantity of fruits.

RESULTS AND DISCUSSION

It was revealed during separation of offshoots from mother plants that 10-12 kg
offshoot weight led to better establishment over others. Similarly, transplanting in the
month of September showed higher survival (90%) as against 65% when transplanted in
the months of March-April.

Physical characteristics of fruits of six cultivars at doka (khalal) stage revealed
amaximum length of fruit in ‘Medzool’ (39.5 mm) followed by ‘Shamran’ (34.0 mm) and
lowest in ‘Khadrawi’ (25.1 mm). Maximum pulp thickness was also recorded in
‘Medzool’ (16.3 mm) followed by ‘Burhee’ (11.8 mm) and minimum in ‘Khadrawi’
(6.6 mm). Maximum fruit weight was recorded in ‘Medzool’ (16.1 g) and minimum in
‘Khadrawi’ (3.8 g) (Table 2).

Similarly the data on fruit characteristics for above said six cultivars at pind
(tamar) stage indicated drastic reduction in both the length and weight of fruits in all
cultivars (Table 3). The cultivar ‘Burhee’ did not attain this stage and was consumed as
fresh date.

The physico-chemical composition of fruit pulp at tamar stage revealed that the
maximum total sugar content was in ‘Umshok’ (70.10%) followed by ‘Dayani’ (61.44%)
and minimum in ‘Khadrawi’ (54.13%). The maximum amount of thiamine and riboflavin
was also recorded in “‘Medzool’ (0.030 and 0.027%, respectively) (Table 4).

CONCLUSIONS

The cultivars ‘Medzool” and ‘Dayani’ are suitable for dry dates but good quality
soft dates are also formed. The early appearance of spathe in the last week of January to
the first week of February and due to dry periods of 180-185 days lead to formation of
soft dates on tree. Attaining the full stage of soft dates on the tree results in maximum loss
of weight 30-35%, which may be avoided by harvesting fruits a little early at the
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beginning of the tamar stage and fruits ripen within weeks time without much loss of
weight and can be sold in the market.
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Tables

Table 1. Physio-chemical properties of the soils of the experimental site.

Mixed, hyperthermic, calcarcous family of Typic Torripsamments

Particle size

o Organic  CEC
Horizon D(?g;[h Sand dlétlr;butlon C?&% pH ( dég g-l) carbon  (Cmol
0 % ;V Texture (%)  (+p)/ke)
Ap 0-20 77.4 6.1 Is 5.4 8.7 0.8 0.12 3.5
Cl1 20-55 83.2 6.8 Is 4.0 8.6 0.5 0.08 2.8
C2 55-108 86.1 6.5 Is 5.2 8.6 0.3 0.06 2.4
C3 108-137 86.7 6.7 Is 6.2 8.7 0.4 0.06 2.4

Is = loamy sand

Table 2. Physical characteristics of date palm fruits at doka (khalal) stage of six cultivars
grown at Chandan farm, Jaisalmer.

Fruit dimension  Stone dimension Pulp Fruit weight (g)
Cultivar (mm) (mm) thickness weight (g

Length Dia Length Dia (mm) Pulp Stone Total
Medzool 39.5 25.9 20.3 9.6 16.3 15.0 1.1 16.1
Shamran 32.6 21.2 21.9 9.7 11.5 85 1.2 9.7
Barhee 34.0 21.9 24.9 10.1 11.8 84 1.4 9.8
Dayani 31.6 16.9 23.1 9.5 7.4 42 1.3 5.5
Khadrawy 25.1 15.2 19.4 8.6 6.6 29 09 3.8
Umshock 29.9 19.2 22.5 9.7 9.5 58 1.3 7.1
CD (p=0.05) 2.8 1.2 1.9 0.9 1.2 1.2 03 1.0
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Table 3. Physical characteristics of date palm fruits at pind (tamar) stage of six cultivars
grown at Chandan farm, Jaisalmer.

Fruit dimension  Stone dimension Pulp

Cultivar (mm) (mm) thickness Fruit weight (g)
Length Dia  Length Dia (mm) Pulp Stone Total
Medzool 323 21.4 17.4 8.3 13.1 94 0.8 102
Shamran 30.1 19.2 18.9 7.8 11.4 6.8 0.8 7.6
Barhee - - - - - - - -
Dayani 28.6 13.9 18.6 8.4 55 2.6 1.0 3.6
Khadrawy 22.8 14.2 16.6 7.1 7.1 29 0.6 3.4
Umshock 30.1 19.9 21.9 8.5 11.4 45 09 5.7
CD (p=0.05) 2.6 1.6 1.7 0.9 1.4 0.6 0.1 0.7

Table 4. Physico-chemical composition of date palm fruits at pind (tamar) stage of six
cultivars grown at Chandan farm, Jaisalmer.

Cultivar Total sugar Thiamine Riboflavin Nicotinic acid  Ascorbic acid
(%0) (%0) (%) (%) (%0)
Medzool 56.63 0.030 0.027 0.30 -
Shamran 59.26 0.013 0.019 0.31 -
Dayani 61.44 0.026 0.014 0.16 -
Khadrawy 54.13 0.009 0.023 0.19 -
Umshock 70.10 0.004 0.031 0.29 -
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Abstract

This study was conducted in Tamiya district, Fayoum Governorate, Egypt in
three successive seasons of 2005, 2006 and 2007. Fifty seedling palm males were
chosen and evaluated in order to select the suitable and most promising males of
them to be used in pollinating female date palms. The results showed that there are
five palm males (No. 2, 10, 29, 40 and 46) that were characterized as highly potent
and that recorded the highest grades for the studied characters. These characters
involved: weight and viability of pollen grains, spathes number, flowers number,
start and duration of spathe burst. Accordingly, those selected palm males could be
used as pollinators for date palm females and considered as recommended under the
conditions of this study.

INTRODUCTION

In most date palm growing countries including Egypt, date growers are
accustomed to use pollens from seedling males in pollinating female palms where readily
available. These seedling males are highly variable, in the sense that they differ greatly in
their growth, vigour, flowering time, spathe characteristics and pollen quality (Nixon,
1959; El-Sabrout, 1979; Shaheen et al., 1989; Gasim, 1993 and Dawoud, 2001). As a
result, there is a direct effect on yield and fruit quality of the palms. Many investigators
cleared that different pollen sources have a direct effect on fruit-setting, fruit qualities and
the time of fruit ripening on several date cultivars (ElI-Hammady et al., 1977; Dawould,
2001; Moustafa, 2001). They also added that this effect varies according to the male
parent used in pollinating female palm trees.

Fayoum Governorate, is one of the main areas of date production in Egypt,
especially semi-dry date cultivars. There are large variations in fruit characteristics. This
implies that the selection of male palm trees which is used as appropriate pollinators is
very important to ensure a high yield with the best fruit qualities.

The main goal of this study is to evaluate different male palm trees, then select the
suitable and most promising males of them to be used in pollinating female date palms.

MATERIALS AND METHODS

This study was conducted during three successive seasons of 2005, 2006 and 2007
on fifty seedling palm males. Palms were about 20 years old and grown in a clay loam
soil at Tamiya district, Fayoum Governorate, Egypt. No special treatments were given to
the palms more than the normal field cultural practices. All experimental palm males
were chosen and marked from 1 to 50 in order to be evaluated in this study.

In each season, the dates of the beginning and ending of spathe burst for each male
were recorded and spathe burst duration as well as spathes number were calculated.
Morphological spathe characteristics for each male such as weight, length and width were
recorded, then the averages were calculated. Also, the characteristics of strand were
recorded and calculated where involved: strands number per inflorescence, strand length
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and flowers number per strand for each palm male.

For pollen grains characteristics, the strands of each spathe were cut off and
spread in a thin layer on paper sheets for 3-4 days till they became dry. Then, the pollen
grains were separated from the floral parts using fine sieves (40 mesh). The pollen grains
of each experimental palm male were collected and their weight was determined. As soon
as pollen grains were collected, pollen viability was tested with acetocarmen-staining.
One drop of 1% acetocarmen was placed on pollen and microscopically examined.
Colorless or unstained pollen grains were considered non viable. Ten counts at different
fields were examined and readings were recorded to determine the percentage of pollen
viability according to Hamdy (1982) and El-Salhy et al. (1997).

As for the selection of promising males, the 50 chosen seedling palm males were
evaluated according to some characteristics suggested by Nixon (1959). These
characteristics included: the amount and viability of pollen grains produced form the
male, number of flowers per strand, number of spathes and flowering time. Different
degrees were given to these characters as follows: 5 degrees for spathes number, 10
degrees for flowers number, 3 degrees for beginning of spathe burst, 2 degrees for
duration of spathe burst, 30 degrees for weight of pollen grains and 50 degrees for
viability of pollen grains. Then the score of each evaluated male palm was calculated on
the basis of 100 degrees for the sum of degrees of the previous characteristics. The grade
of any character for each palm male and the grade of any palm male for each
characteristic were calculated as follows:

L —-L
Grade character = 2~ M
Degrees which gave for character
M-L
Grade male= 1
Grade character

Where L, = maximum value of character for all tested palm males; L; = minimum value
of character for all tested palm males; M = male value for character.

RESULTS AND DISCUSSION

Evaluation of Date Palm Males

1. Flowering. Spathe burst (date and duration) of 50 chosen date palm males are
presented in Table 1. The obtained results on spathe burst times, which was calculated as
the number of days after February 19 to burst the first spathe on each palm male show
that the commencement of spathe burst varies to some extent according to males and
seasons. It is clear from these results that the spathe burst of males No. 3 and 8 started
about 19 days earlier (February 20) than those of males No. 6 and 14 (March 11). The
spathe burst times of other palm males were in between. These results confirm the
findings of Nasr et al. (1986), Desouky et al. (1993), Gasim (1993) and Dawoud (2001),
who reported that date palm males differed greatly in flowering dates. Moreover, El-
Amer et al. (1993) found that the palm males grown under Egyptian conditions usually
commence flowering from February 3 till the first ten days of March.

Concerning the duration of spathe burst for each palm male which was calculated
as the number of days between the burst date of the first spathe and those of the last one
on each palm male, the results cleared that there was great variation according to the male
type, where the longest was 44 days for male No. 13 and the shortest was 26 days for
male No. 4. El-Amer et al. (1993) found that the flowering duration of palm males ranged
between 31 to 43 days.

2. Spathes Number. Data in Table 1 show that the average number of spathes produced
per male varied greatly according to the evaluated males. Increasing the spathes number
produced per male decreased the risks in the amount of harvested pollen grains with loss
or defect of some spathes. It is clear from these data that male No. 10 had the highest
average number of spathes (33.33), while male No. 35 had the lowest number (9.33).
These findings are supported with what was reported by El-Amer et al. (1993) and Abd
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El-Rawy (2001), who found that the spathes number produced per palm male ranged from
22 to 41 and from 16 to 31 spathes, respectively according to the evaluated male.

3. Morphological Characteristics of the Spathe. The results obtained from the
evaluation of male palms showed great variability in the morphological characteristics of
the spathes of various males. These results (Table 2) are summarized as follows:

Spathe Weight. It was noticed that there are clear differences in the average spathe weight
of the evaluated males. The highest weight was obtained for male No. 2 (2.68 kg) and the
lowest one was found for male No. 47 (1.06 kg). These results are in agreement with the
findings of El-Amer et al. (1993) and Abd El-Rawy (2001), who found that the average
spathe weight in the different palm males varied from 110 to 1619 g and ranged from 1.7
to 2.8 kg, respectively.

Spathe Length. The average spathe length of the studied palm males ranged between
47.72 (male No. 40) and 90.07 cm (male No. 23). The results are in agreement with the
findings of Nasr et al. (1986) who found that the spathe length of different date palm
males ranged between 25 and 119 cm. Moreover, Abd El-Rawy (2001) pointed out that
spathe length values were obtained of 79, 73, 87 and 85 cm of ‘Khalaf’, ‘El-Galaly’, ‘El-
Iraqui’ and ‘El-Bitary’ palm males, respectively.

Spathe Width. There is a clear difference in the average spathe width among the studied
palm males. The highest value was recorded for male No. 44 (19.51 cm) and the lowest
value was recorded for male No. 26 (11.33 cm). Concerning this, Abd El-Rawy (2001)
found that the average spathe width of different males ranged from 19.9 to 23.1 cm.
Nixon (1959) stated that no two seedling palm are alike in the morphological
characteristics of the spathes.

4. Characteristics of the Strand. Results pertaining to various characteristics of strands
in the studied date palm males are shown in Table 3. These results are summarized as
follows:

Strands Number/Inflorescence. It was found that the average number of strands of each
inflorescence varied greatly among males. The highest number was recorded for male
No. 39 (410.00 strands), while the lowest number was recorded for male No. 45
(114.33 strands). Differences in strands number per inflorescence of date palm males
were reported by Nasr et al. (1986) who found that the strands number per inflorescence
in different palm males varied from 23 to 420 strands. Moreover, Abd El-Rawy (2001)
reported that the number of strands per inflorescence varied from 245 to 274 in different
palm males.

Strand Length. The average length of strands inside the spathe clearly differed among
different tested males. The longest strand was found for male No. 4 (34.30 cm) and the
shortest strand was found for male No. 12 (12.67 cm). These results are supported by the
findings of Nasr et al. (1986) and Abd El-Rawy (2001), who found that the average length
of strands in different date palm pollinators was ranged between 5.20 and 38.10 cm and
from 26.0 to 39.5 cm, respectively.

Flowers Number/Strand. There is a clear differences in flowers number per strand
between the males where the highest average number of flowers was recorded for male
No. 40 (104.00 flowers/strand) and the lowest one was that of male No. 6 (40.33
flowers/strand). These results are in line with those obtained by Nasr et al. (1986) and
Abd El-Rawy (2001), who found that the number of flowers per strand in the different
palm males ranged between 13.6 and 92.8 and from 78 to 109, respectively.

5. Characteristics of Pollen Grains. Results in Table 4 show the characteristics of pollen
grains for 50 chosen palm males. These results (weight and viability of pollen grains) are
summarized as follows:

Pollen Grains Weight. Results indicated that there was great difference among males in
the average weight of pollen grains produced per palm male. The highest average weight
of pollen grains was obtained for male No. 40 (1568.81 g) and the lowest weight was that
of male No. 36 (24.26 g). El-Amer et al. (1993) reported that the amount of pollen grains
produced per spathe of different males varied from 0.26 to 42.95 g, while Dawoud (2001)
found that the pollen weight of spathes ranged between 25.30 and 83.10 g according to
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the male type.

Pollen Grains Viability. There are great differences also among males in pollen grains
viability. The highest percentage of pollen grains viability was obtained for male No. 3
(95.64%) while the lowest one was found for male No. 13 (67.59%). Concerning this,
Nasr et al. (1986) found that the pollen grains viability of palm males ranged form 44.6 to
100.0% using the acetocarmin method and from 6.0 to 93.0% using the germination
method. Moreover, Gasim (1993) reported that palm males varied in viability of pollen
grains. Abd El-Rawy (2001) found that the pollen grains viability of four date pollinators
varied between 82.3 and 92.0% according to the evaluated male.

Selection of Date Palm Males

The basis of selection of date palm males depends on some important
characteristics as suggested by Nixon (1959) and Nasr et al. (1986). These characteristics
included: flowering (start and duration of spathe burst), spathes number/palm, flowers
number/strand and pollen grains (weight and viability).

Tables 5 and 6 show total scores estimated for the 50 chosen palm males. Those
scores are the sum of the degrees which were given for each character from the previous
characteristics. It is evident that 5 males are found to be higher in the total scores than the
other males. They were numbers 2, 10, 29, 40 and 46 which had total scores of 80, 82, 80,
82 and 84%, respectively.

Concerning the start of spathe burst (Table 1), males numbers 2 and 10 had early
spathe burst (at the last third of February), while the males numbers 29 and 40 had a
medium of spathe burst (at the first 3 days of March). The male number 46 was the latest
in spathe burst (at the first ten days of March). From a practical point of view, this could
be useful, because it extends the duration of pollen grains harvesting. Moreover, the
selected 5 males were close to each other in the characteristic of spathe burst duration (31
to 38 days).

As for the spathes number/palm (Table 1), flowers number/strand (Table 3) and
pollen grains (Table 4), data show that the selected five males (No. 2, 10, 29, 40 and 46)
had greater spathes number/palm (>20), a higher flowers numbet/strand (67.67 to 104.00
flowers), yielded higher amounts of pollen grains (1350.41 to 1568.81 g/palm) and had a
high percentage of pollen grains viability (29.26 to 94.75%). In this regard, Nixon (1959)
suggested that the basis of selection of male palms was the amount of pollen grains
produced and the flowers should contain abundant pollen as well as the number of
flowers/strand.

From the foregoing results, it can be concluded that the date palm males numbers
2, 10, 29, 40 and 46 were characterized as highly potent and recorded the highest scores
as compared with other males. Accordingly, those selected palm males may be considered
superior males and could be used as a pollinators for palm females under the conditions of
this study.
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Tables

Table 1. Start and duration of spathe burst and spathes number of date palm males.

Start of spathe burst* Duration of spathe burst Spathes No.
Male No. Mean** Male No. Mean** Male No. Mean** Male No. Mean** Male No. Mean** Male No. Mean**
1 7 26 9 1 42 26 34 1 12.67 26 15.33
2 3 27 10 2 31 27 42 2 26.33 27 21.67
3 1 28 12 3 31 28 36 3 24.00 28 21.00
4 8 29 10 4 26 29 38 4 18.33 29 24.67
5 8 30 12 5 34 30 40 5 17.67 30 19.33
6 20 31 10 6 32 31 43 6 17.67 31 17.33
7 12 32 12 7 36 32 39 7 15.67 32 20.67
8 1 33 12 8 36 33 33 8 20.33 33 15.33
9 9 34 9 9 35 34 33 9 15.00 34 17.00
10 2 35 14 10 34 35 41 10 33.33 35 9.33
11 9 36 11 11 41 36 33 11 12.33 36 14.00
12 10 37 13 12 40 37 36 12 18.00 37 10.33
13 14 38 11 13 44 38 43 13 20.00 38 24.00
14 20 39 11 14 34 39 40 14 17.33 39 14.00
15 9 40 11 15 41 40 38 15 19.00 40 21.33
16 19 41 12 16 35 41 37 16 16.67 41 14.67
17 9 42 9 17 35 42 37 17 13.67 42 14.67
18 8 43 10 18 37 43 36 18 15.00 43 23.00
19 10 44 16 19 33 44 35 19 19.33 44 16.00
20 9 45 14 20 39 45 40 20 19.67 45 21.67
21 9 46 16 21 40 46 38 21 10.33 46 25.33
22 9 47 16 22 41 47 36 22 24.67 47 13.00
23 9 48 14 23 33 48 36 23 12.67 48 17.00
24 10 49 14 24 34 49 34 24 10.67 49 16.67
25 7 50 13 25 36 50 36 25 16.00 50 17.00

* No. of days after February 19 to burst the first spathe.
** Mean of seasons, 2005, 2006 and 2007.



Table 2. Morphological spathe characteristics of date palm males.

Spathe weight (kg) Spathe length (cm) Spathe width (cm)

Male No. Mean* Male No. Mean* Male No. Mean* Male No. Mean* Male No. Mean* Male No. Mean*

1 1.80 26 1.34 1 55.95 26 63.33 1 13.39 26 11.33
2 2.68 27 207 2 60.48 27 61.60 2 16.72 27 15.55
3 1.24 28 .77 3 74.58 28 5745 3 13.75 28 13.07
4 2.37 29 236 4 79.26 29 71.16 4 16.00 29 18.88
5 1.37 30 125 5 40.62 30 51.17 5 14.55 30 13.91
6 2.16 31 227 6 71.65 31 63.97 6 13.90 31 15.77
7 1.23 32 1.73 7 55.29 32 65.05 7 12.55 32 13.43
8 2.21 33 1.37 8 56.84 33 67.83 8 17.55 33 12.25
9 241 34 192 9 84.35 34 70.33 9 13.46 34 14.47
10 2.26 35 255 10 58.68 35 59.99 10 16.89 35 18.07
11 1.56 36 1.59 11 71.37 36 59.02 11 12.92 36 13.67
12 2.37 37 .72 12 67.98 37 59.55 12 15.87 37 14.33
13 1.50 38 1.73 13 54.22 38 5344 13 13.78 38 14.86
14 1.66 39 228 14 57.52 39 60.99 14 13.22 39 16.98
15 1.73 40 1.92 15 53.11 40 4772 15 12.44 40 19.05
16 1.40 41 146 16 63.95 41 63.53 16 12.78 41 13.30
17 2.01 42 239 17 63.95 42 67.78 17 13.20 42 15.70
18 1.45 43 2.09 18 51.33 43 67.40 18 14.00 43 16.27
19 1.86 44 2.19 19 61.11 44 58.28 19 15.11 44 19.51
20 1.90 45 1.32 20 69.78 45 40.26 20 13.06 45 14.01
21 1.13 46 223 21 64.75 46 70.35 21 11.50 46 16.97
22 1.42 47 1.06 22 69.99 47 51.54 22 12.45 47 11.46
23 1.60 48 219 23 90.07 48 69.22 23 12.68 48 17.89
24 1.47 49 1.47 24 70.42 49 67.39 24 12.16 49 13.00
25 2.15 50 1.99 25 74.35 50 75.06 25 14.81 50 14.39

SL

* Mean of seasons 2005, 2006 and 2007.
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Table 3. Strand characteristics of date palm males.

Strands number/ inflorescence Strand length (cm) Flowers number/ strand
Male No. Mean* Male No. Mean* Male No. Mean* Male No. Mean* Male No. Mean* Male No. Mean*
1 239.11 26 231.24 1 18.45 26 2138 1 61.67 26 60.00
2 321.50 27 186.59 2 22.30 27 20.17 2 67.67 27 62.00
3 190.61 28 191.19 3 30.79 28 18.67 3 53.67 28 80.33
4 219.01 29 283.63 4 34.30 29 2642 4 61.33 29 84.67
5 205.86 30 171.64 5 13.59 30 2274 5 56.00 30 59.00
6 213.66 31 289.40 6 28.69 31 20.66 6 40.33 31 86.00
7 182.30 32 229.67 7 20.14 32 2227 7 66.67 32 67.00
8 278.65 33 207.89 8 18.47 33 2744 8 68.33 33 75.67
9 412.58 34 409.55 9 27.47 34 1854 9 76.33 34 55.33
10 249.48 35 227.22 10 24.40 35 18.64 10 86.67 35 72.67
11 258.06 36 313.94 11 14.51 36 1732 11 81.33 36 68.33
12 303.18 37 286.58 12 12.67 37 1478 12 71.67 37 63.00
13 324.27 38 229.38 13 20.27 38 13.31 13 81.67 38 81.33
14 279.97 39 410.00 14 21.03 39 22.82 14 89.67 39 61.00
15 181.40 40 238.70 15 19.33 40 17.14 15 75.67 40 104.00
16 197.39 41 277.10 16 31.81 41 17.60 16 67.33 41 69.00
17 373.12 42 368.89 17 20.60 42 1896 17 79.33 42 81.00
18 230.91 43 353.27 18 22.40 43 33.40 18 85.33 43 91.00
19 169.42 44 257.68 19 23.56 44 2152 19 69.33 44 96.33
20 347.54 45 114.33 20 27.63 45 28.17 20 83.33 45 73.67
21 312.23 46 299.51 21 19.83 46 19.03 21 43.67 46 77.33
22 191.89 47 282.74 22 27.88 47 17.27 22 72.67 47 54.33
23 204.84 48 223.64 23 23.85 48 23.10 23 81.00 48 89.33
24 204.26 49 258.99 24 20.56 49 2320 24 53.33 49 85.67
25 211.62 50 262.76 25 21.84 50 19.79 25 86.33 50 70.33

* Mean of seasons, 2005, 2006 and 2007.



Table 4. Pollen grains characteristics of date palm males.

Pollen grains weight (gm) Pollen grains viability (%)
Male No. Mean* Male No. Mean* Male No. Mean* Male No. Mean*
1 105.80 26 424.12 1 91.34 26 89.72
2 1350.41 27 499.51 2 9475 27 91.25
3 566.99 28 46.09 3 95.64 28 88.32
4 420.02 29 1454.09 4 94.56 29 91.79
5 593.87 30 181.81 5 93.18 30 90.94
6 231.08 31 35392 6 88.49 31 89.52
7 471.25 32 714.02 7 86.88 32 88.30
8 884.88 33 51.73 8 9340 33 74.72
9 382.85 34 726.30 9 9322 34 94.09
10 1487.08 35 35.79 10 92.00 35 84.88
11 32.46 36 2426 11 87.25 36 93.01
12 924.89 37 406.85 12 93.14 37 79.89
13 318.03 38 1180.72 13 67.59 38 90.56
14 48.18 39 31.06 14 92.48 39 90.59
15 66.05 40 1568.81 15 9331 40 89.26
16 380.16 41 375.30 16 88.50 41 89.61
17 2595 42 80.37 17 91.27 42 90.68
18 447.01 43 710.22 18 93.59 43 79.48
19 43431 44 617.18 19 89.24 44 82.77
20 63.64 45 759.89 20 78.40 45 89.86
21 404.82 46 1530.14 21 89.95 46 93.36
22 478.41 47 225.58 22 94.55 47 90.40
23 105.53 48 731.34 23 89.47 48 90.95
24 30.90 49 209.61 24 88.59 49 90.09
25 625.44 50 293.09 25 91.51 50 86.89

* Mean of seasons, 2005, 2006 and 2007.



Table 5. Total scores estimated for the fifty chosen palm males (Mean of seasons, 2005,
2006 and 2007).

Spathe burst Pollen grains
Male spaglg's/%falm ﬂowlggs: /:t£ and Beginning Duration Weight Viability ;fccz)t;lel
No. (5) (10) (days) (days) (g) (%) (100)
3) 2) (30) (50)

1 1 3 1 2 2 40 49
2 4 4 0 1 26 45 80*
3 3 2 0 1 11 47 64
4 2 3 1 0 8 45 59
5 2 3 1 1 11 43 61
6 2 0 3 1 4 35 45
7 1 4 2 1 9 32 49
8 2 4 0 1 17 43 67
9 1 6 1 1 7 43 59
10 5 7 0 1 28 41 82%
11 1 6 1 2 0 33 43
12 2 5 1 2 17 43 70
13 2 7 2 2 6 0 19
14 2 8 3 1 0 41 55
15 2 6 1 2 1 43 55
16 2 4 3 1 7 35 52
17 1 6 1 1 0 39 48
18 1 7 1 1 8 43 61
19 2 5 1 1 8 36 53
20 2 7 1 1 1 18 30
21 0 1 1 2 7 37 48
22 3 5 1 2 9 45 65
23 1 6 1 1 2 36 47
24 0 2 1 1 0 35 39
25 2 7 1 1 12 40 63

* Selected palm males.
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Table 6. Total scores estimated for the fifty chosen palm males (Mean of seasons, 2005,

2006 and 2007).
Spathe burst Pollen grains
Male spaglg's/%falm ﬂowlggs: /§t£ and Beginning Duration Weight Viability ;fccz)t;lel
No. (5) (10) (days) (days) () (%) (100)
3) 2) (30) (30)

26 1 3 1 1 8 37 51
27 3 3 1 2 9 39 57
28 2 6 2 1 0 35 46
29 3 7 1 1 28 40 80*
30 2 3 2 2 3 39 51
31 2 7 1 2 6 37 55
32 2 4 2 1 13 35 57
33 1 6 2 1 0 12 22
37 2 2 1 1 14 44 64
35 0 5 2 2 0 29 38
36 1 4 2 1 0 42 50
37 0 4 2 1 7 21 35
38 3 6 2 2 22 38 73
39 1 3 2 2 0 38 46
40 3 0 2 1 30 36 82*
41 1 4 2 1 7 37 52
42 1 6 1 1 1 38 48
43 3 8 1 1 13 20 46
44 1 9 2 1 12 25 50
45 3 5 2 2 14 37 63
46 3 6 2 1 29 43 84
47 1 2 2 1 4 38 48
48 2 8 2 1 14 39 66
49 2 7 2 1 4 38 54
50 2 5 2 1 5 32 47

* Selected palm males.
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Abstract

Nigeria is a country with diverse landscapes and climatic conditions that
result in a corresponding high diversity of biological niches harbouring many plant
species. The country is equally endowed with several ecological zones, having on its
far south mangrove/swamp while the far north is defined by its almost desert-like
climate. Most of the states in this axis are Jigawa, Bornu, Kebbi, Yobe, Sokoto,
Katsina and Zamfara. The vegetation cover of these areas is mostly Sudan savannah
and Sahel savannah and the desert encroachment in these front line states is so fast
and growing at an alarming rate. The resultant effect of this has been mass
displacement of inhabitants, farms and their animals thus inflicting hardship and
poverty. Meanwhile, studies have shown that few tree crops do relatively well in
these areas and one of them identified is Phoenix dactylifera (date palm). Date palm
has high nutritive and commercial value and plays an important role in the ecology
of various desert and semi-desert environments as well. Date palm, which is an
irreplaceable tree in irrigable desert lands, provides protection to under-crops from
the harshness of the climate (heat, wind and even cold weather), reduces damage
caused by sand storms and wind erosion. It is therefore noted with keen research
interest that despite the huge potentials of the date fruit the availability of planting
materials has been the major challenge of the cultivation and production of this very
important desert crop due to the heterozygous and dioecious nature of the plant.
The National Centre for Genetic Resources and Biotechnology (NACGRAB) - the
national focal point on genetic resources conservation and utilization - in one of her
recent germplasm exploration and collection exercises in the affected front line
states, is collecting several accessions of dates which could be subjected to in vitro
propagation techniques using shoot tips and embryos in a modified Murashige and
Skoog medium containing adenine, naphthalene acetic acid (NAA) and activated
charcoal. The generated plantlets could be subcultured into a liquid multiplication
media using the Temporary Immersion Bioreactor systems (TIBs). The resultant
products are expected to have a higher multiplication quotient than when the
conventional solid multiplication media are used, thereby increasing the availability
of planting materials for date palm estate establishment in Northern Nigeria.

INTRODUCTION

Nigeria is situated on the West African coast with a land mass of 923, 768 km®
which is characterised with diverse landscapes and climatic conditions that result in a
corresponding high diversity of biological niches harbouring many plant species. Out of
this, 600 meters of the arable landmass is lost yearly to fast desert encroachment
(www.thisdayonline.com, 26 January 2009), especially, in the northern region which is
characterised by the Sudan and Sahel savannah vegetation types, thus displacing the
inhabitants, farms and their animals and thereby inflicting hardship and poverty, and
eventual threat to the country’s food base. Recent studies have shown that few tree crops
do relatively well in these areas and one of them identified is Phoenix dactylifera (date
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palm).

Date palm, Phoenix dactylifera L. (Family: Palmaceae), is a monocotyledonous,
dioecious palm, and is considered the most important fruit tree in many Arab countries,
such as Saudi Arabia and Iraq (Badawy et al., 2005). The Date palm is a very beautiful,
elegant and tall palm. It grows slowly, about 1 foot a year to a height of 80-100 feet and
can live for more than 200 years. Only a female tree can produce dates. Usually it starts
producing fruits after 5-8 years. The date fruit consists of 70% carbohydrates (mostly
sugars), making it one of the most nourishing natural foods available to man (FAO,
2002). The flesh of dates contains 60 to 65% sugar, about 2.5% fibre, 2% protein and less
than 2% each of fat, minerals, and pectin substances. Date fruits are also a good source of
iron, potassium and calcium, with a very low sodium and fat content thus making it good
for anaemia treatment. In addition, moderate quantities of chlorine, phosphorous, copper,
magnesium, silicon and sulphur are also found in the date fruit (FAO, 2002). Seeds may
be ground for animal feed and the oil is used in soap and cosmetics. The date palm tree
leaves are used for basketry and wickerwork. The leaves may be used for making huts
while the leaves fibres may be made into nets. The trunk may be used for timber works as
well as fuel. The trimmed fruit stalks are used as brooms. They are also used for making
ropes and belts. The high tannin content of the fruit can also provide medicinal benefits to
man, like laxative food and treatment of constipation.

The selenium in date fruit helps enhance the immune system and also lowers the
risk of cancer and heart diseases. The date palm syrup and infusion is a good remedy for
cough, fever, flu and bronchial catarrh. The roots of the date palm are used to fight
toothaches. Dates are a very good food source for babies. It is an effective medicine for
diarrhoea and dysentery during teething time.

All the above enumerated minerals and benefits are the basic ingredients needed
for the physical, mental and social development of man. In terms of commerce both
national and international trade in dates are very impressive, FAOSTAT 2002, reported
that the world average export trade stands at US$ 258 million as at year 2000 with
countries in the middle east dominating the world market. In addition to the dates’ high
nutritive and commercial value it is also one of the main trees used as ornamental and in
landscaping (Badawy et al., 2005). The date palm could play an important role in the
ecology of various desert and semi-desert environments. Date palm, which is an
irreplaceable tree in irrigable desert lands, provides protection to under-crops from the
harshness of the climate (heat, wind and even cold weather), reduces damage caused by
sand storms and wind erosion.

Tissue culture is a technique mainly used for rapid propagation of several
perennial fruit trees, including date palm (Dass et al., 1989). However, adequate
availability of planting materials has been the major challenge of the cultivation and
production of this very important desert crop in Nigeria. Plant in vitro regeneration is a
biotechnological tool that offers a potential solution to this problem as it provides a means
of putting the plants on the market at lower prices.(Afolayan and Adebola, 2004).
Problems of planting materials and propagation of date palm arise from the fact that the
tree has a long life cycle (Ammar and Badeis, 1983), and that the number of offshoots
produced by them is limited to a certain period in the life of the tree (Barret, 1973). Also,
the tree is dioecious and heterozygous. Abo EI-Nil (1986) and Al-Ghamdi (1993). The
success of date palm cloning by tissue culture methods, based on organogenesis and
somatic embryogenesis, has been investigated by many workers. Organogenesis in date
palms has a low efficiency due to the low number of explants that form plantlets in vitro,
the long time required for the initiation phase, the low multiplication rate and the strong
influence of the variety (Poulain et al., 1979; Beauchesne, 1982). Somatic embryogenesis
has been obtained from shoot tips which were excised from offshoots (Tisserat, 1979,
1982; Sharma et al., 1984, 1986, 1991; Zaid and Tisserat, 1983; Mattar, 1986a; Daguin
and Letouze, 1988; Diwaker et al., 1998; Djamila and Bougedoura, 1988), with the
resulting embryo regenerating into plantlets (Bekheet et al., 2000; Badawy et al., 2005).

To meet the increasing demand for date palms, it is necessary to cornplement the
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tissue culture techniques with Temporary Immersion Bioreactor system (TIBs) to enhance
the commercial production of date palm seedlings.

Mass propagation of plants by tissue culture is labour intensive and costly; this
therefore calls for a need to advance on the technique. TIBs is the use of liquid medium
for in vitro culture and it is a relatively recent micro-propagation procedure that allows
connotation increase of multiplication and automation quotient. It is an automated micro-
propagation process through the use of bioreactors which have been designed to provide
maximum opportunities for monitoring and controlling environmental condition,
immersion time, i.e., duration or frequency, which is the most critical parameter for
system efficiency.

TIBs is comprised of two glass flasks of variable capacity, one for the growth of
the explants and another as deposit of the culture media. These flasks are connected by
silicone tubes by means of the connectors (either ‘T’, ‘L’ or straight/parallel). In the
second connector of each flask a similar tube is placed with a hydrophobic filter of
0.22 micron in the other end of these tubes, to guarantee the sterility of the air. In the
internal part of each cover two tubes are also placed to one of the connectors, one that has
as function to extract the culture media in both recipients. The means of circulation from
a flask to another dependence on the opening or closing of the electro-valves (solenoids),
which are connected to a programmable timer to regulate the frequency and the duration
of the immersion. The pressure of air is regulated by a gauge coupled to the air
compressor, and also controlling its automatic ignition.

The plants are exposed to the liquid medium intermittently rather than
continuously and as the plants are not always in contact with the medium, nutrients
absorption and growth rate are thus stimulated, therefore it has greater feasibility of
producing higher plantlets volume.

Temporary immersion systems for plant micro-propagation can be described and
grouped into 4 categories according to operation: i) establishment of the plant on a solid
medium, machines, ii) partial immersion of plant material and renewal of nutrient
medium, by gradual reduction of the agar concentration, iii) partial immersion on a liquid
nutrient renewal mechanism, iv) complete immersion by pneumatic driven transfer of
liquid medium and without nutrient medium renewal. It has also frequently been
considered an ideal technique for mass production as it reduces production costs,
followed by a reduction in shelving area requirement and the number of containers used;
manual labour and facilitates changing the medium composition. Complete atmosphere
renovation inside the recipient at regular intervals, which means there is no large
accumulation of gases like ethylene. Agitation due to air flow during the immersion phase
causes scattering of vegetative tissues.

Plant material propagated by temporary immersion performs better during the
acclimatization phase than material obtained on semi-solid or liquid media.
Hyperhydricity, which seriously affects cultures in liquid medium, is eliminated with
these culture systems or controlled by adjusting the immersion times, quite little
immersion time, in which most of the tissues are covered with a film of media.

Figures 1-5: TIBs shelve, showing the principal components, timers, bottles, and
solenoids valves.

Thus, the aim of this study is to investigate how to complement the tissue culture
techniques with the TIBs for commercial production of date palms seedlings for possible
establishment of its estates in the front line states through participatory approach with the
farmers and the communities.

MATERIALS AND METHODS

This study will be conducted at the Tissue Culture Lab of the National Centre for
Genetic Resources and Biotechnology (NACGRAB) Ibadan, Nigeria. It will involve the
collection of offshoots of date palm from across its geographic range.

83



Plant Material

Two-year-old offshoots of Phoenix dactylifera will be carefully separated from
their mother plants (female date palm) when they will be 60-80 cm tall, with 8-12 leaves
and used as a source of explants. The shoot tip and axillary bud will be the explants to be
used.

Preparation of Explants

1. Sterilization and Culturing of Explants. In the laboratory, offshoot leaves will be
removed acropetally till the tender portion will be reached. It will be further trimmed to
completely remove the woody tissues and keep the succulent shoot-tip intact. The tips
obtained will be kept in an anti-oxidant solution .The date palm shoot tips (1-2 cm long,
with a diameter of approximately 0.5-1.0 cm), including the apical meristem will be
excised and cut into 4. The explants (the tips and axillary buds) will be washed with
liquid detergent under running tap water, and then it will be surface sterilized by
immersing in 70% ethanol for 5 min and in a solution of sodium hypochlorite (20% V/V)
containing few drops of Tween 20 for 20 min. This will be followed with rinsing thrice in
sterile distilled water. Then, using a simple microscope under a lamina flow hood, the
young leaflets and part of the core’s tissue will be removed gradually till reaching the top
bud and will be inoculated on a Murashige and Skoog (1962) medium (MS).

Culture Media

The initiation media consist of MS medium containing 100 mg/L 2, 4-D + 3 mg/L
2ip. The pH of the medium will be adjusted to 5.7 before the addition of agar. The culture
medium will be distributed into culture jars (150 ml), each containing 25 ml of the
prepared medium. The jars will be covered and autoclaved at121°C under a pressure of
0.15 psi for 20 min. The shoot tips and axillary buds (explants) will be inoculated for a
period of 18 weeks to obtain callus formation, as reported by (Badawy et al., 2005). The
callus obtained will be transferred into a medium without hormones and activated
charcoal to enhance embryo production and development. Tisserat (1979), using sucrose
concentration of 30 g/L, and incubating the explants on the culture medium for 24 weeks
for the formation of somatic embryo and subsequently plantlets regeneration from the
embryogenic callus (Bekheet et al., 2000). These developed shoot and buds will then be
transferred into TIBs in a liquid medium under a control condition for further
multiplication.

The shoots will be regenerated and rooted on a cultured medium containing 40 g
sucrose/L, 9 g/L charcoal (AC) and 1.5 mg/L of NAA for a period of 18 weeks. The
rooting of date palm was favourably influenced by the presence of activated charcoal with
an increase in the number of roots and root length.

Acclimatization and Establishment.

The rooted plantlets will be acclimatized under greenhouse conditions. The
plantlets will be rinsed in water to remove the adhering agar. These will be planted in
prepared moist soil medium consisting of sterile peat and vermiculite mixture in small
perforated polythene bags. These will be transferred to the humidity chamber for
hardening. The hardened plants will be transferred to the nursery for some weeks before
establishment on the field.

Expected Results and Conclusion

Availability of planting materials is usually faced by the farmers in the adjoining
communities in the front line states.

The farmers will also be trained in the seedlings handling, plantation
establishment, sustainable fruits harvesting and marketing thereby addressing both the
desertification menace and poverty alleviation
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Fig. 1. Fig. 2.

Fig.3

Figs. 1-3. Growing plantlets submerged in liquid medium.
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Fig. 5.
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Fig. 6. Fig. 7.

Figs. 4-7. Growing plantlets submerged in liquid medium.
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Abstract

In its strategy of intensifying and extending date palm cultivation, Morocco
has succeeded to select and micro-propagate new date palm genotypes known by
their high fruit quality and Bayoud disease resistance. ‘Najda’ (INRA-3014) is one of
these highly interesting selected genotypes that were distributed as vitroplants to
farmers. However, as a newly introduced cultivar, most growers still lack suitable
agricultural techniques for its cultivation. The determination of 1) the period at
which the female flowers of ‘Najda’ date palm remain receptive for pollination and
2) the most suitable pollinator to induce a metaxenia effect is very important to date
palm growers. For this objective, six ‘Najda’ palm trees, 15 years old and grown in
the same environment of the Zagora Date Palm Experimental Station, were
carefully chosen and used to study the effects of 3 polliniser cultivars including: the
Moroccan selected males ‘NP3’ and ‘NP4’, and a normal male usually used by local
growers. Another six palm trees were used for the study of the effect of pollination
time and were therefore pollinated at 1, 7, 10 and 15 days from female spathe
opening. Both experiments were established in a completely randomized block
design. Obtained results showed that pollination by ‘NP3’ or ‘NP4’ pollen enhanced
fruit maturity by 10 days, and significantly improved fruit length by 1 cm, fruit
width by 3 mm and fruit weight by 35% compared to the control. Furthermore,
pollinating ‘Najda’ flowers between the 7™ and the 10" day after spathe opening
induced significant increase in the mean fruit set by 70% while the mean fruit
weight remained acceptable (13,14 g). Pollinating earlier or after this period,
significantly reduced fruit set which in turn resulted in somewhat higher fruit
characteristics. Based on these results, it seems reasonable to conclude that the
‘Najda’ cultlvar should be pollinated using ‘NP3’ or ‘NP4’ pollen, particularly
between the 7" and the 10™ day after spathe opening.

INTRODUCTION

Date palm pollination plays a key role on the quantity and quality of the produced
dates, and therefore its control is of paramount importance. To achieve adequate
pollination. some main conditions must be considered. such as:

a) The knowledge of the period of female flowers receptivity to pollen grains. The
duration of this period varies with cultivars. so that pollination outside this period will
not lead to fertilization and consequently results in heavy drop of unfertilized fruits.
The period of receptivity generally reaches its optimum at 3 to 4 days from female
spathe opening. and mav extend up to 13 davs depending on the varieties and the
climatic conditions (Zaid and Arias. 2002: Sedra. 2003). After the spathe opening,
inflorescences are first white-cream (stage 1). and due to their gradual exposure to
sunlight, thev turn to a vellow-cream color (stage 2). and finally to a green color (stage
3). In Morocco. growers usually pollinate the maijority of their varieties in stage 2 that
is during the week following the opening of the spathe. Some varieties such as
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‘Bousekri’ and ‘Aguellid’ do not pollinate until the 3™ stage. which usually begins 10
to 12 davs after the opening of the spathes. Varieties pollinated at the 1* stage (during
the first day after the opening of the spathe). are rare.

b) The use of pollen from a male palm with important characteristics such as the
production of the necessary quantity of pollen grains with high fertilization ability and
having metaxenic/xenic effects on fruit quality and maturity. This phenomenon of
metaxenia has been defined by Swingle (1928), as the effect of pollen on the
morphological and physiological characteristics of fruit tissues and seed. Studying
these effects in the date palm. Nixon (1955). has selected a group of male palms trees.
among which two palms showed extreme metaxenic/xenic effects: ‘Fard No.4’. which
induces a remarkable precocity associated with a relatively small fruit size, and
‘Mosque’ which. on the contrary. produces large fruits but with late maturity.

The time of floral receptivity and the source of the pollen grains are important
factors to consider when choosing a combination of varieties for the creation of a new
date palm plantation. These factors are also to be considered during anv introduction of
new cultivars. in order to prevent a future improper pollination technique that will result
in excessive unfertilized fruits drop and consequently low vields.

This is the case of Morocco that has succeeded to select and micro-propagate new
date palm genotypes known by their high fruit quality and resistance to Bavoud disease
(Fusarium Oxvsporum albedinis). ‘Naida’ is one of these highly interesting genotypes
that was distributed as vitroplants to farmers (Sedra, 1993: Zirari, 1998; Zirari and
Outlioua, 2003). As a newly introduced cultivar, most growers have not vet mastered its
pollination requirements. The present investigation was carried out to solve this situation
and aims therefore to determine:

1) The period at which ‘Najda’ female flowers remain receptive for pollination.

2) A suitable pollinator to induce a metaxenia/xenia effect on ‘Najda’ fruits.

MATERIALS AND METHODS

The present investigation was carried out at the INRA Date Palm Experimental
Station in Zagora, located in the Draa Valley in the South East of Morocco. Twelve
‘Naida’ palm trees. 15 vears old, were carefully selected and all their spathes were bagged
using kraft paper bags until their use for the experiment. All the selected palm trees
undergo the same cultivation practices applied in the Experimental Station. Because of
the unavailability of a sufficient number of palm trees with sufficient number of
inflorescences, we were obliged to undertake this field experiment in two separate trials.

Trial No. 1: On the Effect of Pollen Source
Six ‘Naida’ palm trees were used in this trial and their inflorescences were
pollinated as follows:
® 2 inflorescences per palm tree were pollinated with pollen from the selected male palm
‘NP3’.

® 2 inflorescences per palm tree were pollinated with pollen from the selected male palm
‘NP4’

® 2 inflorescences per palm tree were pollinated with a pollen generally used by farmers
of the region (Control).

All inflorescences were pollinated at the intermediate stage 2 that is a week after
the opening of spathes. With the 3 above treatments, the trial was established in a
Randomized Complete Block Design containing 3 blocks (two palm trees each) and 2
individuals (inflorescences) per experimental unit.

Dates were harvested at 4 successive periods: 1%, 10™, 20" and 30™ of September,
as well as the 10™ of October of the season. Measured observations concerned the
percentage of mature dates in each stalk as well as the length, width and the weight of the
fruit. Averages of these parameters were calculated from data of random samples of 100
dates.
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Trial No. 2: On the Effect of Time of Pollination

Six ‘Najda’ palm trees were used in this trial and their inflorescences were
pollinated as follows:

* 2 inflorescences per palm tree were pollinated at the 1* day after the spathe opening
(stage 1).

* 2 inflorescences per palm tree were pollinated at the 7" day after the spathe opening

® (stage 2).

* 2 inflorescences per palm tree were pollinated at the 10™ day after the spathe opening
(stage 3).

* 2 inflorescences per palm tree were pollinated at the 15" day after the spathe opening
(stage 4).

Pollen from ‘NP3’ selected male palm was used in this trial. With the 4 above
treatments, the trial was established in a Randomized Complete Block Design containing
3 blocks (2 palm trees each) and 2 individuals gnﬂorescences) per experimental unit.
Fruit harvesting was performed on September 20" of the season. Collected observations
concerned the mean percentage of fruit set and the average fruit weight, calculated from
data of random samples of 100 dates.

Statistical data analysis of both trials was performed using the ANOVA test at 5%,
while the means comparison was performed using Fisher’s least significant difference at
5%.

RESULTS

The present field investigation showed that both pollen source and time of
pollination significantly affected the maturity, the dimensions (length and width), and the
weight of the produced dates.

Effect of Pollen Source

By using the control pollen the percentages of mature dates from each of the five
harvests times (1%, 10", 20™, 30" of September and 10™ October) were always lower than
those obtained with ‘NP3’ or ‘NP4’ pollen, and that no significant differences were
obtained between these two pollens (Fig. 1). Stalk pollinated w1th ‘NP3’ or ‘NP4’ pollen,
reached full maturity (more than 80% of mature dates) by 20™ of September, whereas
those pollinated by control pollen have reached this stage after 30" September, that is 10
days later.

The differences obtained at the stalk full maturity were followed by significant
differences in the mean sizes and weights of the produced dates. Analysis of Table 1
shows that the lowest fruit dimensions were obtained when pollination was performed
with the control pollen. With inflorescences pollinated using ‘NP3’ or ‘NP4’ pollen, the
average length and width of the produced dates were higher by more than 1 cm and 3 mm
respectively, than the control. However, no significant differences were observed between
these two types of pollen; ‘NP3’ and ‘NP4’.

Parallel to the obtained improvement in fruits dimensions, there was also a marked
increase in the average weight and average flesh/seed ratios of the produced dates. Figure
2 shows that by using the control pollen, the average weight and average flesh/seed ratios
were always lower than those obtained when pollination was performed with ‘NP3’ or
‘NP4’ pollen, and that no significant differences were obtained between these two pollen
types. By using ‘NP3’ or ‘NP4’ pollen, we could harvest dates over 16 g of average
weight, that is an increase in fruit weight of about 35% compared to the control. In
addition, dates from pollination with ‘NP3’ or ‘NP4’ pollen got flesh/seed ratios between
14 and 16, which is an improvement of about 28% compared to the control.

Effect of Time of Pollination

The analysis of Table 2 shows that the fruit set percentages and the average
weights of produced dates vary depending on the time of pollination. The highest fruit set
percentages, 70.27 and 69.23%, were obtained when pollination was performed at the 7'
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and 10" day after the spathes opening respectively. Concerning the average fruit weight,
the greatest values, 14.18 and 14.34 g, were obtained when pollination was performed at
the 10™ and 15™ day after spathes opening respectively.

DISCUSSION

The present investigation clearly demonstrated that a significant improvement in
dates maturity and size can be achieved through the control of the pollination technique.
Our results showed that the maturity and size of ‘Najda’ date palm cultivar fruits can be
significantly improved through the use, at pollination time, of pollen from ‘NP3’ or ‘NP4’
selected male palms. Stalks pollinated using these pollens, reached 100% maturity 10
days earlier than those pollinated by the control pollen. Average length and width of the
produced dates increased by more than 1 cm and 3 mm respectively, while their average
weight increased by more than 35% and their flesh/seed ratio increased by almost 28%.
Dates harvested from stalks pollinated with ‘NP3’ or ‘NP4’ pollen were clearly larger and
fleshier than those from the control. Such results are comparable to those reported by
Nixon (1955), Peracau-Leroy (1958) and Sedra and Zirari (1998).

The present results also showed that the dates size of ‘Najda’ date palm can be
significantly improved if inflorescences are pollinated at the 7™ and the 10™ day after
spathes opening. Inflorescences pollinated 7 days after the spathe opening resulted in
higher rate of fruit set (over 70%) but with relatively lower fruit weights, whereas those
pollinated on the 10" day after spathes opening has resulted in greater average fruit
weight (over 14 g) however with lower fruit set. These results confirm the fact that good
fruit set often results in lower fruit weight, while a low fruit set would generally lead to
better fruit weight. Consequently, it became necessary to find a reasonable balance
between the fruit set and the average weight of produced dates. To this end, it seems
reasonable to conclude that for the Moroccan ‘Najda’ date palm cultivar, the best results
for both fruit set percentage and average weight/size of E)roduced dates can be obtained
when pollination is performed between the 7™ and the 10" day after spathe opening. Such
outcomes on ‘Najda’ cultivar are similar to those obtained by Chafik (1985) on the
‘Mejhoul’, ‘Tademmamt’ and ‘Aguellid’ varieties.
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Tables

Table 1. Average length and width of produced dates according to the pollen source.
Values of the same column followed by different letters are significantly different
(LSD at 5%).

Mean fruit length Mean fruit
Pollen source

(cm) width (cm)
Control 341 a 229a
NP3 432Db 2,55b
NP4 442 b 2,68 b

Table 2. Fruit set and average fruit weight depending on time of pollination. Values of the
same column followed by different letters are significantly different (LSD at 5%).

Pollination time Fruit set Mean fruit weight
(days after spathe opening) (%) (g)

1 49,32 a 12,81 a

7 70,27 b 12,11b

10 69,23 b 14,18 ¢

15 39,60 ¢ 14,34 ¢
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Abstract

According to the WHO, 1990 report, 25 million cases of acute occupational
pesticides poisoning happen in developing countries each year. The environmental
hazards resulting from half a century's intensive use of synthetic organic crop
protection agents makes it imperative to consider alternative or complementary
approaches to sustainable agricultural development and integrated pest
management.

Date palm, Phoenix dactylifera L., is one of the oldest fruit trees in the world
and is mentioned 20 times in the Quran and several times in the Bible. The number
of the date palms is about 100 million worldwide, of which 62 million palms can be
found in the Arab world. The aim of this study was to identify and evaluate suitable
and new plant extracts with eco-friendly activities against endoparasitic Larval Red
Palm Weevil, Rhynchophorus ferrugineus Oliver, found in date palm trees (Phoenix
dactylifera L). These weevils are so effective that even a single pest if present
destroys the tissues of the trunk of the tree, resulting therein the falling of the palm
tree. Biopesticides of plant origin could be the key to the future. Biopesticides, as
aware, are an important group of pesticides that can reduce pesticide risks having a
narrow target range and a very specific mode of action it suppresses, rather than
eliminates, a pest population.

Biopesticides are inherently less harmful than conventional pesticides.
Biopesticides are designed to affect only one specific pest or, in some cases, a few
target organisms, in contrast to broad spectrum, conventional pesticides that may
affect organisms as different as birds, insects and mammals. Biopesticides often are
effective in very small quantities and often decompose quickly, thereby resulting in
lower exposures and largely avoiding the pollution problems caused by conventional
pesticides. When used as a component of Integrated Pest Management (IPM)
programs, biopesticides can greatly decrease the use of conventional pesticides,
while crop yields remain high. Biopesticides play an important role in providing pest
management tools in areas where pesticide resistance and environmental concerns
limit the use of chemical pesticide products. Keeping in view the above fact
ZCHRTM worked on a Biopesticide Management Program.

INTRODUCTION

The date palm is believed to have originated in the lands around the Persian Gulf
and in ancient times was especially abundant between the Nile and Euphrates rivers. The
date has been traditionally a staple food in Algeria, Morocco, Tunisia, Egypt, the Sudan,
Arabia and Iran. The founder of the UAE attached a great importance to agricultural
development in general, and to the date palm in particular. This attention is clearly
evident in the fast growth in the number of palm trees in the continued increase in the size
and variety of date products, in the extensive use of modern technologies, and in the
important initiatives undertaken in the areas of manufacturing and marketing of date fruit.
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Over and above it is one of the 20 plants and vegetables discussed in Holy Quran. The
plants mentioned in the Holy Quran have special significance not only because of their
properties and uses but also on account of their relevance to the events and happenings
associated with them.

Quranic Name : Al Nakhl; Al-Nakhil
Botanical Name : Phoenix dactylifera Linn. (Family Arecaceae)
Common Name : date palm

Quranic References

SURA 1I (Baqara the Heifer). V:266

SURA VI (Anam-cattle). V:99

SURA VI (Anam-cattle). V:141

SURA XIII (Raad-Thunder). V:4

SURA XVI (Nahl-The Bee). V:11

SURA XVI (Nahl-The Bee). V:67

SURA XVII (Bani Israel-The children of Israel) V:91
SURA XVIII (Kahf-the cave) V.32

SURA XIX (Maryam-Mary). V:23

10. SURA XIX (Maryam-Mary). V:25

11. SURA XX (Tatta-Mystic Letter, T.H) V:71
12. SURA XXIII (Mu-min-The Beleivers). V:19
13. SURA XXVI (Shu araa-The Poets). V:148

14. SURA XXXVI (Yasin-The abbreviated letters). V:10
15. SURA L (Qaf-Abbreviated letters). V:34

16. SURA LIV (Qamar-The Moon). V:20

17. SURA LV (Rahman-God most gracious) V:11
18. SURA LV (Rahman-God most gracious) V:68
19. SURA LXIX (Haqqa-The sure reality). V:7
20. SURA LXXX (Abasa-He frowned). V:29

LRI NR WD —

Medicinal Uses

Besides its food value, the fruit, because of its tannin content, is used medicinally
as a detersive and astringent in intestinal troubles. In the form of an infusion, decoction,
syrup or paste, is administered as a treatment for sore throat, colds, bronchial catarrh. It is
taken to relieve fever, cystitis, gonorrhea, edema, liver and abdominal troubles. And it is
said to counteract alcohol intoxication. The seed powder is an ingredient in a paste given
to relieve ague. A gum that exudes from the wounded trunk is employed in India for
treating diarrhea and genito-urinary ailments. It is diuretic and demulcent. The roots are
used against toothache.

Red Palm Weevil

The red palm weevil (RPW), Rhynchophorus ferrugineus Oliv., also called the
Indian palm weevil, is well known in the Middle East where it causes severe damage on
date palms (Table 1). The RPW was first noted in the Arabian Peninsula in the mid 1980s
and in Egypt in 1992. The weevil was first observed in Ras El Khaima, United Arab
Emirates in 1985. Approximately, 5 to 6% of palms in the Middle East region are infested
with the RPW with an annual rate of infection of about 1.9 (Table 2).

The rate of infestation is about 2.02 (1300 x° = 44000) and about 1.70 (1000 x° =
120,000) for the United Arab Emirates (UAE) and the Kingdom of Saudi Arabia (KSA),
respectively. The average rate of annual infestations could be 1.9. (Infestation year
n=infestation year (n-1) x 1.9). The RPW was wrongly classified as a coconut pest.
Indeed, as early as 1970, the RPW was found in India attacking date palms (Khawaja and
Akmal, 1971). The first warning came from Dr. Djerbi (1983) who was the first to realize
the danger and to invite date growing countries to conduct studies on the biology of this
pest, and on appropriate control measures. According to Dr. Oehlschlager (1998), there
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are five species of palm weevils in the genus Rhynchophorus that are economically
damaging to palms (Table 3). Up to December 1998, the following countries are officially
declared as having the RPW infestation: Australia, Burma, China, Egypt, India,
Indonesia, Iran, Iraq, Malaysia, Pakistan, Papua New Guinea, Philippines, Saudi Arabia,
Sri Lanka, Taiwan, Thailand, Tanzania, UAE and Vietnam. According to Prof. Zaid
(1999), three more countries are added to the above mentioned list (Jordan, Israel and
Palestine): On April 21,1999, Prof. Zaid identified by e-mail scanning, the photo of the
first red palm weevil found in Jericho (Palestine). On May 6, the weevil was found in
Jordan (in Shunae), a few kilometres north-east of Jericho. On May 14, another weevil
was found in Israel, along the Jordanian border at Moshav Yafit (15 km north of Jericho).

The red palm weevil is one of the most destructive and dangerous pests for date
palm in Asia and the Middle East. It has caused mass destruction in palm-tree plantations
in Egypt and the Gulf countries. It also attacks coconut trees, sugar cane, and various
ornamental trees. The red palm weevils are large insects (greater than 25 mm long). They
are found over a very wide geographical area involving different climates. This pest lays
its eggs on the bark of the palm tree; the grubs eventually hatch, drill into the trunk and
eat the entire inside of the tree. Under heavy attack, the tree weakens and inevitably dies.
The weevils are attracted to dying or damaged parts of palms, but also attack undamaged
palms. The damage is caused by the larvae that bore through the soft tissue such as the
tree crown, the upper part of the trunk and at the base of the petioles. On average, females
lay 260 eggs which take 3 days to hatch. The larval period takes two months and the
pupal period, three weeks. These figures vary across different regions. The females use
the rostrum to bore into the plant tissue to form a whole in which they lay their eggs. This
occurs most frequently in crowns which have been damaged.

Normally, the Red Palm Weevil prefers to infest palms below the age of 20 years,
where the stem of the young palm is soft, juicy and easily penetrated. The weevils are
destructive pests to palms. The larvae are responsible for damaging the palm, and once
they have gained access, the death of the palm generally ensues. The larva normally never
comes to the surface, since it begins its life inside the palm. Therefore, neither the damage
nor the larva can be seen. However, the trunk of the palm can be infested in many parts,
including the crown. The damage caused by a few larvae of the weevil is astonishing.
Even one larva may cause considerable damage, and, sometimes the death of the palm. It
is difficult to assess the actual loss caused by this pest, but undoubtedly it affects the
production of date palms.

Control

The challenge is to detect the presence of the weevil early enough so the tree can
be saved. There are no external signs that would indicate that a tree has been infested; the
leaves remain green up to the moment the tree falls over, its insides devoured. The thumb-
sized grubs make so much noise eating that if you stand next to an infested tree you can
actually hear them munching their way through the trunk. Another sign of infestation is a
red gelatinous substance which has a putrid odor and which leaks out as the grubs feed.
But by the time the smell can be detected by humans, it is too late for the tree: it must be
cut down and burnt, otherwise the larvae will begin attacking nearby trees. In the Gulf
region agriculture experts are testing a new method of fighting the red palm weevil using
a harmless fungus: the Brazilian bioactive fungus which may be an effective deterrent
because it has the ability to destroy the pest in the larval stage.

Another method involves pheromones which attract the red weevil, then an
insecticide in a bucket attached to the trunk of the tree would kill it. But the problem is
only partially solved because the larvae continue to thrive in the trunks of the palm trees
and emerge as fully-grown insects. Another strategy involves collecting mature weevils
and injecting them with a poison which prevents them from reproducing and results in the
death of any female they mate with. They are being implemented in UAE and Saudi
Arabia. The Ministry of Agriculture and Fisheries of UAE has introduced Acecap
capsules in its Integrated Pest Management (IPM) to fight the red palm weevil. The
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Acecap capsules are introduced in small holes in the trunk. The larvae are killed by the
active components of the capsule that are absorbed through the trunk (each Acecap
capsule contains 875 milligram of active Acephate). Each tree uses between 7 to 10
capsules annually depending on the degree of infestation. A tree can be cured in two
months and will stay healthy for a year. Acecap capsules are used in Saudi Arabia,
Kuwait and Oman.

The Department of Agriculture and Fisheries of UAE set up a technical committee
to help fight the red palm weevil. Its directives include using nematodes to fight the
larvae. The nematode is injected into the trunks of infected palm trees. Once inside, they
remote-sense the weevils, penetrate into them and then release a deadly bacterium which
kills them through blood poisoning within 72 hours. To concentrate the destructive
weevils in one place and kill them, the project is using two naturally occurring substances
known as aggregation pheromones and kairomones. Pheromones are chemical
compounds produced in minute quantities by male weevils which cause them to gather in
a hotspot. Kairomones are compounds emanating in tiny quantities from the fresh scars of
trees that have been recently pruned. These two compounds are used to lure, trap and kill
the weevils in mass quantities. But first the team has to locate the infected palm groves.
By using satellite remote sensing and imaging technology they aim to build up a
comprehensive picture of the weevils’ geographical distribution across Saudi Arabia.
Once a weevil infestation is located from the air through color changes, the priority is to
eradicate the focus and prevent the pest from spreading to healthy plantations.

The environmental hazards resulting from half a century’s intensive use of
synthetic organic crop protection agents makes it imperative to consider alternative or
complementary approaches to sustainable agricultural development and integrated pest
management. Biopesticides of plant origin could be the key to the future. Indeed, in the
past thirty years, advances in analytical chemistry and molecular biology have led to a
better understanding of the interactions between plants and pests, and the communication
mechanisms between organisms.

Biopesticides

Biopesticides are inherently less harmful than conventional pesticides.
Biopesticides are designed to affect only one specific pest or, in some cases, a few target
organisms, in contrast to broad spectrum, conventional pesticides that may affect
organisms as different as birds, insects, and mammals. Biopesticides often are effective in
very small quantities and often decompose quickly, thereby resulting in lower exposures
and largely avoiding the pollution problems caused by conventional pesticides.

When used as a component of Integrated Pest Management (IPM) programs,
biopesticides can greatly decrease the use of conventional pesticides, while crop yields
remain high. To use biopesticides effectively, however, users need to know a great deal
about managing pests.

Generally, all biopesticides exhibit the following characteristics: narrow target
range, highly specific mode of action, suppress pests, do not eliminate, critical timing of
application, limited field persistence, short residual effect, safer to environment and safer
to people. Their use is best as part of an Integrated Management Program (IPM).

MATERIALS AND METHODS

Azadiracta indica; leaf extract, seed kernel extract.

Annona squamosa; seed extract (Indian), seed extract (Australian).

Capsicum frutenscens; pod extract (pericarp and seeds).

The above parts of all the plants in their vegetative stage were collected from Abu
Dhabi, UAE. The specimen of the materials, as specimen Nos.435-440/ZCHRTM, are
preserved in the herbarium of the Zayed Complex for Herbal Research Centre, UAE for
record. These plant materials were dried under shade and processed using standard
methods” The water and 70% alcoholic extracts were prepared using Rotaroy Evaporator-
Buchi Rotavapor (R-153) fitted with a chiller. The powdered materials were used for
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fluorescence analysis and successive extraction using a soxlet extractor. The quality
control studies of the powdered aerial parts of all plants and their water and 70%
alcoholic extract were performed using standard procedures from different
Pharmacopoeias. To develop the thin layer chromatograms, silica gel 60F,ss precoated
glass plates (Merck, Darmastadt) were used. The TLC plates were developed in solvent
systems Benzene:Pyridine:Formic acid (36:9:5) and Toluene:Ethyl acetate (93:7),
comparative studies were made using authentic samples. The TLC plate image was
captured with the CAMAG Videostore 2 (Switzerland) under visible light. For IR
fingerprints pellets, prepared by mixing the dried raw materials/extracts with KBr in
1:100 ratio, were scanned in Perkin Elmer Paragon 1000 FT-IR spectrometer in the scan
range of 4000-400 cm™. The UV spectra were recorded on Spectronic Genesis 2
Spectrometer (Milton Roy, USA) fitted with a 8-position multi cell holder. Extraction was
performed using Dionex ASE-200 Accelerated Solvent Extractor (USA). For HPLC
studies a Waters 600E analytical HPLC attached with UV/VIS detector and controlled by
Millenium (ver. 2.15) software was used. 100 mg of 10% alcoholic extract was dissolved
in 10 ml of distilled water and centrifuged for 10 mins. The supernatant liquid was passed
through a Sepak C,s cartridge equilibrated with 5 ml of methanol and 10 ml of water. The
cartridge was eluted with two 15 ml portions of methanol. All the eluents were pooled
together, dried and re-dissolved in 10 ul of methanol. 25 pl of this solution was injected
in to the HPLC pBondapak C18 (3.9%300 mm 10 um 125°A).

Quantitative analyses of the 70% alcoholic extract for different organic
constituents were performed using modern methods. The ash of the powdered material
was quantitatively analyzed for inorganic chemical constituents using atomic absorption
spectrophotometer. For the centrifugal partition chromatography a Pharma-Tech CCC-
1000 Instrument was used. Representative morphoanatomic characteristics were assigned
by the help of a Leica Microscope equipped with a JVC color video camera connected to
a computer and printer.

Trials were conducted in vitro in the lab. Nine petridishes were taken and in each
of the petridishes 4 large uniformly sized larval Red Palm Weevils were taken along with
some plant fibers. Each petridish was numbered starting from 1 to 9. Each petridish was
poured with mixture of plant extract and water in ratio of 3 g of the plant extract to 50 ml
water. The larvae were allowed to be in the petridishes filled with trial plant extract water
for about 10 min.

Sample contents:  Sampling in petridish
Azadiracta kernel + water
Annona squamosa kernel + water
Azadiracta leaf + water
Annona kernel + Capsicum + water
Azadiracta kernel + water
Azadiracta + Annona + Capsicum + water
Dichlorves 50% E.C + water (insecticide)
Water only (control)

Each of the above mentioned plant extract and insecticide is mixed with water at
the concentration of 6% (that is 8 g in 50 ml water). If two extracts are mixed then they
are mixed 4 g each in 50 ml of water. In the last petridish water alone was kept as a
control.

RESULTS AND DISCUSSION

Observation Larvae were allowed to be in the mixture in the petridishes for about
10 min. Then the larvae were removed and were spread on bloating
papers separately to wipe out excess plant extract/insect water from
their bodies. Then they were observed for the effect of the test so on
the larval mortality and the following results were observed.
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No Plant extract Conc. Total no. of Live

Larvae
1 Azadiracta kernel + water 6% 4 2
2 Annona kernel + water 6% 4 2
3 Annona + Azadiracta + water 6% 4 0
4 Azadiracta leaf + water 6% 4 2
5 Annona + Capsicum + water 6% 4 3
6  Azadiracta kernel + Capsicum + water 6% 2 2
7  Azadiracta kernel + Annona + Capsicum + 6% 4 0
water
8  Dichlervos + water 6% 4 0
9  Water only 4 4
Inference The mixture, viz. 3-, Annona + Azadiracta + water; 7-Azadiracta +

Annona + Capsicum + water and 8-Dichlorvos + water gave 10 larval
mortality while others gave mortality in varying degree.

Result Annona squamosa and Azadiracta indica extracts with or without
Capsicum extract gave 100% mortality percentage which is also the
case of the insecticide Dichlorvos which is a organophosphoric
insecticide that can be replaced and substituted with the botanical
extracts.

Identified and evaluated suitable and new plant extracts with eco-friendly
activities against endoparasitic Larval Red Palm Weevil, Rhynchophorus Ferrugineus
Oliver were found in date Palm tree (Phoenix dactylifera L). Biopesticides of plant origin
could be the key to the future sustainable date palm production. The above two plant
extracts have been found very effective to kill the aforesaid pest insects: Azadiracta
indica (Neem) seed and seed kernel and Annona sqamosa.

The botanical extracts of Annona and Azadiracta have promising results in the
larval Red Palm Weevil i.e., the in vitro studies in the laboratory showed 100% mortality
of these larvae. In vivo studies on infected live trees are under progress to reconfirm this
and they are expected to give very encouraging results. Application of these biopesticides
will not affect the taste and behavior of the date palm fruits as it is affected by the
application of organophosphorous insecticide/pesticides earlier. Further experiments are
under progress. This programme has not only national significance but if proved
successful, would be applicable worldwide for the sustainable growth of date palm
production.
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Tables

Table 1. Distribution of red palm weevil in the Near East.

Country First recorded Area/location infested

Qatar 1985 Doha

UAE 1985 Ras El Khaima

Saudi Arabia 1987 Katiff

Egypt 1992 Salheya, El-Tal El Keber and El-Kassasin
Kuwait 1993 Throughout

Oman 1993 Buraimi, Mahadha, Masandam Governorate

(Source FAO, 1995)

Table 2. Evolution of affected date palms.

Year Year

UAE 1990 1,300 1995 44,000
KSA 1987 Less than 1,000 1996 120,000

Table 3. Rhynchophorus species damaging palms.

Species Palm hosts Region
Rhynchophorus ferrugineus Date Middle East
Rhynchophorus vulneratus Coconut South East Asia
(Same species) Oil South East Asia
Rhynchophorus bilineatus Coconut Papua New Guinea
Rhynchophorus cruentatus Sabal Florida
Rhynchophorus phoenicis  Coconut Oil, Date Tropical Africa
Rhynchophorus palmarum Coconut Oil  Central and South America

Source: Ochlschlager, 1998
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Fig. 1. Larva in a date palm trunk
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Fig. 2. Adult Red Palm Weevil emerging from its cocoon.
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Abstract

A laboratory and field study was conducted on subsurface drip irrigation
systems. In the first laboratory study, eight subsurface drip irrigation lines,
available locally, were selected and a number of experiments were made to evaluate
lines’ hydraulic characteristics to insure their suitability for drip irrigation design
requirements with high uniformity and optimum performance, for the purpose to
select the best for field experiments. The second study involved field trials on mature
date palm trees to study the effect of a subsurface drip irrigation system on the yield
and water consumption of date palms, and to compare that with the traditional
surface drip irrigation system. Experiments were conducted in the Alwatania
Agricultural Project on 50 mature palm trees (17 years old) of the ‘Helwa’ type with
10 meters spacing between rows and between trees. A high efficiency subsurface line
(Tec line) was used based on the results of the first study. Irrigation scheduling was
made through a soil moisture sensing device to ensure enough soil water level in the
soil. The experimental layout was installed during the 2001 season and
measurements continued till the end of the 2008 season.

Results have indicated that there is an increase in the yield and a
considerable saving in water compared to the conventional drip irrigation method.
In addition there was a high increase in water use efficiency using the subsurface
system. The subsurface systems prove to be durable and highly efficient for
irrigating date palm trees.

INTRODUCTION

Agriculture is considered the biggest consumer of water resources in the world.
The consumption of water by agriculture could account for up to 90% of total annual
water consumption in some countries of the arid region like Saudi Arabia. In addition,
agriculture could be the reason for water degradation because of the absence of proper
water management, therefore, there is an urgent need for optimum use of water for
agriculture and an extra emphasis should be directed towards water management to
prevent water pollution or deterioration of water quality. In that respect, drip irrigation is
considered as one of the most important practical and effective means for irrigation water
application compared to other irrigation methods.

The drip irrigation system has proven its superiority over other irrigation systems
in increasing yield and reducing the cost of labor and energy, in addition, it improves
efficiency and reduces water losses due to evaporation and deep percolation. However,
the traditional surface drip irrigation system has some disadvantages including; possibility
of damage, exposure of pipe network to sun and the accumulation of salts. A recent better
alternative is the subsurface drip irrigation system. It represents the recent improvement
in irrigation application, as it prevents or in most cases reduces considerably the
evaporation from soil surface and the evapotranspiration is satisfied in a better way due to
upward movement of water in the root zone, also the water use efficiency becomes higher
as the water is actually added to the active roots, in addition, it prevents the growth of
weeds around the crop (Ayers et al., 1995).
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After three decades of research and development, the subsurface drip irrigation
system becomes one of the systems that is characterized by high efficiency and
productivity. Through extensive research, most of the subsurface drip irrigation system
problems were solved including; clogging of emitters by small roots, lateral installation
and fertigation. The results of many experiments have indicated a significant increase in
efficiency of water and nitrogen use that lead to a high increase in production and an
improvement in quality. The system has also contributed in limiting ground water
pollution with nitrate and salts in the long run. As the system works under the soil
surface, it was noticed that it has an advantage over the traditional surface drip system in
saving water and nutrients in addition to the control of salinity, deep percolation and
durability of the system, this may be due to the spherical soil water wetting as compared
to the half spherical in the case of the surface drip system (Phene, 1995).

Comparing the subsurface drip irrigation system with the traditional surface drip
system and the sprinkler irrigation system, results have shown that the overall water use is
reduced by 50% compared to the sprinkler system and 30% compared to the traditional
surface drip irrigation system. It was also noted that production was increased by a
percentage ranging between 30 to 70% compared to the surface irrigation system (Barth,
1995). An experiment on tomato using an automatic scheduling system for subsurface
drip irrigation has clearly shown a high saving in water and an increase in yield compared
to a non automatic system (Mohammad and Al-Amoud, 1994).

Under the arid and semiarid climates where rainfall is minimal and the air
temperature is high, this will result in a high increase in the evaporation rate from the soil
surface that results in salt accumulation in the top layer of the soil where active roots
concentrate which in turn leads to yield reduction. To minimize salt accumulation caused
by evaporation it is possible to apply the subsurface drip system to wash away salts
beyond the root zone. This method was applied successfully, on mature pear trees, where
subsurface laterals were laid at depths of 30 and 60 cm under the soil surface (Oron et al.,
1995). Other experiments on porous subsurface systems have shown that operation
pressure has a clear influence on the performance of these pipes, where the best
performance was noticed at an operation pressure not less than 80 and not more than
150 kPa (Mohammed, 1998).

Date palm trees are considered one of the most important fruit trees in the
Kingdom of Saudi Arabia. The number of trees is more than 23 million and it is
increasing every year. The production has increased to reach one million ton in the year
2007, they are grown in an area exceeding 156,000 ha (MOA, 2008). The date palm tree
is drought resistant and can withstand salinity up to 4 dS/m without any reduction in yield
(Ayers and Wescot, 1985). Although the root zone depth ranges between 1.5 to 2.5 m
(Doorenbos and Pruitt, 1977), the tree can take up 65 to 80% of water within a root zone
depth not exceeding 1.2 m (Yaacob, 1996). Date palm trees are usually irrigated by a
basin irrigation system that uses an abundant amount of water; the quantity is usually
decided based on the farmer’s experience. The crop water requirement for mature date
palms ranges between 115 and 306 m’, that is equal to 1.15 to 3.06 m’/ha (Albaker,
1972). If the expansion in date palm agriculture continues at the same present rate in the
Kingdom it is expected that a huge quantity of water will be required to irrigate the date
palms. However, due to the limited water resources in the Kingdom, it is vital to use some
water saving methods such as recent irrigation systems (drip irrigation). Therefore,
studies aiming to evaluate the date palm water requirement are essential and will lead to
the accurate application of irrigation water with no excessive use.

It is possible to estimate the crop water requirement for date palms based on
available information of similar areas such as the studies conducted in the Al-Hassa
region in Saudi Arabia (Hussain, 1986; Helal et al., 1986), Egypt (Hussain and Hussain,
1982), and Iran (Furr, 1975). Studies have indicated that low frequency irrigation with
high quantities for date palms is better compared to high frequency irrigation (Helal et al.,
1986). The results of a study on date palm (‘Sakoti’) in Egypt on irrigation frequency
have shown that the best period between irrigations is four weeks with a quantity equal to
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71 mm for each irrigation (Hussein and Hussein, 1982). A study was conducted on the
effect of drip irrigation on the growth and yield as compared to the sprinkler irrigation
(Reuveni, 1971, 1974), it was concluded that drip irrigation is more superior than the
sprinkler system, it was due to the smaller volume of wetted soil under drip irrigation.
Results have also indicated that date palms irrigated with drip irrigation show a clear
increase in leaves, flowers and fruits compared to those irrigated by a sprinkler system. It
was also noted that the yield of drip irrigated palms is higher than those irrigated by
sprinkler systems. In a comparison study between traditional drip and bubbler irrigation
systems on date palms, it was noted that the accumulation of salts on the surface layer
was higher for drip compared to bubbler systems (Naimah, 1985).

Results on experiments of date palm water consumption in the Riyadh area have
1ndlcated that the average amounts that have been delivered to date palms per year were;
108 m’/tree (1.08 m/ha), 216 m’/tree (2.16 m/ha) and 324 m’/tree (3.24 m/ha) for
corresponding water treatments of 50, 100 and 150% of evaporation rate, respectively
(Al-Amoud et al., 2000). Economical analysis of yield for the various irrigation systems
(drip, basin and bubbler) in the above experiment have shown that the highest yield was
for drip irrigated palms then the basin systems. leferences within water treatments were
minimal, in other words, the use of an amount of 108 m’/year/tree is enough to obtain the
highest efﬁ01ency of water use for date palms. Comparison between water use efficiencies
for various irrigation methods (drip, basin and bubbler) on date palms have shown that the
drip system has the highest water use efficiency followed by the basin system then the
bubbler irrigation system (Al-Amoud et al., 2000). The optimum date palm response to
drip irrigation is due to the nature of the system where water is delivered in a slow
process for a relatively long period of time through emitters. This process provides better
control and distribution for water through the soil profile to an extent that, losses due to
evaporation and deep percolation are reduced to the minimum and therefore, date palm
tree can make use of almost all the water delivered.

Economical analysis studies have shown the superiority of the subsurface drip
irrigation over the center pivot sprinkler irrigation system. It was found that the total cost
for the subsurface drip irrigation system per hectare (including; investment, management,
operation, etc.) is less by 30% compared to the center pivot system.

The aim of this research work is to investigate the efficiency and practicality of
the subsurface drip system use for irrigating date palm trees and to compare it with the
traditional surface drip irrigation system and to study the effect of the subsurface
irrigation system on yield and water conservation.

MATERIALS AND METHODS

Laboratory experiments were conducted at the department of Agricultural
Engineering Laboratories in the College of Food Sciences and Agriculture, King Saud
University, Riyadh. Eight random samples of different types of locally used subsurface
drip lines were collected (Table 1), with technical details as shown in Table 2. Various
hydraulic trials were made on subsurface pipes using the layout shown in Figure 1.
Experiments involved testing flow rates along each line under different pressures to
evaluate the distribution uniformity.

Field experiments on date palm trees were conducted in the Alwatania
Agricultural Project in Gassim, Saudi Arabia (elevation 649 m, 26°18N; 043°46E). Soil
texture is characterized as sandy clay loam soil, with physical and chemical
characteristics as outlined in Table 3. The experimental site was selected in the middle of
the project, the plot consists of 170 trees of mature trees with distances of 10 meters
between trees and between lines of trees. 50 of those trees are selected for study, they are
of a popular type known as ‘Helwa’. For irrigating the date palm trees, an irrigation pipe
network was designed (Keller and Karmeli, 1975; Howel et al., 1992; Nakayama and
Bucks, 1986; Al-Amoud, 1999). A high efficiency subsurface line (Techline) was used
based on the results of the laboratory study, it is an integral subsurface dripperline,
pressure compensating locally available with pre-installed emitters, 16 mm diameter,
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1.125 mm and 3.5 L per meter length in one hour, the hydraulic characteristics are shown
in Table 2. All subsurface drip pipes were installed in a circular way around the tree trunk
with 3 meter diameter at a depth of about 0.45 meter so that they can feed the active root
of the tree. The pipe network included all the necessary units and parts such as; valves,
filters, water meters and control board as indicated in the network design layout shown in
Figure 2. Irrigation scheduling was made by using soil moisture sensing devices that can
measure moisture at a depth of 0.8 meter or lower. The experimental plot is supplied with
water from a well in the site with suitable water quality as indicated in Table 4. The area
is characterized by high temperature in the summer with low rainfall as shown in the
climatic data (Table 5). The system was installed and operated in April 2001 and
experiments continued till the end of the 2008 season. Harvesting of crop started at the
beginning of August and ended by the middle of September.

RESULTS AND DISCUSSION

A preliminary laboratory trial was made on eight subsurface drip irrigation pipes
available locally in the Kingdom, to study their hydraulic characteristics. The aim was to
select the most proper pipe to be used for the date palm irrigation experiment.

Laboratory experiment results on drip lines hydraulic characteristics have shown a
noticeable effect of operation pressure on the performance of drip lines with different
degrees. Figure 3 indicates that, generally, the increase in pressure, will increase flow
rate, however, it is evident from the same figure that the fourth drip line (SS4), is the
superior in performance compared to the others. The superiority is judged by the lower
values of slope curve, or the emitter constant (). Table 6 shows a comparison of
performance for all tested drip lines based on the emitter constant of the flow equation of

emitters (Q = bH"). The study of water distribution along the fourth line (Techline) that

was chosen for field experiments indicates that there were minimal fluctuations compared
to other lines, possibly, due to manufacturing variations. Although pressures more than
0.5 bar could produce uniform flow distribution along the line, increasing the pressure to
more than 1 bar showed better uniformity as shown in Figure 4. As a result of the
laboratory experiment the forth drip line (Techline) was selected for better performance
and highest uniformity of water distribution. Comparing the uniformity coefficient for the
chosen drip line at a practical operating pressure of 1 bar, with standard classifications
recommended by The American Society of Agricultural Engineers (ASAE, 2000a, ASAE,

2000b), it shows an excellent level.

Results of field experiments have demonstrated, generally, that there is an increase
in yield and decrease in water use for all growing seasons (2001-2008), this resulted in a
high increase in water use efficiency (Fig. 5). It should be noted that in the 2000 season,
date palms were irrigated by conventional surface drip system, with an average yield of
75.5 kg/tree. In the next year (2001) the new subsurface drip system was installed and
operated (at the end of April). By the end of the 2001season, it is noted that water use was
close to the previous year but the average yield had increased considerably to more than
120 kg/tree with an increase of 60%. In the second year (2002) the field as totally
irrigated by the subsurface drip system adding more water (more than 100 m 3Jtree/year),
to test the impact of an increased amount of water on yield. The results have shown a high
increase in yield that reached to more than 162 kg/tree.

As the main aim of the research is to conserve irrigation water through the
subsurface drip system, irrigation for the following years (2003-2008) was reduced, with
variable results. The average yield of date palms for these years reached 94 kg/tree/year
with an average water consumption of 34.7 m 3/tree/year. The water saving reached 60%
with an increase of yield reaching an average of 25%. The true water saving could also be
measured through water use efficiency, as shown in Figure 6. It is evident from the figure
that there is a high increase in water use efficiency, to almost three-folds, compared to the
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conventional surface drip irrigation system.

The difference in water consumption of the subsurface drip system is due to
different reasons, including; soil type, soil density, soil structure, organic content,
possible emitter clogging. Difference in water use could also be due to fluctuation of
operating pressure. It is expected, theoretically, that change in water use will have an
impact on yield, however, reduced yield could be due to different factors such as; plant
disease, insects, salinity and some other reasons.

In conclusion, the result of this work indicates clearly the positive outcomes
resulting from the use of a subsurface drip irrigation system compared to a conventional
surface drip system.

CONCLUSIONS AND RECOMMENDATIONS

The laboratory experiment has demonstrated clearly the importance of
performance tests for drip lines before field use to insure the high performance of emitters
and uniformity of distribution along the drip line. Although the actual performance of drip
lines may not match the technical data published by manufacturers, it is important to
follow the manufacturer’s suggestions regarding the operating pressure. It is noted that,
an operating pressure of 1 bar is suitable for most drip lines. It is also noted that turbulent
flow drip lines have a better performance compared to other products.

Field experiment results have shown that, water saving could reach up to 60%
with an increase of yield that reaches an average of 25%. Subsurface drip irrigation
systems have demonstrated high water use efficiency of more than three-fold the
conventional surface drip systems. Based on the results of this experiment, it is possible
to conclude that subsurface drip irrigation for date palms is an effective and practical
method for irrigating date palms where a considerable amount of water could be saved
due to the elimination of evaporation water compared to other irrigation systems
including the traditional surface drip system. The subsurface systems prove to be durable
and highly efficient for irrigating date palm trees. It was noted that the subsurface system
could eliminate the weed growth around the tree and prevent salt accumulation on the soil
surface.
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Tables

Table 1. Types of subsurface drip lines.

No. Name Code Source
1 Porous Pipe-1 ECOPORE
In line drippers ~ GR Dripline .
2 with filter System Eurodrip
In line pressure Alwassael
3 compensating drip Co
line :
In line pressure Middle East
4 compensating drip Co
line :
5 Tape dripper line lgée%gp Q%%]? N
T-Tape
6 Tape dripper line TSX T-Tape
508-20-500
T-Tape
7 Tape dripper line TSX T-Tape
715-30-340
8 Porous Pipe-2 ECOPORE

Table 2. Technical details of drip lines.

. . Operating ~ Max No. of
No Code Dripline Drip line type Dl(?:lnni‘)cer Th(l;llgllge S pressure  pressure lzg‘gr/rﬁ)e drippers/
(bar) (bar) meter
SS1  Ecoporel ~ Porous pipe 13 2.2 0.6-1.0 4.0 1.5-2.0 -
2§52 Eurodrip 'Minetubulent 0.02 0.9 14 132 3
3 SS3  In-Line Inline ﬂturbulent 13 1
~ flow
4 SS4  Techline ™Mineiurbulent g 1.1 0520 39 35 3
5 885 Queen Gil Turbulent tape 16 0.025 1.4-2.0 4.0 3
6 SS6 T-Tape Turbulent tape 15.8 0.008 0.4-1.1
7 S8S7 T-Tape Turbulenttape  22.2 0.015 0.4-1.1
8 SS8  Ecopore2  Porous pipe 16 2.2 0.6-1.0 1.5-2 -
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Table 3. Soil analysis results.

Soil Characteristics Value
Physical characteristics
Sand (%) 65
Loam (%) 15
Caly 20
Texture Sandy clay loam
Field capacity 11.2
Wilting point 5.7
Available moisture 5.5
Apparent density 1.62
Chemical characteristics
Soil pH 7.8
Electrical conductivity (EC) (dS/m) 2.57
Positive ions (Cations) (meq/L)
Ca 21.3
Mg 9.3
Na 8.4
Negative ions (Anions) (meq/L)
0O; 0.22
HCOs 2.3
Cl 11
Organic matter 0.084
Available elements
P 6.56
K 152

Table 4. Water analysis.

Water characteristics Value
Water pH 7.36
Total dissolve salts (TDS) 950
Alkalinity 140
Conductivity 1893
Chlorides 319
Hardness 136
Ca 44
Mg 6.27
Fe 0.026
S 354
NO; 34
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Table 5. Climatic data.

Month Temperature Rel. humidity Av. Rainfall W. speed
0O (%) (mm) (m/h)
January 12 41 50 14
February 15 70 80 12
March 19 60 90 12
April 24 55 60 14
May 30 51 20 14
June 32 33 0 14
July 33 20 0 14
August 33 17 0 14
September 31 17 0 9
October 26 19 10 9
November 19 31 50 12
December 15 52 70 12

Table 6. Constants of the relationship (Q=bH”) which represents the pressure and
discharge curves in subsurface irrigation pipes.

No Code Pipe b B R

1 SS1 4.170 0.920 0.980
2 S§82 7.993 0.543 0.999
3 883 9.437 0.193 0.966
4 MY 11.441 0.043 0.878
5 8§85 4.248 0.610 0.998
6 S5S6 5.640 0.448 0.897
7 SS7 4.665 0.247 0.742
8 SS88 44.250 0.950 0.988
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Role of Phosphorus Solubilizing Microorganisms in the Growth of Date
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Abstract

Date palm trees (Phoenix dactylifera) tolerate relatively harsh climatic and
soil conditions in the UAE and gulf countries. The use of biofertilizers and organic
manure to increase the efficiency of phosphorus uptake has been studied.
Mycorrhiza fungi and Bacillus megatherum bacteria are used separately or in
combination to study their role in phosphorus solubilization.

Soil phosphorus is the least mobile element in plants and soil contrary to
other macronutrients. A large amount of phosphorus applied as fertilizer enters 1nt0
the immobile pools through precipitation reaction with highly reactive AP" and Fe**
in acidic, and Ca®" in calcareous or normal soils

Soil microorganisms play a key role in soil phosphorus dynamics and
subsequent availability of phosphate to plants. Phosphorus solubilizing organisms
play a role in phosphorus nutrition by enhancing its availability to plants through
release from inorganic and organic soil phosphorus pools by solubilization and
mineralization.

The principal mechanism in soil for mineral phosphate solubilization is
lowering of the soil pH by microbial production of organic acids and mineralization
of organic phosphorus by acid phosphatises. Use of phosphorus solubilizing
organisms as inoculants increases phosphorus uptake. These microorganisms also
increase prospects of using phosphatic rocks in crop production.

Greater efficiency of phosphorus solubilizing bacteria has been shown
through co-inoculation with beneficial bacteria and mycorrhiza.

INTRODUCTION

It is true that the date palm tree plays a major role in the life of people in Arabic
nations. Date fruits are a key element in food security, therefore scientists pay attention to
the care of date palm trees.

The role of fertilizers and their effect on the growth of date palm tree and its yield
quantity and quality has been studied and a positive relation between nutrients and tree
growth is reported (Badawi and Obaidy, 2009; Shaheen et al., 2003; Patdar and Mali.,
2002; Ghaleb and Salim, 2001; Omar, 1997; Salim and Mousa, 1989).

Using biofertilizers could be a natural input for increasing the growth of trees
under the severe climate and desert soil. Soil phosphorus is the least mobile element in
plants and soil contrary to other macronutrients. A large amount of phosphorus applied as
fertilizer enters 1nt0 the immobile pools through precipitation reaction with highly
reactive AI’* and Fe*" in acidic, and Ca*" in calcareous or normal soils (Ahmed et al.,
2009).

Inorganic forms of phosphorus are solubilized by a group of heterotrophic
microorganisms excreting organic acids that dissolve phosphatic minerals and/or chelate
cationic partners of phosphorus (He et al., 2002). Phosphate solubilizing microorganism
are being used in biofertilizers since 1950 (Kudashev, 1956; Krasilinikov, 1957).

There is strong evidence that soil bacteria are capable of transforming soil
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phosphorus to the forms available to plants. Microbial biomass assimilates soluble
phosphorus and prevents it from adsorption or fixation (Khan and Joergesen, 2009). The
microbial community influences soil fertility through soil processes viz., decomposition,
mineralization, and storage/release of nutrients. Microorganisms enhance the phosphorus
availability to plants by mineralizing organic phosphorus in soil and by solubilizing
precipitated phosphates (Chen et al., 2006; Kang et al., 2002; Pradhan and Sukla, 2005).

Phosphorus solubilizing activity is determined by the ability of microbes to release
metabolites such as organic acids, which through their hydroxyl and carboxyl groups
chelate the cation bound to phosphate, the latter being converted to soluble forms (Sagoe
et al., 1998). Phosphate solubilization takes place through various microbial processes/
mechanisms including organic acid production and proton extrusion (Surange, 1995;
Dutton and Evans, 1996; Nahas, 1996).

Inorganic P is solubilized by the action of organic and inorganic acids secreted by
phosphorus solubilizing microorganisms in which hydroxyl and carboxyl groups of acids
chelate cations (Al, Fe, Ca) and decrease the pH in basic soils (Kpomblekou and
Tabatabai, 1994; Stevenson, 2005).

MATERIALS AND METHODS

This study was conducted in the year 2008 at Al-Ain, UAE, to study the effect of
biofertilizers on solubization of phosphorus in sandy soils. 25 identical date palm trees of
three years old were selected and divided into five groups, each treatment of five
replicates.

Treatments were as follows:
. Control with normally grown trees.
. Received 25 kg of Al-nawaya organic fertilizer.
. Received 25 kg of Al-nawaya organic fertilizer + 250 ml of VAM.
.Received 25 kg of Al-nawaya organic fertilizer + 250 ml of microfert (Bacillus
megatherum).
5. Received 25 kg of Al-nawaya organic fertilizer + 250 ml of VAM + 250 ml of
microfert (Bacillus megatherum).

The organic fertilizer contained 2.5% of phosphorus which was derived from rock
phosphate and 55% organic matter. All biofertilizers were produced at Emirates Bio
Fertilizer factory at AL-Ain, UAE.

Materials were mixed thoroughly around the tree at 15 cm depth and irrigated
immediately.

Plant leaves were taken at zero time and after 90 days for the evaluation of
nutrients uptake, mainly nitrogen and phosphorus.

Soil samples were taken at the intervals of 0- 30- 60 and 90 days to study the
effect of treatments on soil microbial activity, organic acids generated, pH values of the
soil and at the end of experiment the level of phosphorus and nitrogen uptake has been
reported compared with the initial values in the tree leaves and fronds.

All biological analyses followed the standard methods after APHA (1989).
Chemical analyses was done according to Chapman and Pratt (1961).

AN —

RESULTS AND DISCUSSION

Table 1 reveals the microbial activities in the soil as affected by the addition of
organic matter and inoculation by microorganisms. The relation between microbial
activity and soil fertility has been reported by several studies; Alexzander (1977) and
Badawi and EI-Obaidy (2009).

The addition of organic fertilizer showed enhancement of microbial population
throughout the course of the experiment for 90 days. Inoculation of soil by
microorganisms increased the population of total plate counts. Interaction between
organic matter, bacteria and VAM showed the highest activity of the soil against the
control.

Soil phosphorus is the least mobile element in plants and soil contrary to other
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macronutrients. A large amount of phosphorus applied as fertilizer enters 1nto the
immobile pools through precipitation reaction with highly reactive AI'" and Fe’" in
acidic, and Ca”" in calcareous or normal soils (He et al., 2002; Stevensen, 2005; Ahmed et
al. 2009)

Table 2 shows the increase of released phosphorus as affected by the addition of
biofertilizers and organic matter. It is clear that the interaction between organic matter
and VAM and bacteria gave the highest record of available phosphorus.

The principal mechanism in soil for mineral phosphate solubilization is lowering
of the soil pH by microbial production of organic acids and mineralization of organic
phosphorus by acid phosphatises. The use of phosphorus solubilizing organisms as
inoculants increases the phosphorus uptake. These microorganisms also increase
prospects of using phosphatic rocks in crop production.

Table 3 reveals the role of organic matter and its microbial activities in releasing
organic acids and enzymes which decreased the soil pH value and enhanced the release of
phosphorus in the soil solution being more available for uptake by the plants (Evans,
1996; Nahas, 1996).

Tables 4 and 5 summarise the changes in nitrogen and phosphorus in all
treatments. From the data presented it is clear that levels of nitrogen and phosphorus
increased for all treatments compared with the control. The interaction between VAM and
Bacillus megatherum showed the highest values for nitrogen and phosphorus content in
the tree leaves and fronds. Addition of organic fertilizers enhanced the soil conditions and
reflected a positive effect on microbial activities (Badawi and Obaidy, 2009).

The increase of nitrogen and phosphorus contents of plants was due to the actual
increase of plant growth. Also mineralization of nutrients in the soil was due to the
decrease of soil pH and increase of soil acidity. The activity of microorganisms increased
the solubility of phosphorus due to the microbial enzymes produced e.g., acid phosphatise
and proteases (Ahmed et al., 2009).

CONCLUSIONS

Since most alkaline soil have high pH values and a high content of lime (calcium
carbonate) phosphorus elements are not available for uptake by plants because it is
combined with calcium cations and become unavailable to plants. Therefore a great
amount of phosphorus could be released to plants by using biofertilizers which is a low
cost and environmentally friendly product and will contribute to saving the environment
and reduce the application of chemical fertilizers. In the same time we can use rock
phosphate instead of synthetic forms.
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Tables

Table 1. Periodical changes of total plate counts (Log numbers) in treated soil.

Treatments 0 30 60 90
Control 6.0 6.1 6.7 63
Organic fertilizer 6.6 7.8 81 8.0
Organic fertilizer + VAM 6.6 82 84 88
Organic fertilizer + bacteria 6.5 7.8 81 8.0
Organic fertilizer + VAM + bacteria 6.8 8.8 8.9 9.1

Table 2. Periodical changes of a available phosphorus (ppm) in the soil during 90 days

test.
Treatments 0 30 60 90
Control 130 142 132 144
Organic fertilizer 457 501 533 543
Organic fertilizer + VAM 444 511 583 551
Organic fertilizer + bacteria 339 533 599 611
Organic fertilizer + VAM + bacteria 411 521 574 643

Table 3. Periodical changes of volatile organic acids (ppm) in the soil during 90 days test.

Treatments 0 30 60 90

Control 600 690 711 750
Organic fertilizer 740 2011 2500 2645
Organic fertilizer + VAM 780 2600 2877 3022
Organic fertilizer + bacteria 801 3000 3241 3466
Organic fertilizer + VAM + bacteria 813 3244 3400 3755
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Table 4. Levels of nitrogen and phosphorus percentage in leaves and fronds of date palm
trees before inoculation by biofertilizers.

N in N in Pin Pin

Treatments leaves fronds leaves fronds
Control 0.66 051 0.055 0.036
Organic fertilizer 0.69 0.55 0.088 0.043
Organic fertilizer + VAM 0.71  0.52 0.095 0.061
Organic fertilizer + bacteria 0.66 0.57 0.099 0.065

Organic fertilizer + VAM + bacteria  0.77  0.66  0.120  0.067

Table 5. Levels of nitrogen (N) and phosphorus (P) percentage in leaves and fronds of
date palm trees as affected by inoculation by biofertilizers.

Treatments Nin Nin Pin P in
leaves fronds leaves fronds
Control 095 0.82 0.11 0.066
Organic fertilizer 1.32  0.87 0.13 0.073
Organic fertilizer + VAM 144 094 0.14 0.081
Organic fertilizer + bacteria 1.80 1.25 0.16 0.095

Organic fertilizer + VAM + bacteria  1.95 1.32 0.166 0.097

120



The Role of NAA in the Regulation of Mineral Concentration of Date
Palm Seedlings (‘Shabeeby’) under Salt Stress Conditions

H.J. Aljuburi® A.M. Maroff

AECOM Aleppo University

PO Box 1419, Al Ain Faculty of Agriculture

United Arab Emirates Horticultural Department
Syria

M.K. Wafi and M. Al-Far

Central Agric. Lab Dept. of Agricultural and Water Research
Ministry of Municipal Affairs and Agriculture

Doha

Qatar

Keywords: Phoenix dactylifera, irrigation, salt water, NAA, leaves, roots, concentrations,
NaCl

Abstract

In many countries including Qatar, salinity in irrigation water is a serious
problem for agriculture. Irrigation with saline water reduces the plant growth and
productivity of most fruit trees. An experiment was carried out at the Research
Station of Qatar University, to study the effect of NAA on mineral concentrations of
date palm (Phoenix dactylifera L. ‘Shabeeby’) seedlings. The effects of NAA alone (0,
150 , 300 mg/L) or in combination with NaCl and NaCl alone (0, 6000, 12000,
18000 mg/L) added to the irrigation water were studied. After 115 days from the
first treatment, concentrations of N, Ca, Mg, Cu, Mn, Zn in leaves and N, P, K, Ca,
Mg, Cl, Cu, Mn, Zn and Fe in roots significantly increased with the application of
high NAA in ‘Shabeeby’ date palm seedlings.

High salinity concentrations in irrigation water decreased leaf P, Cu, Mn, Zn
and Fe but increased K, Na and root Cl and Cu concentrations relative to the
control seedlings. The combination of high NAA with high salinity in irrigation
water reduced the adverse effects of salt, preventing the reduction of most mineral
elements in leaves and increased the concentrations of others in roots. However, the
increases of Na in leaves and Na, Cl, N, P, Ca and Mg in roots with the application of
high NaCl in combination with high NAA concentrations in irrigation water,
without any symptoms of NaCl stressed indicated that the high accumulation of Na,
Cl and other elements might have played an important role in osmotic adjustment in
vacuoles and that it improves the water balance of ‘Shabeeby’ seedlings. Compared
to high NaCl concentration used alone, the irrigation of date palm seedlings with a
high concentration of NAA in combination with salts added to the water reduced the
adverse effects of salt by preventing the reduction of mineral elements concentration
in leaves and increased the element concentrations in roots.

INTRODUCTION

Salinity in irrigation water is a serious problem for agriculture (Grattan, 2002).
Irrigation with saline water has been found to depress plant growth and productivity of
date palm (Al-Dabbas, 2003; Aljuburi and Al-Masry, 2000; Hassan and El-Samnoudi,
1993; Sane et al., 2005). It was reported that the irrigation of date palm seedlings, with
saline water in combination with naphthalene acetic acid (NAA) indole acetic acid (IAA)
and gibberellic acid (GAj) significantly increased the shoot dry matter percentage
(Aljuburi and Al-Masry, 1996; Aljuburi et al., 2002).

Leaf Na, Cl, iron (Fe) concentrations of date palm seedlings, increased when
irrigated with salt application alone or in combination with GAj3 (Aljuburi, 1996; Aljuburi
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and Al-Masry, 2000) or IAA (Aljuburi and Al-Masry, 2000). Similarly, the application of
salt in irrigation water increased, Cl, K, Na, nitrogen (N) and phosphorus (P)
concentrations, but reduced calcium (Ca) and Magnesium (Mg) concentrations in the
shoots of most citrus rootstock (Al-Jabery, 1993; Zekri, 1993). Moreover, according to
other results (Aljuburi and Al-Masry, 2000; Zid and Grignon, 1987) the application of
saline water had no significant effect on N, P, K concentrations, but led to large Cl and
Na accumulation in Citrus aurantium leaves. The accumulation of high Na and Cl
concentrations in date palm leaves may provide a beneficial physiological activity
through the osmotic adjustment (Hassan and El-Samnoudi, 1993).

Application of GAj; alone or in combination with salt in irrigation water on date
palm seedlings significantly increased the shoot and root Na and Cl concentration
(Aljuburi, 1996; Aljuburi and Al-Masry, 2000).

The objective of this research was to investigate the potential improvement in
growth and the increase of ion content of ‘Shabeeby’ date palm seedlings under salt stress
conditions due to the addition of NAA.

MATERIAL AND METHODS

The experiment was conducted in the nursery of the Experimental Station of Qatar
University at Rawdat Al-Faras region in Qatar State. One-year-old, uniform date palm
(Phoenix dactylifera L.) seedlings of the ‘Shabeeby’ cultivar were transplanted in 40 cm
in diameter and 30 cm deep plastic bags filled with peatmoss and yellow sand. All plants
were irrigated with tap water three times a week for 115 days. Plants were arranged in a
completely randomized block design, with salt concentrations 0, 6000, 12000 and
18000 mg/L. NaCl treatments were imposed by irrigating each plant once a week with
300 ml of the corresponding salt solution in addition to 300 ml of various NAA solutions
(150 and 300 mg/L) sprayed monthly. The experiment consisted of 12 treatments,
replicated 3 times, with one seedling as the experimental unit.

The nitrogen content of leaves and roots was determined by the micro-Kjeldahl
method. Measurement of Ca, Fe, K, Mn, Mg, Na, Zn and Cu concentrations was
conducted after wet digestion with a mixture (4:1) of nitric/perchloric acid by atomic
absorption spectrophotometer (GBC Avanta). The phosphorus concentration was
determined by colorimeter method “spectrophotometer” (UNICAM 8620 UV/VI1S
spectrometer). The chloride concentration was measured using the Ion-chromatograph
(DIONEX IC 25) technique (Walinga et al., 1989; Westerman et al., 1990).

The data were subjected to analysis of variance and LSD was used for mean
comparison with P<0.05.

RESULTS

Salinity and NAA Effects on Leaf Mineral Concentrations

Irrigation of ‘Shabeeby’ seedlings with low salt level concentration (6000 mg/L)
significantly decreased leaf N concentration as compared with the check treatment (Table
1). The leaf N concentration of ‘Shabeeby’ seedlings significantly increased, when
sprayed with 300 mg/L NAA alone as compared with the non-treated plants. The results
of the salinity effect on the leaf N level are in agreement with other researchers (Aljuburi,
1996; Aljuburi and Al-Masry, 1996, 2000) who showed that salinity in irrigation water
reduced the N concentration of date palm leaves. The results of the NAA effect on the
leaf N concentration of ‘Shabeeby’ seedlings are in agreement with those of Hale and
Orcutt (1987), who reported that the plant growth regulators application resulted in higher
concentrations of N in the stem tissues of tomato plants.

Application of a low concentration of NAA (150 mg/L) or salinity (6000, 12000
or 18000 mg/L) alone or a combination with 300 mg/L NAA, with 6000 mg/L NaCl or
150 mg/L NAA with 1200 mg/L NaCl reduced the seedling leaf P concentration as
compared with the control (Table 1). The results of the leaf P concentration of ‘Shabeeby’
seedlings are in agreement with those of other studies (Aljuburi, 1996), which showed
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that salinity in irrigation water decreased the leaf P concentration in date palm.

The leaf K concentration of ‘Shabeeby’ seedlings significantly decreased when
irrigated with a low concentration of saline water as compared with the control (Table 1).
However, application of a high NaCl concentration alone or with low NAA to ‘Shabeeby’
seedlings increased the leaf K concentration over the control. These findings are in
agreement with Aljuburi (1996) who showed that application of a low GAj; concentration
to ‘Lulu’ date palm seedlings increased the shoot K concentration over the control, and
with those of Aljuburi and Al-Masry (1996) and Nawar and Ibrahim (1984) who showed
that salinity significantly increased the K concentration in citrus and pear leaves and
roots.

Irrigating ‘Shabeeby’ date palm seedlings with the NAA solution alone or in
combination with medium or high salinity in irrigation water or low NAA with low NaCl
concentrations significantly increased leaf Ca concentration respectively as compared
with the control (Table 1). Irrigation with water containing salts (6000 or 12000 mg/L)
significantly decreased leaf Ca concentrations as compared with the control.

Application of high concentrations of NAA or a medium concentration of NaCl on
‘Shabeeby’ date palm seedlings significantly increased the leaf Mg concentration, as
compared with the control (Table 1). The results of NAA are in agreement with those of
Hale and Orcutt (1987) who reported that the application of plant growth regulators on
tomato plants increased the stem Mg concentrations as compared with the control.

The leaf Na concentrations of ‘Shabeeby’ seedlings were significantly increased
when irrigated with a high concentration of saline water alone or in combination with a
high NAA concentration or a low NAA concentration in combination with medium salt
concentration relative to the non-treated seedlings (Table 1). Application of NAA alone or
in combination with low salinity in irrigation water had no significant effect on Na level
of ‘Shabeeby’ seedling leaves, whereas addition to irrigation water of 300 mg/L NAA in
combination with 12000 mg/L NaCl, or 150 mg/L NAA in combination with 12000 mg/L
Nacl, 150 mg/L NAA in combination with 18000 mg/L NaCl did not significantly change
leaf Na concentrations of treated seedlings as compared with the non-treated seedlings.

These results are in agreement with others (Aljuburi, 1996; Aljuburi and Al-
Masry, 2000), which demonstrated that salinity in irrigation water increased leaf, Na
concentrations in date palm. Also they showed that the application of indole acetic acid
(IAA) alone or in combination with salinity or GAj (gibberellic acid) in combination with
salinity in irrigation water on date palm seedlings, ‘Lulu’ or ‘Khalas’ and ‘Lulu’,
increased the leaf Na concentration.

The leaf CI concentration of ‘Shabeeby’ seedlings was not significantly affected
by application of NAA alone or in combination with saline irrigation water as compared
with the control. The results of the NAA effect on the leaf Cl concentration of ‘Shabeeby’
seedlings are in agreement with those of Aljuburi (1996), showing that gibberellic acid
had no effect on ‘Khalas’ and ‘Lulu’ leaf CI concentration.

Application of NAA on ‘Shabeeby’ seedlings significantly increased the leaf Cu
concentration as compared with the control. The leaf Cu levels of ‘Shabeeby’ seedlings
also significantly increased when irrigated with a combination of 300 mg/L NAA and low
and medium NaCl concentrations relative to the control (Table 1).

Irrigation of ‘Shabeeby’ seedlings with a high salt concentration alone,
significantly decreased the leaf Cu levels relative to non-treated seedlings.

The results of plant growth regulators on leaf Cu concentrations are in agreement
with others (Hale and Orcutt, 1987) which demonstrated that application of plant growth
regulators resulted in higher leaf mineral concentrations in the stem tissues of tomato
plants. Moreover, the application of saline water to citrus plants decreased Cu
concentrations in leaves and roots (Atalla, 1987; Banuls et al., 1990).

Leaf Mn concentrations of ‘Shabeeby’ seedlings were significantly increased
when irrigated with NAA alone relative to the non-treated seedlings. Application of
medium or high salt alone significantly decreased leaf Mn levels as compared with the
control.
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Application of a high NAA concentration in combination with medium and high
salinity in irrigation water significantly increased leaf Mn levels of ‘Shabeeby’ seedlings
as compared with the application of medium and high salt concentrations alone (Table 1).
These results agreed with previous work of Aljuburi (1996), which showed that date palm
seedling irrigation with salt alone significantly decreased leaf Mn concentrations in the
‘Khalas’ seedlings. Similar results of growth regulators effects on leaf Mn concentrations
of ‘Lulu’ seedlings and tomato plants were also obtained in previous studies (Aljuburi,
1996; Hale and Orcutt, 1987).

Irrigation of ‘Shabeeby’ seedlings with saline water alone significantly reduced
the leaf Zn whereas application of a high concentration of NAA alone significantly
increased the leaf Zn as compared with non-treated seedlings (Table 1).

Leaf Zn concentrations of ‘Shabeeby’ seedlings significantly increased when
irrigated with high concentrations of NAA in combination with low and medium levels of
NaCl concentrations as compared with the application of salt alone. These findings are
also in agreement with those of (Aljuburi, 1996; Banuls et al., 1990) who showed that the
salinity decreased shoot Zn concentrations of ‘Khalas’ and ‘Lulu’ and citrus plants .

Other workers (Hale and Orcutt, 1987) demonstrated that the plant growth
regulator led to accumulation of Zn in tomato plants.

When irrigating ‘Shabeeby’ seedlings with high concentrations of the NAA
solution alone or high, medium or low salt concentrations alone in irrigation water the
leaf Fe levels of ‘Shabeeby’ seedlings significantly decreased compared with the control
(Table 1).

High NAA in combination with low salt concentrations decreased leaf Fe
concentrations relative to the control. The results of the salinity effect on leaf Fe level of
‘Shabeeby’ seedlings are in agreement with those of Banuls et al. (1990) who found that
the application of saline water to citrus plants decreased Fe concentrations in leaves and
roots.

Salinity and NAA Effects on Root Mineral Concentration

Root N or P concentrations in ‘Shabeeby’ seedlings significantly increased with
application of NAA in irrigation water alone or low or high concentration in combination
with low or high salinity in irrigation water respectively as compared with the control
seedlings (Table 2). Application of GAjz or IAA alone or in combination with saline water
increased root N or P concentrations of ‘Khalas’ or ‘Lulu’ seedlings respectively
(Aljuburi, 1996; Aljuburi and Al-Masry, 2000).

Low NAA in combination with low NaCl concentrations, significantly increased
the root K concentrations of ‘Shabeeby’ seedlings over the control (Table 2). As
compared with the control seedlings, root K concentrations of ‘Shabeeby’ seedlings
significantly increased, when irrigated with NAA alone.

High NAA in combination with high salt concentrations or high NAA in
combination with medium NaCl concentrations significantly increased the root Ca, Mg or
Mg concentrations respectively over the control. Application of NAA alone significantly
increased root Ca and Mg concentration over the control. The results of the plant growth
regulators effect on root Ca, Mg concentrations of ‘Shabeeby’ seedlings are in agreement
with those of Hale and Orcutt (1987), who demonstrated that the application of plant
growth regulators resulted in higher concentrations of Ca, Mg in the stem tissues of
tomato plants.

Root Na concentrations of ‘Shabeeby’ seedlings significantly increased when
irrigated with low concentrations of NAA application alone or in combination with
medium salt concentrations, or high NAA concentrations in combination with high salt
concentrations relative to the non-treated seedlings. High NAA concentrations or salts
alone, or the combination of NAA with low salinity concentrations in irrigation water,
high NAA with medium salt or low NAA concentrations with high salinity concentrations
in irrigation water had no significant effect as compared to non-treated seedlings. The
results of root Na concentrations of ‘Shabeeby’ seedlings agree with those of Aljuburi
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(1996) and Aljuburi and Al-Masry (1996, 2000) who showed that the salinity in irrigation
water in combination with plant growth regulators increased root Na concentrations of
‘Khalas’ and ‘Lulu’ or ‘Lulu’ date palm seedlings, the results of the salinity effect on root
Na concentrations of ‘Shabeeby” seedlings are in agreement with those of Aljuburi and
Al-Masry (1996), who showed that the salinity had no effect on leaf Na concentrations of
five citrus rootstock seedlings as compared with the control.

The results also showed that the root Na concentrations were higher than leaf Na
concentrations for most treatments. These results agree with those previously obtained
with the use of IAA and salinity to irrigate ‘Lulu’ seedlings (Aljuburi and Al-Mastry,
2000).

Root CI concentrations in ‘Shabeeby’ seedlings significantly increased with
application of high salinity in irrigation water alone or in combination with high NAA
concentrations over the control. However, NAA application alone or in combination with
medium concentration of salts in irrigation water, significantly increased root CI
concentrations of ‘Shabeeby’ seedlings over the control (Table 2). The results of the
effect of high salinity concentrations in irrigation water on root the Na concentration of
‘Shabeeby’ seedlings are in agreement with other works (Aljuburi, 1996; Hassan and El-
Samnoudi, 1993; Zekri, 1993), which showed that the salinity led to accumulation of Cl
and Na in date palm and citrus seedlings, respectively. The results of plant growth
regulator in combination with salinity in irrigation water are in agreement with those of
Aljuburi (1996) who showed that the salinity in combination with GAj; increased root Na
and CI concentrations of ‘Lulu’ and ‘Khalas’ date palm seedlings. These results also
showed that the root Cl concentrations were lower than leaf Cl concentrations whereas the
root Na concentrations were higher than leaf Na concentrations.

High NAA concentrations significantly increased the root Mn concentration over
the control. Similar results have already been obtained (Aljuburi and Al-Masry, 2000)
with ‘Lulu’ seedlings.

Application of NAA alone or low salt concentrations alone in irrigation water
significantly increased root Zn concentrations of ‘Shabeeby’ seedlings as compared with
the control (Table 2). High NAA concentrations alone, added in the irrigation water,
significantly increased the root Fe concentrations as compared with the control.

The application of IAA significantly increased Zn concentrations and decreases
the Fe concentrations in roots.

DISCUSSION

The results revealed that the application of low NAA concentrations on
‘Shabeeby’ seedlings significantly increased leaf Ca, Cu, Mn or root N, P, K, Ca, Mg, Na,
Cl, Cu and Zn and significantly decreased leaf P concentrations as compared with the
control. Leaf N, Ca, Mg, Cu, Mn, Zn or root N, P, K, Ca, Mg, Cl, Cu, Mn, Zn and Fe
concentrations significantly increased, but leaf K and Fe concentrations decreased with
application of high NAA concentrations on ‘Shabeeby’ date palm seedlings. Leaf Na
concentrations significantly increased with irrigation of ‘Shabeeby’ seedlings with high
concentration of saline water alone or in combination with high NAA, or medium salinity
with low NAA concentrations as compared with the control, whereas root Na
concentrations significantly increased with application of low NAA concentration alone
or in combination with medium levels of NaCl or high NAA with high salinity in
irrigation water relative to the control.

Application of salts or NAA in irrigation water alone or in the combination had no
significant effect on ‘Shabeeby’ leaf Cl concentrations, whereas root Cl concentrations
significantly increased with the application of NAA or high salinity concentrations in
irrigation water alone or NAA in combination with medium concentrations of salt, or high
NAA with high NaCl concentrations in irrigation water as compared with the control.

The result could support the hypothesis, which showed that the application of
NAA, could be assisted of accumulating the mineral elements in leaf and root of treated
seedlings, therefore, could increase the plant growth, then plant resistance to salt stress is
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increased or when exogenous NAA is sprayed on ‘Shabeeby’ seedlings, NAA might be
bound to receptors and activated the ATP-driver pump. As hydrogen ions (H") are being
pumped out the cell, the cell wall becomes acidic, breaking hydrogen bonds. Cellulose
fibrils are weakened and activated enzymes further degrade the cell wall. More water
enters the cell, and therefore turgor pressure increases. The resulting increase in turgor
pressure causes the cell to expand and further stimulates the loosening of bonds between
cellulose micro-fibrils. Expansion of the micro-fibrils results in elongation of the cell and
dilutes the concentration of Na and Cl or binding them with other compounds or
translucated Na and Cl to vacuole (Marder, 2004).

Salinity significantly reduced or had no effect on element concentrations of leaf
and root. The increases of Na in leaf or Na and Cl in roots with application of high or
medium salinity concentrations in irrigation water without any symptoms of NaCl stresses
could indicate that the high accumulation of Na and CI could play an important role as
osmotic adjustment in vacuoles and that it improves the water balance. Aljuburi (1996)
obtained similar results and Hassan and El-Samnoudi (1993), who reported that the
absorption of Na and CI by plants serves a useful function by providing lower osmotic
solutes.

Application of high NaCl concentration alone increased the leaf K, Na, root Cl,
and Cu and decreased the leaf P, Cu, Mn, Zn, and Fe concentrations, whereas the
combination of high NAA and high NaCl concentrations in irrigation water increased leaf
Na levels only and root N, P, Ca, Mg, Na and CI concentrations, as compared with the
control. Therefore these results could be indicate that spraying NAA on salt stressed
seedlings increased plant resistance by increasing the concentrations of the mineral
elements in roots.

These findings are in agreement with other workers (Hale and Orcutt, 1987) who
showed that plant growth regulators could improve the nutrient uptake and the efficiency
of use, by altering the rate of membrane selectivity of elements uptake, and improve root
growth and thus increase the volume of soil penetrated by roots.

CONCLUSIONS

Compared to saline water used alone, the irrigation of date palm seedlings with
naphthalene acetic acid in combination with salt added to irrigation water reduced the
adverse effect of salinity by preventing the reduction of most mineral elements in leaves
and increased the most macro elements in root. In addition, from the results could be
concluded that the application of 300 mg/L of NAA alone or in combination with a high
NaCl concentration in irrigation water increased most of the leaves and roots elements or
roots element respectively. This accumulation of elements could increase the biochemical
reactions and act as adjust osmotic regulation of seedlings, and finally the growth rate
increased. Therefore, these treatments could be recommended for the Qatar region.
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Tabels

Table 1. Effect of different levels of NAA and saline water on leaf nutrient concentrations of date palm (Phoenix dactylifera L.

‘Shabeeby’) seedlings*.

Treatment N P K Ca Mg Na Cl Cu Mn Zn Fe
Dry weight (%) Dry weight (ppm)

Control 1.16 0.120 1.13  0.583 0.287 0.260 1.273  3.12 40.11 2881 195.52
150 mg NAA/L .30 0.090 1.06 0.790 0303 0.293 1522 586 53.63 2538 169.09
300 mg NAA/L .36 0.113 098 1.050 0507 0327 1439 543 5137 58.65 131.33
6000 mg NaCl/L 0.85 0.050 0.88 0423 0220 0377 1.024 2.77 3880 18.67 129.31
12000 mg NaCl/L 1.09 0.083 1.12 0457 0200 0.230 1.156 3.07 2994 1641 127.71
18000 mg NaCl/L 1.09 0083 140 0593 0.263 0520 1436 1.77 2624 19.84 126.26
150 mg NAA/L + 6000 mg NaCl/L 1.29  0.093 1.13 0.713 0310 0.500 1.441 442 41.07 27.61 15343
300 mg NAA/L + 6000 mg NaCl/L 091 0.050 1.05 0.703 0.253 0.440 1.560 531 44.61 3454 130.19
150 mg NAA/L + 12000 mg NaCl/L 097 0.057 098 0.677 0283 0.633 1531 3.84 3353 21.68 16532
300 mg NAA/L + 12000 mg NaCl/L 1.39  0.093 130 0830 0383 0533 1.606 525 4582 3622 162.74
150 mg NAA/L + 18000 mg NaCl/L 146 0.127 149 0.797 0313 0470 1.492 445 29.60 2731 15645
300 mg NAA/L + 18000 mg NaCl/L 1.17 0.100 1.18 0.697 0360 0.617 1771 323 4399 2501 175.96
NaCl 0.18 0.035 0.17 0.074 0.074 0.182 0.301 0.83 8.65 8.68 34.64
0.05 NAA 0.16 0.030 0.15 0.064 0.064 0.158 0.260 0.72 7.49 7.51 30.00
LSD NAA x NaCl 032 0.060 029 0.128 0.128 0.316  0.521 144 1498 15.03  60.00
e NaCl 025 0.047 023 0.100 0.100 0.248 0409 132 11.76 11.79 47.08
0.01 NAA 021 0.041 0.19 0.087 0.087 0.215 0354 098 10.18 10.21  40.78
NAA x NaCl 043 0.081 039 0.174 0.174 0429 0.708 196 2036 20.43  81.55

* values are mean of three seedlings: three replications each with one seedlings.



Table 2. Effect of different levels of NAA and saline water on root nutrient concentrations of date palm (Phoenix dactylifera L.
‘Shabeeby’) seedlings*.

Treatment N P K Ca Mg Na Cl Cu Mn Zn Fe
Dry weight (%) Dry weight (ppm)

Control 0.34  0.023 1.01 0317 0350 0.660 1.732 1.08 12.51 10.46 198.74
150 mg/NAA/L 0.69  0.050 1.68 0.600 0950 1.150 2.661 3.85 13.33 15.36 300.29
300 mg NAA/L 0.95  0.097 143 0.617 0.623 0.673 2.633 4.12 19.80 17.76 414.46
6000 mg Nacl/L 040 0.020 088 0307 0377 0.737 1900 2.27 1595 14.65 213.12
12000 mg NaCl/L 0.34 0.030 093 0397 0420 0.637 2411 252 14.41 9.78  226.86
18000 mg NaCl/L 0.36  0.030 1.03 0383 0397 0.823 3.120 3.68 14.58 10.82 260.43

150 mg NAA/L + 6000 mg NaCl/L 0.61  0.057 144 0423 0520 1.000 2.640 3.38 12.12  11.22  280.79
300 mg NAA/L + 6000 mg NaCl/L 0.39  0.033 1.30 0470 0487 0943 2.614 343 18.67 12.85 366.57
150 mg NAA/L + 12000 mg NaCl/L  0.43  0.033 1.29 0450 0480 1.777 3.079 432 13.98 11.06 258.96
300 mg NAA/L + 12000 mg NaCI/L  0.45  0.043 1.27 0473 0577 1.063 3.676  3.57 1422 11.24 314.05
150 mg NAA/L + 18000 mg NaCI/L  0.50 0.040 098 0387 0480 1.043 2783 2.80 16.13 11.21 267.48
300 mg NAA/L + 18000 mg NaCI/L  0.71 0.050 1.26  0.590 0.647 1297 3716 247 2039 11.87" 281.27

NaCl 0.11  0.015 024 0.095 0.104 0.252 0.754 142 5.13 3.01 126.31

0.05 NAA 0.10 0.013 021 0.082 0.090 0.218 0.653 1.23 4.44 2.61 109.38

L.S.D NAA x NaCl 0.19 0.026 042 0.164 0.180 0.437 1.307 2.45 8.88 522  218.77
T NaCl 0.15 0.021 033 0.129 0.141 0.343 1.025 1.92 6.97 4.09 171.68
0.01 NAA 0.13 0.018 029 0.112 0.122 0.297 0.88 1.67 6.03 3.55 148.68

NAA x NaCl 027 0.036 0.58 0223 0245 0.594 1776 333 12.07 7.09 297.35

6¢Cl

* values are mean of three seedlings: three replications each with one seedlings.
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Yield and Yield Components of ‘Sayer’ Date Palm as Affected by Levels
and Methods of Iron Fertilization
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Abstract

Date palm is one of the most important and strategic agricultural crops. Date
palm is cultivated in calcareous soils of Iran. Plants grown on calcareous soils
sometimes suffer from an iron deficiency. It has been suggested that inorganic iron
compounds, iron chelates, organic compounds, industrial by-products and wastes,
acidifying soil amendments and injection, could affect correction. Due to the
importance of date palm and so the importance of iron in date palm nutrition this
research was conducted in order to study the effects of iron fertilization on yield and
yield components of date palm ‘Sayer’, on 54 trees in the Ahwaz research station of
Khoozestan Province on eight-year-old date palm (Phoenix dactylifera) in Iran
during 2002-2006. Research treatments consisted of: 1) Control treatment, 2) Soil
surface application of Fe in two levels, 3) Application of Fe as localized placement
method in two levels, 4) Fe injection into the trunk of tree in four levels. The
experiment was performed as a randomized complete blocks design with nine
treatments and three replications. Agro-technical practices were done according to
the custom of the region. Production was harvested and weighted each year at the
end of September. Yield, yield components, chemical and physical analyses of leaves
and fruits were also done. Data were analyzed statistically and means were
compared with Duncan’s multiple range tests using MSTATC software. Results
showed that in most cases, injection of 25 g FeSOy tree”! into the trunk showed the
best results. Other injection treatments were placed in second class.

INTRODUCTION

The whole land under date cultivation in Iran is estimated at about 240,000 ha
(FAO, 2007) of which over 37,000 ha are allotted to Khuzestan province (Anonymous,
2006). ‘Sayer’ is the most commercial date cultivar in Khoozestan province. The area
under cultivation of this cultivar has regularly increased in recent years because of its
desirable taste, size and moisture and its important role in export.

Fruit trees and among them date palm, need optimum amounts of minerals for
their best growth. Proper application of macro- and micro-nutrient fertilizers is necessary
to increase quantitative, qualitative and economical output of date production in palm
groves. Fe deficiency or less mobility of Fe in plants prevents chlorophyll formation and
causes chlorosis. Fe deficiency can also cause a decrease in assimilation and decline in
yield (Malakouti and Tabatabaei, 1999).

A research done on the date palm showed that Fe injection into the trunk of the
tree caused a yield increase (Abo-Rady et al., 1987). It was also reported that injection of
Fe into the trunk of date palm caused a meaningful increase in Fe concentration in leaves,
as well as date yield (Abo-Rady et al., 1987; Rasouli and Malakouti, 1999). Other
researchers have also showed that Fe deficiency was removed in some trees such as olive
and peach after Fe injection into their trunks (Fernandez et al., 1993). Peryea and
Kammereck (1997) observed that trunk injection of iron could eliminate leaf chlorosis in
iron-deficient pear trees.

Desirable effects of using iron chelate on chlorosis removal have also been
reported in citrus trees (Banuls et al., 2003).
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A research done on the date palm w1th treatments of 25, 50 and 100 g FeSOy tree”
showed that injection of 25 g FeSO, tree” into the trunk caused the best results. Other
injection treatments were placed in second class (Saleh, 2008).

Regarding the mentioned research, it is suggested that there is a significant
relation between iron fertilization and yield and chemical composition of date palm in a
way that using optimum amounts of Fe fertilizers causes an increase in yield and develops
fruit quality and chemical composition of leaves. The objective of this study was to
examine the above mentioned hypothesis on ‘Sayer’ date palm in Khoozestan province.

For this purpose, we studied the effects of using different methods and levels of
iron fertilizations on date yield and some other plant responses such as fruit weight
average, fruit length, Fe and Zn content of leaves and total sugar percentage of fruits.

MATERIALS AND METHODS

The present research was conducted on 54 date palms ‘Sayer’ in the Ahwaz
research station during 4 years. The experiment was performed on 8-year-old trees as a
randomized complete blocks design consisting of 9 treatments and 3 replications with two
trees in each treatment.

Research treatments including three fertilization methods in various levels were
applied as follows:
1. Control treatment.
2. Soil surface application of 100 g Fe-EDDHA tree” in the form of a strip around the

trunk of trees.
3. Soil surface application of 200 g Fe-EDDHA tree” in the form of a strip around the
trunk of trees.

4. Localized placement of 1 kg FeSO4 tree
5. Localized placement of 2 kg FeSOy tree”
6. Injection of 2 L solution Wlth zero concentration of Fe and a pH of 3.5.
7. Injection of 25 g FeSO4 tree as 2 L solution with a pH of 3.5.
8. Injection of 50 g FeSO, tree™ as 2 L solution with a pH of 3.5.
9. Injection of 100 g FeSO4 tree” as 2 L solution with a pH of 3.5.

Besides, the following necessary fertilizers were uniformly used for each tree:
1.5 kg ammonium sulfate, 0.750 kg ammonium phosphate, 1 kg powdery sulfur fertilizer
and necessary amounts of animal manure for filling pits. Meanwhile, this fertilizer was
added to the soil in 3 pits around the trees with 60 cm in depth and 40 cm in diameter.
Agro-technical practices (such as pollination, thinning, irrigation and so on) were done
according to the custom of the region. Production was harvested and weighted each year
at the end of September. Physical and chemical properties of fruit such as length, average
weight, weight ratio of fruit pulp to its stone and fruit total sugar percentage were
measured in the laboratory. Also, concentrations of Fe and Zn in leaves were determined.
Data were statistically analyzed. Means were compared using Duncan’s multiple range
tests via MSTATC software.

RESULTS AND DISCUSSION

Injection of 25 g FeSO, tree” (treatment 7) caused the highest yield (Table 1). So,
in calcareous soils like soils in Khoozestan province, there is a low amount of plant
available Fe, despite the large amounts of total Fe in them because of the effect of high
pH on reducing Fe availability and so, iron uptake by plant becomes low.

Since the injection of iron into the trunk conveys this element directly to the
respective parts of plant, using this method could help us to resolve the problem of
absorption and transmission of Fe in date palm. The presence of sufficient amounts of
available Fe causes an increase in photosynthesis and carbohydrate motion in plants. This
makes more production yield (Mengel and Kirkby, 1978). Yield increase with Fe
injection into the trunk of trees was consistent with findings of others (Abo-Rady et al.,
1987; Peryea and Kammereck, 1997). There are some other effective ways to do this
(Tindall et al., 1996; Malakouti and Samar, 1998; Malakouti and Tabatabaei, 1999).
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There were no statistical differences between fruit weights in treatments.
However, from the numeral viewpoint the highest and lowest amounts were seen in
treatments 7 and 1, 6, respectively of which treatment 1 and 6 are the control treatment
and a treatment without Fe applied. Anyway, injection of 25 g FeSO, tree” and other
applied iron treatments had the best effects. Similar results were reported by Saleh (2008).
It can be explained with the effect of Fe on increasing the plant Fe concentration that
consequently enhances the photosynthesis rate in the plant (Mengel and Kirkby, 1978).
Increasing the fruit average weight due to iron injection into the trunk of trees has also
been reported by others (Rasouli and Malakouti, 1999).

Fruit length was the same in all of the treatments, statistically. But, treatment 7
showed the highest fruit diameter, that is 18.21 mm and was significant different with the
other treatments. The lowest diameter of the fruit was measured in treatment 1 and 6, that
is, the control treatment and the treatment without Fe applied. Similar results were
reported by Moghimi (1998).

Characteristics such as weight of fruit and brunch, percent of fruit set, fruit
diameter, stone diameter, spathe width, trunk circumference, length of thorn, leaflet and
leave, Fe (leave), Zn (leave) increased as effect of treatment 7.

Fe injection increased the average of fruit weight, via injection into the trunk of
the tree. The highest amounts of Fe concentration in date leaves were seen in treatments 7
and 9. Treatment 4 showed a lower amount of leaf Fe concentration, statistically. Similar
results were reported by Saleh (2008). Therefore, injection of FeSOy into the trunk of date
palm can be the best recommendation to achieve desirable results such as increment in
plant Fe content. Iron injection into the trunk of the tree can supply adequate amounts of
this essential element for plants regardless of high amounts of CaCO3 and high pH of soil
that can cause disorder in absorption and translocation of elements in plants (Fernandez-
Escobar et al., 1993). The other researchers have reported an increase of Fe concentration
in date leaves due to the Fe injection and application of FeEDDHA at rates up to
1000 g/tree had no effect on Fe concentration in leaves (Abo-Rady et al., 1987). Some
other research also showed that the content of Fe in plant leaves increased due to Fe
application through the localized placement method (Malakouti and Samar, 1998;
Malakouti and Tabatabaei, 1999). Soil surface application of FEEDDHA caused the least
increase in Fe concentration of leaves. Treatment 7 caused the most increase in Zn
concentration of date leaves while other treatments showed less contents of Zn in leaves.
The least amount of Zn concentration in leaves was also allotted to treatment 1 which is
the control treatment, statistically. The increase of Zn concentration in treatment 7 is
probably due to the high amounts of Fe concentration in these treatments. The
antagonistic effect of Fe causes a decline in phosphorus concentration in leaves and then,
Zn concentration is increased because of its reverse relation with phosphorus
concentration (Bilsborough, 1993). Treatment 7 caused the highest increase in fruit set
percentage, statistically. Other treatments showed a lower percentage of fruit set, the least
percentage of fruit set was also allotted to treatment 1, statistically, which is the control
treatment. The increase of Zn concentration in treatment 7 is probably due to the high
amount of Fe concentration in these treatments. The antagonistic effect of Fe causes a
decline in phosphorus concentration in leaves and then, Zn concentration is increased
because of its reverse relation with phosphorus concentration The physiological roles of
auxins have many implications in plant growth, such as cellular elongation and fruit
development (Amarjit, 2004). In a number of species, including citrus, apples, pears and
peaches, fruitlet and fruit set can be reduced or prevented (Amarjit, 2004). So, treatment 7
caused an increase in Fe and Zn concentration in leaves which increased fruit set.

Treatment 9 caused the highest increase in total sugar percentage of fruit,
treatment 7, has statistically the same place as treatment 9, other treatments showed a
lower percentage of sugar in fruit, the least amount of sugar in fruit was also allotted to
treatments 2 and 3, statistically, which are FEEDDHA treatments. Iron has been shown to
have an important role in the photosynthesis in plants (Archer, 1985; Nijjar, 1990;
Zarrinkafsh, 1992) and sugar is the main product of photosynthesis. Injection of a solution
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containing FeSO,4 with acidic pH into the trunk of tree, not only supplies enough amounts
of available Fe for photosynthesis, but also improves absorption and translocation of other
nutrient elements such as zinc, copper, manganese and phosphorus by reducing the pH of
sap (Taiz and Zeiger, 1998).

Weight and lenght of fruit and stone, fruit weight, number and length of spathe,
Brix, TSS, pH and reducing sugar showed no statistical differences in different
treatments. Similar results were reported by Ahmed et al. (1987).

CONCLUSIONS

A precise 1nvest1gat10n on obtained results showed that in most cases, injection of
25 g FeSO, tree” caused the best results although the other methods and levels of iron
fertilization showed similar results in some cases. Totally, the most desirable effects were
seen in the injection treatments, but the treatment with 25 g FeSO, tree”' can be the best
recommendation because it showed the best results. It is necessary to say that injection of
a solution with a zero concentration of FeSO4 did not cause any good results and was
often similar to the control treatment, statistically. In the injection method, destination
parts of the plant such as leaves, receive fertilizers solution regardless of soil CaCo;
content. Soil surface application of Fe-EDDHA appeared as an improper fertilization
method and allotted the lowest grade to itself, as well as the control treatment. In the
recent method, fertilizers mainly remain unusable on the soil surface, whereas, nutrients
should be present near the root to be absorbed more efficiently.
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Tables

Table 1. Effects of treatments on yield and yield component.

Treatment No 1 2 3 4 5 6 7 8 9
Yield (kg tree-1) 36.63b 34.15D 36.97b 33490 34610 35.6b 41.8a 37.20b 34.04Db
Brunch eight (kg) 3.12 bc 3.38 abc 301c 3.56 ab 378 a 3.13bc 371 a 3.25bc 3.18 bc
Fruit weight (g) 4.46 a 4.68 a 491a 4.80a 4.93a 459 a 5.22a 4.68 a 4.58a
% fruit set 4742 c 52.57 ab 48.59b 48.58 b 54.25a 51.49b 5434 a 52.44 ab 52.66 ab
Fruit diameter (mm) 17.10 ¢ 1738 bc  17.77abc  17.83 bc 18.16 ab 17.05¢ 18.21 a 17.76 abc  17.49 abc
Stone diameter (mm)  5.978 ab 6.032 ab 6.133 a 5.863b 6.059 ab 5.993 ab 6.054a 6.141 ab 5.908 ab
%sugar 74.2 ab 65.24 b 67.71 b 74.46 ab 71.77 ab 65.51b 73.97ab 69.75 ab 81.62

a
Number of spathes 13.90 a 13.70 a 14.50 a 14.00 a 13.80 a 14.10 a 1430 a 13.80 a 13.90 a
Spathe length (cm) 39.15a 37.85a 36.90 a 3935a 38.55a 37.95a 3735a 38.85a 3795a
Spathe width (cm) 8.85 ab 9.02 ab 8.48Db 8.81 ab 8.48b 8.82b 9.12a 8.80 ab 9.00 ab
Trunk perimeter (m) 1.63 ¢ 1.73 ab 1.70 be 1.70 be 1.73 ab 1.73 ab 1.78a 1.63 ¢ 1.80 a
Leave length (m) 3.228b 3.338ab 3.289 ab 3.335ab 3.335ab 3.229b 3.389a 3371 a 3.369a
Leaflet length (cm) 41.71 be 42.90 ab 42.93 ab 42.26 b 42.58b 40.62 ¢ 43.90 a 4391 a 41.72 be
Thorn length (cm) 7.08 b 7.68 a 7.41 ab 7.52 ab 7.43 ab 7.16 b 7.65a 7.48 ab 7.49 ab
%N (leave) 1.27 a 1.10 b 1.19 ab 1.19 ab 1.22 ab 1.139 ab 1.19 ab 1.23 ab 1.16 ab
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Abstract

Date palm is considered as the first crop in Oman in terms of number and
distribution. Extra attention has been given to the tree by farmers and governmental
agencies. The religious and social deep-rooted heritage enhanced its economic,
nutritional and environmental benefits.

In the year 2007 the number of date palms reached about 8 million,
producing about 261,000 tons, 13% more than the 2004 production. About
5.1 million trees (64%) produce table dates and 2.9 million produce dates for
manufacturing. Date palm covers about 50% of the total agricultural land;
representing 83% of fruit trees land in the Sultanate. Oman has more than
250 species of dates, some of good quality, commercial value, maturing date, nature
of consumption and usage, diseases’ resistance and yield. Some species are better
than many well-known internationally; each area has its own best species.

Local human consumption of dates was estimated, during 2007, at about
132,000 tons, animal feed was about 53,000 tons. Average annual exports were
9,000 tons. There is a surplus of about 67,000 tons that can be processed for
consumption or export, 30,000 tons of which are table dates.

Oman has given important attention and care to the tree related to applied
scientific research, extension, development and investment. That included
specialized research programs, improving production, tissue culture propagation,
best agricultural practices, integrated pests management, gene banks, processing,
marketing, storage, capacity building, and promoting date palm and its products.
The Ministry of Agriculture (MoA) put a national strategy to improve date palm
aimed to maximize economic, water use, social, and environmental returns on both
the household and national levels. It contained an investment attitude based on the
optimum benefit from all economical products of the blessed tree, using the up to
date techniques available towards sustainable development. Recently His Majesty
the Sultan issued an order to plant one million trees. The efforts are continuing to
implement the order on comprehensive vision based on what is on the ground and
what the future should be.

This article presents the role of the Agriculture and Fisheries Development
Fund (AFDF) in supporting the efforts of maintaining and developing the tree
during the last 5 years and those coming, and economic remarks on the optimum
benefits from growing date palm in the Sultanate of Oman and future prospects.

INTRODUCTION

Date palm is considered as the first crop in Oman in terms of number and
distribution. Extra attention has been given to the tree from the farmers and governmental
agencies. The religious and social deep-rooted heritage enhanced its economic, nutritional
and environmental benefits. The Arab region is the first in terms of number of trees and
production of dates worldwide, the Sultanate of Oman is one of the most caring countries
having environmentally comparative advantages to produce distinguished varieties of
dates.
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DISCUSSION

Distribution of Date Palm in Oman

Table 1 shows estimations for the number of date palms according to Areas or
Governorates, percentage to total during the period 2004-2008. Oman has about
6.5 million trees (productive female) producing an average of about 254,000 tons of
dates. The production of 2008 grew by 36,000 tons (13%) more than 2004. AlBatinah is
the biggest area in number and production; about 2.8 million trees (43% of the total)
produce about 111 thousand tons, 44% of the total. AlSharqiya area came second in the
number of trees, about 1.4 million (21% of total) and third in production, 43,000 tons
(17%), while AlDakhliyah came second in production, 50,000 tons (20%) and third in
number of trees, about 952,000 (14% of the total). These indicators need to be considered
for any development programs or new future expansions.

The Most Productive Willayats

Table 2 shows the top ten Willayates producing dates, out of 61 Willayats for the
period 2006-2008. During the years 2007 and 2008 Simail (AlDakhliyah) was the first,
producing an average of about 21,700 tons (13.7%), Barkaa (AlBatinah) came second, it
was the second during year 2006 and produced 21,600 tons (13.70%) despite the fact that
they were so close. Ibri (AlDhahira) came third, producing an average of 18,800 tons of
dates (12%). Tow Willayats, Nezwa and Simail, where in AlDakhliyah while six where in
AlDakhliyah area.

The average total production of the top ten Willlayats for those three years, about
158,000 tons, represents about 60% of Oman’s average total production (262,144 tons).
This reflects the comparative advantages of each area and specific Willayat in date palm
production and consequently reflects the appropriate environmental conditions and the
best agricultural practices applied by farmers to produce efficiently.

The Highest Production Omani Varieties

Oman produces some of the best varieties of dates in the region. Some studies
mentioned that there are more than 250 varieties (Ministry of Agriculture, 2003) while
others mentioned that Oman has about 180 varieties (FadelAllah, 2003). Some of these
varieties are excellent in their human nutrition and marketing values, others are good for
animal feed or processing. The quality of dates depends on nutritional value, shape, time
of ripeness, yield and productivity, age of first production, pests’ resistance and
environmental tolerance, purpose of consumption, and other criteria.

Generally date palms have been grown in most areas. Some references divide
Oman into two main environmental areas, the coast which contains AlBatinah, Sur,
Qurayyat and Msandam, the second is AlDakhliyah which contains ArRustaq, Nakhal,
Samayiel, Finja, Izki, and other interior areas and AlDhahira, al Buraymi and
AlSharqiyah. These two areas are relatively of different environments and each has its
suitable varieties. Table 3 shows the top ten productive varieties during three years, 2006
to 2008. The ‘UmSala’ variety came first, producing an average of more than 35,000 tons
(19% of total) during that period. ‘Mibsily’ came second, about 30,000 tons (16%),
‘Khsab’ came third, 27,500 tons (15%), ‘Nakhal’ (14%), ‘Fardh’, about 20,000 tons
(11%), “‘Shahal’, ‘Khlass’ and ‘Khnaizi’ came sixth, seventh and eighth respectively.

The more attention and care producers give to the high quality varieties,
nutritional value or shape and sizes preferred by consumers, in addition to best packing
and postharvest practices, the more profit they get. Each factor contributes to achieving
best marketing value and then the highest sale prices. A clear strategy needs to be built on
continual evaluation of local varieties and using the best imported varieties in any
expansion in the area or new farms to be established. Local and international demands,
especially high value international markets, mainly Europe, should be considered in such
expansions. A promotion plan for the local high quality varieties, as part of an efficient
comprehensive marketing plan, is important. These fine products and their criteria need to
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be introduced to all consumers on scientific bases.

Usage of Date Palms

Date palm growers, ranchers and farmers generally are working hard to make use
of all market valued products of the tree. Local human consumption of date was
estimated, during year 2008, at about 134,000 tons, animal feed was about 55,000 tons.
Average annual exports were 7,000 tons. There was a surplus of about 71,000 tons; about
40.6 thousand tons can be processed and about 30.4 thousand tons are suitable for human
consumption as table dates. These quantities need to be subject of developmental projects.

Productivity of Date Palm

After all, economic efficiency on a sustainable base is the ultimate goal of any
production system. It should be the main objective of any decision maker to maintain the
growing that crop. Many studies refer to the quality of date’s varieties as one of the main
elements, if not the most important one, that affects its marketing profitable prices, in
addition to the quantity of annual production of dates, to achieve economic profit.

Table 4 shows the average annual yield of date palms across the Sultanate areas
and governorates during the period 2004 to 2008. AlDakhliyah area was leading where its
trees average a yield reached about 51 kg per tree annually. AlBatinah and AlDhahira
each got about 41 kg per tree on average, Muscat and Braimi about 33 kg each, and
finally AlSharqgiya and Msandam trees produced about 30 kg in average each.

Although the Omani average yield was about 39 kg per tree, yield on the Willayats
level during the 2008 season showed another side of the picture. Nakhal Willayat
(AlBatinah) gave 104.2 kg per tree. Samail (AlDakhliyah) date palms produced an
average of 85.12 kg per tree. This is a good and promising productivity and one may
build on them. Wadi EIMaawil (AlBatinah) came third, producing an average of 64 kg
per tree, and then came Nezwa (AlDakhliyah) with about 61 kg per tree.

Because of the high current cost of production most yields, within 55-25 kg per
tree, are considered to be medium or low. Others, that go up to 65 kg, are acceptable
although there should be an institutional work to improve current productivity. Especially,
there are possible chances such as those of Nakhal Willayah (104 kg per tree) to be
consistent with the comparative advantages of the Sultanate and the high level of care that
has been given to the date palms.

There are many factors that affect the yield of date palm, mainly variety, age,
irrigation system, environmental conditions, type, quality and timing of agricultural
operations and some other minor factors. Special attention needs to be given to the
irrigation systems and their economics because of the common water limitations, high
costs of water, and the technical and economical efficiency of modern irrigation, which
are improved by many scientific studies, related to date palm production. Although there
are some previous studies related to Omani date palm, there is a serious need to
continually update those studies and doing new comprehensive technical-economical
feasibility studies for modern irrigation systems and their use on different important crops
including date palm.

Role of AFDF

Oman has given important attention and care to the tree related to applied
scientific research, extension, development and investment. That included specialized
research programs, improving production, tissue culture propagation, best agricultural
practices, integrated pests management, gene banks, processing, marketing, storage,
capacity building, and promoting date palm. The Ministry of Agriculture has a national
strategy to improve date palm aimed to maximize economic, water use, social, and
environmental returns on both the household and national levels. It contained an
investment attitude based on the optimum benefit from all economical products of the
blessed tree, using the up-to-date techniques available towards sustainable development.
Recently His Majesty the Sultan issued a decree to plant one million trees. The efforts are
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continuing to implement the decree in a comprehensive vision based on what is on the
ground and how the future should be.

The Agriculture and Fisheries Development Fund (AFDF) is supporting the efforts
of maintaining and developing the tree during the last 5 years and those coming. The
AFDF financed 19 developmental projects. The projects have cost more than 4 million
Omani Riyal (about US$ 10.5 million). They dealt with research, extension, IPM,
introducing new techniques, modern irrigation systems, and other development aspects.
Many technical and socio-economic achievements are recorded. New promising projects
are coming.

Million New Date Palms

Adding a million new date palms will affect the future of the tree and its
contribution to the agricultural system and economy in addition to the environmental
system of Oman. Farmers, workers and investors as producers will make benefits also
consumers, consequently, will gain via products biodiversity, better quality, and price
stability and reduction. Also the Gross National Income will be positively affected and
the trade balance through exports and new markets. The date industry in general will
benefit with the implementation of the decision built on a comprehensive technical and
economic feasibility study.

The technical parts related to the selection of appropriate locations which have
qualified infrastructure, a complete soil analysis, using its results to build the nutrition
program, insuring availability and quality of irrigation water for adequate long time use as
a base to select the optimum modern irrigation system. The number of qualified workers,
their level of experience, and sustainability to insure continued best agricultural practices
during its productive age making use of growing experiences. It is crucial to depend on,
even to some extents, local labor and employ Omani capacities especially youth and
women as much as possible. The technical and practical capabilities of local workers will
insure his/her sustainable ability to apply the best adopted new modern techniques in the
new farms.

Using machinery, as much as possible and needed, in the production process or
postharvest, needs to be built on a national strategy taking into account actual needs,
available resources and previous experiences, and a level of knowledge or ability of
related beneficiaries. An appropriate technology means technically possible,
economically feasible, and socially acceptable to be adapted to suit local environment
conditions.

Best varieties have to be carefully selected to meet local and international markets
requirements. It is better to focus on limited best local varieties which pass
comprehensive evaluation and new imported promising varieties not to spread shallow
losing concentration on economically valuable ones.

Financial and Economic Considerations

The social and religious care of the blessed tree in Arab society may cause
underestimation of some, or most, financial and economic components of the growing
date palm project despite their clear importance to the producers. It is critical to draw an
implementation plan standing on reliable financial information. An accurate primary
source of financial information, mainly the cost system, is very important and may change
the whole picture. Producers have to be aware of some of the basic financial issues such
as, statement of cash flow (developed from the income statement and balance sheet),
required working capital, assets, income and net income. Also he/she needs to learn a bit
about cost, depreciation, market and book value, profitability ratios, clear edge and details
for all economic components of the project, its timing, risks and uncertainty, and expected
returns.

Date palm economics in Oman have a significant shortage in availability and/or
updating its data-base, mainly all kind of costs, expected returns and economic profit
from that agricultural activity. Costs are usually related to the size of farms, varieties,
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agricultural system and production techniques including level of machinery, irrigation
system, and postharvest services. There are additional critical costs, usually affecting the
sustainability of such an activity of planting a million new palms, such as the cost of
processing dates, their products, and other products of the palm. Date palm is a multi-
benefits crop; all of it can be of market value contributing to the economic profit function.

Suggested Cost Structure

Limited published reports and studies focused on costs and returns of date palm
production in Oman, either area or tree base. In the year 2000 a study showed that the
average cost of one feddan was about 354 Omani Riyal (US$ 920). The highest average
cost was for AlSharqgiyah area, 381 OR (US$ 991), the lowest at Msandam, 233 OR
(606 US$). AlBatinah area got the same average as the Sultanate. There is a project to
update that study.

One of the common methods of costs reporting is to calculate the actual cost of a
selected sample of farms that have approved book keeping as part of their accounting
system within a certain period of time. Direct reporting of expenditures and returns at
their time, for appropriate time series, is another method. A third way is to use
documented cost-benefit data from an investment company or specialized research
institute and readjust their elements according to the local conditions.

Costs structure shall contain fixed costs such as cost of land, its rent, and
constructions such as offices, housing, services, fences, wells and water reserves,
irrigation system pipelines, seedlings, all can be calculated as annual depreciation. Costs
of agricultural machinery, tools, pumps, sprayers, generators, and other equipments all
can be calculated on annual deprematlon using the common methods of calculations
depending on their productive age and cost. Cost of permanent staff is part of fixed costs
as well.

Operation or variable costs, that are required to provide production inputs, such as
fertilizers, pesticides and herbicides, fuel, electricity, pollination if not available on farm,
sacks, maintenance and spear parts, temporary workers wages, and any other variable
costs. All technical specifications of the project components need to be taken care of in
order to reach an acceptable cost estimation close to the reality.

Marketing

Arab countries produce about 73% of the global date production in the year 2008,
which was about 6.4 million ton. Only 2.3% of the production of the year 2002 was
exported. Although Asian countries imported 70% of world trade, its value was about
36% of the total market value, in average of US$ 345 per ton, while European countries
imported 13% of marketed dates with a value that reached 46% of the total sales, in
average US$ 1760 per ton (Oihabi, 2009).

Although Omani dates exports were so small for the last three years, 2.33, 4.10,
and 9.33 thousand tons valued 175.66, 181.70, and US$ 269.85 million for the years
2005, 2006, and 2007 respectively, in annual average 3.29 thousand tons at US$
4.62 million, they can still be improved in quantity and quality to enter the international
market, mainly Europe, if the suitable varieties are produced and marketed properly.

Pilot Project

It is recommended to implement a commercial agriculture production project built
on a technical and economical feasibility study via three stages. It starts with a large scale
applied research model, especially in case of unavailability of updated comprehensive
research recommendations issued by related research centers of the country for that
specific location and that main crop and other crops required for suitable crop rotation.
Then a pilot project that makes use of research results can simulate commercial project
techniques and then there is a third stage of commercial project building based on results
of the two previous stages and developing the components of the feasibility study of the
project. This concept helps in successful performance for many practical reasons which
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are not the subject of this article.

To implement a project of a million new date palms in Oman, the feasibility study
may benefit from good research and investment experiences either in Oman or
neighboring countries. Decision makers may start with the second stage, the pilot project.
Establishing a “Model Farm” in selected areas using a full technical package, including
top varieties, either suitable for human consumption or processing, modern irrigation
system, latest appropriate technologies, adopting best agricultural practices with efficient
qualified management that coordinates all efforts of researchers, extension experts,
farmers, and investors within an integrated program.

The expansions in areas and numbers of farms should be according to a suitable
time frame depending on results and achievements. The work can be done in two ways
one for new farms while the second towards replacement of some current nonproductive,
inefficient, and low quality and quantity farms.

The study needs to pay special attention to the marketing, processing of dates,
their products and other products of the tree, and all postharvest alternatives and
requirements. Also the study may refer to organic production of dates.

The private sector, either people involved in the business now or newcomers, has
to be encouraged to participate in such a project in one way or another. The bulldup of
experience is crucial in agro-business and in date palm production the importance is of no
doubt.

SUMMARY AND RECOMMENDATIONS

1) Oman has about 6.5 million date palms, productive females, across the Sultanate
producing about 267,000 ton of dates annually some of high quality varieties.

2) Oman is giving important attention to the tree built on a comprehensive national
strategy related to applied scientific research, extension, and investment towards
sustainable development.

3) The AFDF financed 19 developmental projects costing about US$ 10.5 million. Many
technical and socio-economic valuable achievements are recorded. New promising
projects are coming.

4) Although the Omani average yield was about 39 kg per tree, some Willayat, such as
Nakhal gave 104.2 kg per tree and Samail gave 85.12 kg per tree in the year 2008.
There should be an institutional work to improve current productivity.

5) Although Omani dates exports were so small for the last three years, 3.29 thousand
tons valued US$ 4.62 million, they can still be improved in quantity and quality to
enter the international market, mainly Europe.

6) Date palm economics have a significant shortage in availability and/or updating the
data-base, mainly all kinds of costs, expected returns and economic profit from that
agricultural activity.

7) Adding a million new date palms will affect the future of the tree and its contribution
to the agricultural system, economy, and the environmental system of Oman.

8) The million new date palms project may be built on a technical and economical
feasibility study via three stages. Starting with large scale applied research model,
then a pilot project that makes use of research results and simulates commercial
project techniques, then a third stage of commercial project building on results of the
two previous stages and developing the components of the study.

9) The expansions in areas and numbers of farms should be according to a suitable time
frame depending on results and achievements.

10) There are many factors that affect the yield of date palm, mainly variety, age,
irrigation system, environmental conditions, type, quality and timing of agricultural
operations and some other minor factors.

11) Special attention needs to be given to the irrigation systems and their economics
because of the common water limitations, high costs of water, and the technical and
economical efficiency of modern irrigation, which are improved by many scientific
studies, related to date palm production.
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12) Although there are some previous studies related to Omani date palm, there is a
serious need to continuously updating those studies and doing new comprehensive
technical-economical feasibility studies for modern irrigation systems and their use on
different important crops including date palm.

13) The study needs to pay special attention to the marketing, processing of dates, their
products and other products of the tree, and all postharvest alternatives and
requirements. Also the study may refer to organic production of dates.

14) The private sector, either people involved in the business now or newcomers, has to
be encouraged to participate in such a project in one way or another. The bulldup
experience is crucial in agro-business and in date-palm production the importance is
of no doubt.

15) Continued support to applied scientific research is required to improve its
mechanisms and sustain its results. The sector needs more coordination between
researchers, related beneficiaries, extension agencies, and investors to apply and
evaluate the suitable achieved results.

16) It is important to strengthen date palm producers and traders via institutionalizing
their work. A national electronic network may start the coordination to reach the
appropriate organization shape making use from related pioneer experiences in the
Sultanate and the region.
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Tables

Table 1. Number of date palm distribution (2008), production of date (period 2004-8) in Oman*.

Area Production during years (ton) Date palms 2008
2004 2005 2006 2007 2008 Av.5years  Prod. No. %

AlBatinah 105929 112095 113957 111216 111407 110920 44 2817190 43.43
AlDakhliyah 44006 47580 51414 52554 54497 50010 20 1397010 21.35
AlSharqgiya 37295 40426 42592 46284 48920 43103 17 052428 14.68
AlDhahira 29516 36327 35604 35401 27136 32797 13 550545 8.48
Muscat 10283 10935 10780 10795 11574 10873 4.3 338674 5.22
Msandam 3874 4044 4258 4428 4521 4225 1.6 265012 4.08
Braimi -- -- -- - 8704 - - 144381 2.22
Dhufar 132 132 132 132 132 132 0.05 21388 0.03
Total 231035 251538 258738 260810 266893 253803 6486628
* Reference: Ministry of Agriculture-Sultanate of Oman Production of Dates Report 2007and 2008.
Table 2. Top ten most productive willayats for the period 2006-2008 in Oman (ton)*.

. Production (ton) Average % of
sq  Willayat Area 3006 2007 2008 3 years total
1 Simail ~ AlDakhliyah 20779 21660 22686 21708 13.75
2 Barkaa AlBatinah 23755 21071 20023 21616 13.70
3 Ibri AlDhahira 19226 18535 18632 18797 11.91
4  Mudhabi  AlSharqgiyah 16506 16863 20408 17926 11.36
5 AsSuwayq AlBatinah 16572 16800 16844 16739 10.60
6 Sohar AlBatinah 13241 13875 14362 13826 8.76
7 Nezwa  AlDakhliyah 12975 12553 12465 12664 8.02
8 Nakhal AlBatinah 12408 11507 12078 11998 7.60
9 Musnaa AlBatinah 11102 11221 10859 11061 7.01
10 Khaborah  AlBatinah 9087 9506 9827 9473 6.00
Total 157657 155598 160192 157816

94!

* Reference: Ministry of Agriculture-Sultanate of Oman Production of Dates Report 2007 and 2008.
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Table 3. Top ten most productive varieties during the years 2006-2008 in Oman (ton)*.

Variety

w
Q2

Production of dates during years (ton)

Average 3 years

% of total

2006 2007 2008
1 UmSal 34991 35465 35218 35225 19
2 Mibsily 30095 29698 31175 30323 16
3 Khsab 27472 27181 27944 27532 15
4 Nakhal 27603 25069 24639 25770 14
5 Fardh 19475 18956 20482 19638 11
6 Shahal 11900 12258 12602 12253 7
7 Khlass 12353 12134 12658 12382 6.7
8 Khnazi 11263 11135 11264 11221 6
9 Madloki 5594 4896 5152 5214 2.82
10  Misly ** irny 5068 4852 5056 4954 2.7
Total 185814 181644 186190 184549

* Reference: Ministry of Agriculture-Sultanate of Oman Production of Dates Report 2007 and 2008.

Table 4. Average date palm yield (kg of date) across the willayats (Period 2004-2008)*.

sq Area Annual Productivity (kg per tree) Average
2004 2005 2006 2007 2008 5 years

1 AlDakhliyah 46 45 54 55 57 51.4
2 AlBatinah 38 50 40 39 39 41.2

3 AlDhahira 36 32 44 43 49 40.8
4 Muscat 30 39 32 32 34 33.4
5 Braimi - - - - 33 33

6 AlShargiyah 27 28 30 33 35 30.6

7  Msandam 27 29 29 31 31 29.4

8 Dhufar 6 6 6 6 6 6
Average/Oman 35 39 40 39 41 38.8

* Reference: Ministry of Agriculture-Sultanate of Oman Production of Dates Report 2007 and 2008.
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Abstract

The present study was conducted in order to extend the harvest season and to
maintain fruit quality for better marketability of ‘Barhee’ date palms growing in
Riyadh in Saudi Arabia. Palms were treated by preharvest foliar sprays at the
hababouk stage and at the beginning of fruit color break with 10 ppm from a new
cytokinin related substance (CPPU or N-(2-chloro-4-pyridinyl)-N’-phenyl urea),
known as cytofex, 8 mM putrescine (Put) and 50 ppm each of GA3;, NAA, benzyl
adenine “BA” and salicylic acid “SA”. The harvest date was delayed by one month
with NAA and GA3, three weeks with Put and SA, and by two weeks with CPPU and
BA from the commercial harvest date. All treatments decreased skin color intensity
and carotenoids content and increased acidity as compared with the control. The
fruits turning to the postharvest rutab stage during storage at 0°C and 85-90% RH
were reduced by all treatments. The GA;, NAA and Put treatments had a
significantly higher effect in extending the shelf life and decreasing the fruit weight
loss percent than the other treatments. It is concluded that the sprayed growth
regulators had a positive influence on extending the harvest season and the shelf life
of ‘Barhee’ dates without any deterioration in fruit characteristics before and
during cold storage.

INTRODUCTION

Date palm fruits (Phoenix dactylifera L.) are highly demanded and consumed
throughout the world, especially in the Middle East. According to FAO (2009), Saudi
Arabia is considered the third country of the top ten date producers (982,546 tones). A
small quantity of certain date cultivars (such as ‘Barhee’) are harvested and consumed at
the khalal stage when they reach full maturity (partially-ripe) and are yellow, pink, or red
in color (according to the cultivar). In this stage these cultivars are less astringent than
other cultivars that are only harvested when they are fully ripened and are yellow, pink, or
red in color. However, once ripened, these cultivars have a short shelf life (Hong et al.,
2006). In the mean time, dates consumers are looking for fruits with greater color and
bigger size. The small fruit size of ‘Barhee’ dates is another limiting factor that influences
its marketing. Thus; it would be beneficial to improve quality characters and to prolong
the khalal stage of these cultivars in order to expand their marketing ability. Plant growth
regulators play an important and major role in regulating fruit growth and development.
Some of these substances are used in controlling ripening of dates as well as improving
the fruit quality, which act for increasing the income and the revenues of farmers. NAA
was found to increase fruit size, weight and delayed ripening of dates (Aljuburi et al.,
2000; Aljuburi et al., 2001; Aboutalebi and Beharoznam, 2006). Also, GAj; increased fruit
weight, and delayed fruit ripening (Moustafa and Seif, 1996). Benzyl adenine and cytofex
increased the fruit size and delayed chlorophyll breakdown and fruit aging (Stern et al.,
2006). Polyamines, mainly diamine putrescine (Put), triamine spermidine (Spd) and
tetraamine spermine (Spm), are polycationic compounds of low molecular weight that are
present in all living organisms. They have been proposed as a new category of plant
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growth regulators that are purported to be involved in a large spectrum of physiological
processes, such as embryogenesis, cell division, morphogenesis, and development (Liu et
al., 2007). In addition, putrescine was found to retard color change and decrease firmness
loss, delay ethylene production and respiration rate (Martinez-Romero et al., 1999; Valero
et al., 1999), which resulted in reducing senescence rate after harvest (Martinez-Romero
et al., 2002). In addition, salicylic acid was reported to retard ethylene synthesis (Leslie
and Romani, 1988). Also, it has been recognized that salicylic acid is required in the
signal transduction for inducing systemic acquired resistance against some pathogenic
infections (Vernooij et al., 1994). Sayyari et al. (2009) indicated that salicylic acid
improved fruit quality during cold storage of pomegranate.

In accordance to the previously mentioned, the present study was conducted in
order to investigate the effect of spraying NAA, GAs, cytofex (CPPU), putrescine (Put),
benzyl adenine (BA) and salicylic acid (SA) on improving fruit quality of ‘Barhee’ dates
before and during cold storage.

MATERIALS AND METHODS

Plant Materials and Treatments

The present study was conducted during the 2008 and 2009 seasons at the
Research and Agricultural Experimental Station at Dirab, King Saud University, Saudi
Arabia on ‘Barhee’ date palms (Phoenix dactylifera L.). The palms were planted 1010 m
apart and subjected to the same cultural practices usually done in the orchard. Organic
manure, calcium super phosphate and potassium sulfate were applied in December of
each season at the rate of 15, 1 and 1.5 kg per palm, respectively. Also, ammonium nitrate
at the rate of 3 kg/palm was applied at three equal doses; mid-February, mid-April and
mid-May of each season. Eleven palms were selected as uniform as possible and bunches
were pollinated from the same male palm tree. Bunches were sprayed at both hababouk
and the beginning of fruit color break stages with gibberellic acid (GAj3), naphthalene
acetic acid (NAA), putrescine (Put), salicylic acid (SA), N-(2-chloro-4-pyridinyl)-N’-
phenyl urea (CPPU, ‘cytofex’) and benzyl adenine (BA). Palms were subjected to seven
foliage treatments with three replicates per treatment and three bunches for each replicate
(i.e., 7 treatments X 3 replicates % 3 bunches = 63 bunches on 11 palm trees). Treatments
arranged in a complete randomized design were as follows: 1) water only (control), 2)
NAA (50 ppm), 3) GA; (50 ppm), 4) cytofex “CPPU” (10 ppm), 5) PUT (8 mM), 6) BA
(50 ppm) and 7) SA (50 ppm).

The surfactant Nourfilm (produced by Alam Chemica Co.) at the rate of
40 cm/100 L water was added to all sprayed substances in order to obtain the best
penetrating results and bunches were sprayed once in the early morning. In order to
determine the effect of the different treatments on fruit physical and chemical
characteristics, a sample of ten strands were randomly collected from each
bunch/replicate during both seasons at the commercial harvest date when the control
fruits reached full maturity and yellow color.

Physical Properties

Fruit physical properties were determmed at harvest; fruit and pulp weight (g),
fruit diameter and length (cm), fruit volume (cm’). Also, ground fruit color (assessment of
color change) was estimated by giving five degrees of color stage as follows; (1) = 100%
green, (2) = 25% yellow (3) = 50% yellow, (4) = 75% yellow and (5) =100% yellow.
Fruit skin color in the ‘Barhee’ cultivar was assessed visually and recorded on a scale
from 0 (no color change) to 5 (complete change).

Chemical Properties

Fruit chemical properties were determined at harvest; the percentage of total
soluble solids was measured by a hand refractometer, acidity (%) was determined by
titration according to AOAC (1995), Carotenoids and total chlorophyll contents
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(mg/100 g peel fresh weight) were achieved by the method of Moran and Porath (1980),
as 80% acetone extract was colorimetrically assayed at 650 nm, for total chlorophyll and
440 nm for carotene using a spectrophotometer and the percent of reducing, non-reducing
and total sugars were determined according to the method of Malik and Singh (1980).

Storagability

To study the effect of the different treatments on fruit storage ability and shelf life,
a second fruit sample of 25 strands was randomly collected from each replicate when
every treatment reached full maturity and yellow color and harvest date for each treatment
in both seasons was recorded. Strands were kept at 0°C and 85-90% relative humidity for
45 days and the incidence percentages of fruit rutab, decay and weight loss were
determined every 15 days during the cold storage.

Statistical Analysis

Data obtained were subjected to analysis of variance (ANOVA) to detect the
treatment effect. Mean separation was performed by using the least significant difference
(LSD) at the p<0.05 level. The data were analyzed using a statistical analysis system
(SAS, 1990).

RESULTS AND DISCUSSION

Fruit Physical Characteristics

Data obtained in both seasons are presented in Table 1. All sprayed substances
(except SA) significantly increased fruit weight, diameter, length and volume and pulp
weight when compared with the control. GA3 and Put sprays resulted in a significantly
higher effect in increasing fruit weight, length and volume and pulp weight than NAA in
the first season with no significant difference between them. However, in the second
season no significant differences were obtained among the NAA, GA;, CPPU, Put and
BA treatments. In the mean time, fruit diameter did not significantly differ among the
previously mentioned compounds in both seasons. In addition, data of both seasons
showed a marked delay in the fruit green color break by all sprayed compounds as
compared with the control. Fruit green color break was significantly lower by NAA than
BA and CPPU sprays in the first season. Moreover, no significant difference between BA
and CPPU on the one hand and between NAA, GAj3, Put and SA treatments on the other
hand was found. In the second season, the NAA and SA had a significantly higher effect
on retarding fruit green color break than BA, Put and CPPU with no significant
differences between BA, putrescine and cytophex on the one hand and between NAA,
GAj; and SA on the other hand was obtained.

In general, the data obtained in our study showed that all sprayed growth
regulators had positive influences in increasing fruit weight, diameter, length and volume
and pulp weight and retarded fruit green color break of ‘Barhee’ dates. This increment in
fruit physical characteristics was also reported by numerous investigations working on
different fruit trees (Aljuburi et al., 2000, 2001; Stern et al., 2006; Aboutalebi and
Beharoznam, 2006). The improvement in fruit physical properties as a result of the
different growth regulators treatments might be due to their influence in enlarging the
cells’ size and enhancing the strength of carbohydrate sink, thus increasing fruit size and
weight. Similarly, Valero et al. (2002) and Liu et al. (2007) reported that polyamines are
essential for cell growth and differentiation and their intracellular concentrations increase
during periods of rapid cell proliferation. Also, the role of putrescine in delaying fruit
color break was reported by Serrano et al. (2003) and Martinez-Romero et al. (2002).
Benzyl adenine and cytofex sprays were found to delay chlorophyll breakdown and fruit
aging (Stern et al., 2006).

Fruit Chemical Characteristics
The effect of the various treatments on fruit chemical parameters at harvest are
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presented in Table 2. The data obtained showed that fruit acidity was significantly
increased by spraying NAA and SA (in both seasons), Put (in the first season) and GA3
(in the second season) when compared with the unsprayed control. No significant
difference was obtained among the previously mentioned treatments during both seasons.
In addition, fruit chlorophyll increased significantly with all treatments during both
seasons. Spraying SA had a significantly higher effect in increasing the fruit chlorophyll
content than BA and cytofex in the first season only, whereas, no significant difference
was obtained among SA, NAA, GA; and Put. In the second SA and NAA had a similar
and higher effect in increasing peel chlorophyll content than BA, cytophex and putrescine
with no significant differences obtained among the BA, cytophex and putrescine
treatments. A significant increase in the fruit non-reducing sugars was obtained by NAA,
GA3;, SA and Put sprays (in both seasons) and CPPU (in the first season), with no
significant differences found among the previously mentioned treatments during both
seasons. Total soluble solids content decreased by NAA, SA and putrescine sprays (in
both seasons) and GAj; (in the second season) as compared with the control, with no
significant difference obtained among the previously mentioned treatments during both
seasons. Moreover, the fruit reducing sugars also decreased with all treatments (except
BA) during both seasons with no significant differences obtained among them in the first
season. However, in the second season the highest decrease of reducing sugars content
was obtained by SA sprays. In addition the NAA, Put, GA; and CPPU treatments showed
no significant difference among them in the second season. Fruit total sugars were
decreased by spraying NAA, SA, CPPU and Put in both seasons and by GAj; in the first
season. In the mean time, all sprayed substances decreased the fruit carotene content in
both seasons as compared with the water sprayed control.

The high increase in fruit acidity, non-reducing sugars and total chlorophyll and
the decrease in fruit TSS and carotene contents obtained in our study by NAA, GAj3 and
CPPU application might translate their influence in retarding the fruit ripening process as
mentioned before by (Moustafa and Seif, 1996; Aljuburi et al., 2000) working on date
palm fruit. Similarly, the role of putrescine and salicylic acid in delaying fruit ripening
was indicated. The main effect of putrescine is lowering the ethylene production and
respiration rate as well as inducing mechanical resistance (Martinez-Romero et al., 2002).
Salicylic acid was reported to activate the metabolic consumption of soluble sugars to
form new cell constituents as a mechanism for stimulating plant growth, and might also
be assumed to inhibit the polysaccharide-hydrolyzing enzyme system and/or accelerate
the incorporation of soluble sugars into polysaccharides (Akhodary, 2004). The
previously mentioned might be leading factors to the role of salicylic acid in retarding
fruit ripening.

Harvest Date and Storagability

The effect of different foliar sprays on fruit harvest date (ripe) in both seasons is
presented in Table 3. The ripening period was prolonged by 38, 30, 21, and 24 days for
NAA and GAj;, SA and Put sprays, respectively, as compared with the water sprayed
control. CPPU had a moderate effect on delaying fruit ripening, whereas BA delayed fruit
ripening by only 10 days in comparison with the control.

As for the effect of the different spray treatments on fruit storagability determined
as the percent of rutab incidence of fruits and weight loss in both seasons the results are
presented in Table 3. The data obtained showed that rutab percent during 45 days of
storage at 0°C and 85-90% RH was significantly reduced by all treatments. NAA resulted
in the lowest rutab percent, followed by GAj, Put, SA, CPPU and BA sprays. The storage
life of ‘Barhee’ dates treated with NAA was extended by 30 day without incidence of any
fruit rutab occurred, however, by 45 days the fruit reached a rutab percentage of 12.76
and 11.32 in the 2008 and 2009 seasons, respectively. Regarding the effect of the
different treatments on fruit weight loss during storage, the data in Table 3 revealed that
the percentage of fruit weight loss tended to decrease with all sprayed substances when
compared with the control. Weight loss is an important factor that limits postharvest fruit
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storage life (Adato and Gazit, 1974). Fruits going into ripening and senescence are mainly
characterized by disintegration of organelle structures, intensive loss of chlorophyll and
proteins, membrane leakage and breakdown of cell wall components leading to loss of
tissue structure (Paliyath and Droillard, 1992; Buchanan-Wollaston, 1997). Ethylene is
known to have a primitive effect on ripening and senescence processes (Abeles et al.,
1992). From the results above, decreasing fruit deterioration (reduction of rutab incidence
and weight loss) might be due the effect of the sprayed substances on regulating ethylene
production or action, and thus, slowing down fruit senescence. Polyamines are well-
known regulators of growth and differentiation and may compete directly with ethylene
for their common precursor S-adenosylmethionine, thus reducing or even nullifying
ethylene emission in the final days of fruit growth (Bagni and Torrigiani, 1992). Also,
putrescine application was found to reduce the activities of fruit softening enzymes in the
skin and pulp tissues (Khana et al., 2007). SA significantly maintained fruit firmness and
lowered fruit decay during cold storage (Wanga et al., 20006).

CONCLUSIONS

In general, this experiment showed the effectiveness of all preharvest treatments
on ‘Barhee’ date palm fruit quality, but SA, NAA, Put or GA; treatments were better than
CPPU or BA treatments. The preharvest NAA, GA; and SA treatments prevented fruit
rutab (softening) and decreased weight loss and TSS. These treatments can be easily used
instead of laborious postharvest treatments to improve ‘Barhee’ date palm fruit quality.
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Tables

Table 1. Effect of growth regulators on physical characteristics of ‘Barhee’ fruits during
the 2008 and 2009 seasons.

Fruit parameters

Treatment Weight Volume Length  Diameter Pulp Ground
(2) (cm?) (cm) (cm)  weight(g)  color
2008
Control 9.21, 8.804 2.484 2.04y 8.544 5.00,
NAA 12.68, 12.17pc 3.07hc 2.60, 11.38c 3.60.
GA;3 14.86, 14.63, 3.53, 2.65, 13.75, 4.00p
CPPU 13.90,p 13.50, 3.42, 2.72, 12.67 1 4.22y,
Put 14.47, 14.00, 3.48, 2.63, 13.83, 4.04.
BA 13.84, 13.33, 3.18u 247 12.704 4.40y
SA 10.80, 10.454 2.80c4 2454 9.814 4.004
2009
Control 9.97, 9.87, 2.93, 2.30. 8.98; 5.00,
NAA 13.60, 13.17, 3.37, 2.644 12.61, 4.024
GA; 13.86, 13.83, 3.33, 2.69a 12.84, 4.124
CPPU 14.90, 14.50, 3.42, 2.76, 13.67, 4.24y.
Put 14.17, 14.00, 3.60, 2.67a 12.83, 4.24y.
BA 15.34, 14.83, 3.38, 2. 71 14.03, 4.36y
SA 10.85; 10.85; 2.98, 2.49¢ 9.92, 4.064

Values within a column with the same letter are not significantly different (p<0.05).

Table 2. Effect of growth regulators on chemical characteristics of ‘Barhee’ fruits during
the 2008 and 2009 seasons.

Fruit parameters

o Reducing Non- Total Total
Treatment Acidity TSS reducing Carotene
(%) (%) sugars sugars sugars  chlorophyll (mg/100 g)
%) Gt G (mg0y)
2008
Control 0.31, 334, 21.64, 8.534 30.17, 2.944 8.47,
NAA 0.49 303, 18.38, 9.97 28.35p 5. 744 4.04,
GA; 0.43ac  31.8,c 1847, 9.68p 28.15p 4.86abc 3.75
CPPU 0.38,c 3224 18.704 9.69, 28.39%, 4.68hc 3.19,
Put 0.48., 2944  18.544 9.48hc 28.02y 5.38abe 3.74,
BA 0.38,c 33.6,  19.89 8.674 28.5641 4.28, 4.23,
SA 0.53, 3044  17.47, 10.78, 28.15 6.03, 3.29,
2009

Control 0.39, 32.8, 20.28, 9.23, 29.43, 2.18; 7.83a
NAA 0.58, 30.0,  17.63p 10.83,p 27.46p, 7.37, 4.761
GA; 0.61, 27.6,  17.57, 10.93, 28.40,, 6.15: 3.28;
CPPU 0.48, 31.9, 17.45, 9.74 27.1%, 4.83, 414,
Put 0.42, 284, 17.104 10.37 2747 4.87, 4.761
BA 0.42, 31.6,  18.17y 9.93bc  28.104 4.43, 5.48,
SA 0.63, 284,  14.93, 10.83,p 25.76, 7.86, 4.63c

Values within a column with the same letter are not significantly different (p<0.05).
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Table 3. Effect of growth regulators on harvest date, fruit rutab and weight loss percent
during cold storage of ‘Barhee’ fruits during the 2008 and 2009 seasons.

Treatment Harvest % Rutab after days % weight loss
date 15 30 45 15 30 45
2008
Control 1/8 12.43 32.65 8698 3.63, 6.76, 13.24,
NAA 8/9 0.0 0.0 1276 2.00. 3.42, 9.45p,
GA; 30/8 1.32 465 1625 223, 4.06, 8.21I,
CPPU 18/8 434 13.54 2234 282, 4.7%. 12.224
Put 21/8 1.23 587 12.43 235, 4.04,c 10.80.p
BA 10/8 6.65 1443 3733 2.76, 5.32, 12.554
SA 24/8 2,67 533 2433 217, 512  9.30k
2009
Control 2717 16.65 28.53 95.00 3.84, 8.5, 13.46,
NAA 4/9 0.0 0.0 1132 221, 4.42 8.45,
GA; 2/9 233  7.67 1846 233, 5.07, 9214
CPPU 14/8 5.67 1276 31.38 2.76, 5.39, 10.22,
Pyt 18/8 1.67 672 19.45 195, 4.74, 8.80p
BA 12/8 3.21 18.65 33.33 2.78, 5.08, 10.55,
SA 22/8 4.67 442 2033 221, 4.28, 9.30,

Values within a column with the same letter are not significantly different (p<0.05).
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Abstract

This work was carried out in Balteem area, Egypt on the ‘Hayany’ date palm
cultivar. Spaths were pollinated using either one of the two selected males (M; and
M,;). Fruit samples were taken at different stages of its development to determine the
changes in IAA, GA and ABA content.

Data indicated that there were obvious differences in ‘Hayany’ fruits that
were produced from the two evaluated males. The concentration of the different
growth regulators in consideration (IAA, GA, ABA) as well as the timing of their
increase or decrease was also available between the two males. M; maintained a
higher level of IAA than M, in most sampling dates. The highest IAA content
coincided with rapid fruit growth.

Moreover, M; had higher GA content in most sampling dates especially in the
5™ and 6™ sampling date. This period coincided with the rapid growth phase It was
also shown that M; had a higher ABA content than fruit resulting from using M,.
This was clear especially in the 4-7' th sampling date. A possible relationship between
fruit growth and growth regulators content during fruit growth and development is
suggested.

INTRODUCTION

Date palm (Phoenix dactylifera L.) is one of the leading fruit crops in Egypt.
According to FAO statistics (2008) there are 87,685 hectares in Egypt, and the total
production of date fruits amounts to 132,633 tons/year. Date palm fruits are known to
have high nutritional value and are available at a reasonable price. This makes these fruits
important for the consumer. Since date palm is a diocious plant, pollen has to be
transported from the male to the female plant. This could occur naturally by wind, which
needs rather a large number of male palms, or it can be carried out by man. This latter
method is the method that is used where male palm is enough for pollinating about 25
female palms (Swingle and Nixon, 1928; Hussein et al., 1997). Thomas et al. (2000)
studied the effect of different pollen parents on fruit set and development of lemon (C.
limon Burn). Pollen source has an effect on fruit set, yield and fruit quality of some date
palm cultivars (Osman et al., 1974; Igbal and Ghafoor, 2000; Ghaffar and Igbal, 2003;
Igbal, 2007). Also, a positive correlation between fruit retention and seed contents has
already been reported (Dimri and Singh, 1991). They attributed differences in fruit
growth to the young seeds number/fruit as they are the sites of cytokinin production.
Auxin also prevents abscission. These explanations are in accordance with the results of
Eti and Stosser (1992) in clementin mandarin and Caglar and Kasha (1995) in pistachio.
Reuveni (1967) reported that four main promoters were found in the pericarps and seed of
the fertilized date palm fruit during different phases of its development. However, none of
these promoters was found to be closely correlated to fruit development. Thus total
activity of promoters was calculated as IAA equivalent and indole aceto nitrite (IAN)
activity. The highest level was found in the unfertilized fruits, the lowest in
parthenocarpic triplets and intermediate in parthenocarpic single fruits. Evidence was

* omarads@yahoo.com

Proc. 4" Int. Date Palm Conference 155
Eds.: A. Zaid and G.A. Alhadrami
Acta Hort. 882, ISHS 2010



found that the high levels found in fertilized fruits originated from seed. Positive

correlation between fruit set, gain in weight, and growth promoting activity was found

during the 1* period of growth till the end of the kimiri stage. The requirement for growth
regulators for growth was low in the beginning, high at the stage of rapid growth, and low
close to fruit maturation.

The TAA content of ‘Hellawi’ date palm in Iraq was very high in non-pollinated
flowers, then declined at fruit set, rose again as the fruits entered the rapid phase of
growth, then declined as fruits advanced toward the ripening phase, and the changes in
IAA concentration during fruit development may reflect the role of this natural hormone
in the control of various fruit developmental stages (Abbas et al., 2000). In fruits of low
chilling pear cultivars, ABA content in the developing fruits in all the three cultivars was
lower in all periods compared with IAA. However, both regulators have a similar trend,
being higher in the initial stage of fruits development, decrease to a lower level at 50 and
80 DAFB and then increasing slightly as the fruit approached maturity. They noted
varietal differences in IAA as well as some unidentified compounds (Dwivedi and Bist,
2002).

Balteem district, Kafer El-Sheikh Governorate, Egypt is considered one of the
intensive date palm growing districts in Egypt. There are about 300,000 female date
palms in this district. The work indicated in this work was carried on ‘Hayany’ date palm
growing in Balteem area where the following parameters were investigated:

1. Two superior males were used out of these 20 evaluated males to study their
subsequent effect on fruit physical and chemical characters. Moreover, fruit set was
also determined.

2. Fruit samples were taken at different stages of fruit development to determine the
changes in IAA, GA and ABA as related to different used males during fruit
development as a trial to explain the metaxenic effect.

MATERIAL AND METHODS

This investigation was carried out during the 1999 and 2000 seasons in Balteem
district, Kafr El-Sheikh Governorate, Egypt. Two males (‘Meghal’) were used for
pollinating ‘Hayany’ date palms to study the effect of pollen source on fruit set (%),
bunch weight and changes in fruit characters at different intervals after fruit set and their
IAA, GA and ABA content were determined.

Effect of Selected Males on ‘Hayany’ Fruit Characters

Three healthy, 11-year-old ‘Hayany’ female date palms were selected for each
male, 9 bunches for each female were selected. The palms were grown in loamy soil and
planted 8 meters apart, and receiving the regular horticultural practices recommended by
the Ministry of Agriculture. Pollinated bunches (9 strands/bunch) were bagged with paper
bags 15 days after pollination date.

Some Endogenous Hormones Determination

‘Hayany’ fruit samples (9 samples) were taken (about 5 g) after 3, 6, 9, 16, 23, 30,
44, 58 and 72 days after pollination date (30 Mar., 2 Feb., 6 Feb., 14 Feb., 21 Feb., 28
Feb., 12 Apr., 26 Apr. and 9 Jun). These samples were representatives of the two males
used in the metaxenic studies. The samples were frozen immediately on dry ice, and
stored at -20°C until the time of extraction.

The analysis of these samples was carried out at the Arid Land Agricultural
Research Unit, Faculty of Agriculture, Ain-Shams University, Egypt where the method
described by Shindy and Smith (1975) was used.

Fruit Set Percentage

The number of fruits retained on the strand and the total number of flowers scars
was counted and fruit set was determined as recommended by El-Makhtoun (1981). Fruit
set was calculated every two weeks (during May and June) using the following equation:
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No. of fruits retained on strand

Fruit set (%) = No. of fruits retained + No. of flower scars onthe same strand x 100

Determinations at Harvest
All trees were harvested at the peak of color development at the first week of

October (Khelal stage). The samples contained 30 representative fruits randomly picked

for each treatment in order to determine the following:

1. Physical fruit characteristics: 15 fruits/treatments were taken to determine fruit length
and diameter (cm), fruit and flesh weight (g), volume cm’).

2. Chemical fruit characteristics: fruit firmness (kg/mm®) was determined by (A.O.A.C.,
1989). Tannins content (%): samples of fruits were taken to determine tannins content
as “galacturonic” acid and calculated as mg/100 g fresh weight (A.O.A.C., 1989). Total
soluble solids (TSS): TSS was determined by RL3 Refractometer (A.O.A.C., 1989) in
the juice extracted from 10 fruits. Vitamin C was determined and calculated as
mg/100 g flesh weight according to (A.O.A.C., 1989). Sugars content: total and
reducing sugars were determined by colorimetric methods recommended by Forsee
(1938).

Statistical Analysis

All data were statistically analyzed according to Randomized Complete Block
Design (RCBD)-significance of differences among treatments means were judged using
Duncan Multiple Range Test (DMRT, according to Snedecor and Cochran, 1977).

RESULTS AND DISCUSSION

Endogenous Growth Hormones during Fruit Growth and Development

Figures 1-8 indicated that there were obvious differences in ‘Hayany’ fruits that
were produced from the two pollen sources used. The concentration of different growth
regulators that were determined (IAA, GA and ABA), as well as the timing of their
increase or decrease was also variable between the two males. Male 1 (M;) had generally
higher IAA content than M,. It was noticed that there was an increase in IAA content in
the early part of fruit development in both males. However, this surge was somewhat at a
later date in M, than in M;. Thereafter the concentration of IAA in both males decreased,
however, with M; maintaining higher level of this growth regulator than M, in most
sampling dates. Figures 1 and 2 show the rate of fruit growth during the sampling dates,
and their [AA content in the two studied males. It could be seen that the highest IAA
content coincided with rapid fruit growth. The best-fit curve indicated that there was a
decreasing trend thereafter. Most important is the observation that higher [AA
concentration in M; was associated with larger fruit weight as compared with M,, which
might indicate in part the reason for differences that were observed in fruit weight.

From Figures 3 and 4 it is evident that M; had a higher GA content in most
sampling dates especially on the 5™ and 6™ sampling dates. This period coincides with the
rapid growth phase. Again, it is not surprising that M, had larger fruits than M,. When
fruit GA content was plotted with fruit development with time, it became evident that GA
generally increased gradually till the 5™ sampling date, and then dropped again. This
became rather clear when drawing the best-fit curve.

It could also be seen from Figures 5 and 6 that the ABA content of fruits of
‘Hayany’ date palm, at different stages of fruit development showed that M; pollinated
fruits generally had a higher content than M, fruits.

In both males, the ABA content of the Produced fruits increased with the highest
rate of fruit growth. This coincided with the 4™ to 7' sampling date (April 14™ to May
12™). Thereafter, the ABA content decreased generally as indicated from the best-fit
curve.
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Effect of Male Types on

1. Fruit Set (%). Data indicated that the pollen source affected the fruit set percentage of
‘Hayany’ date palm in both seasons of this study. Male 2 had a higher fruit set % value
(26.02%) as compared with (23.33%) in male No. 1 [M;] in both seasons, respectively
(Fig. 7).

These results are in agreement with those obtained by those who reported that a

different pollen source resulted in a different fruit set percentage and these effects differed
between years and between the male or female cultivars (Marzouk et al., 2002a, b;
Ghaffar and Igbal, 2003; Igbal, 2007).
2. Bunch Weight (kg). Bunch weight is considered as an index for the yield and reflects
the best promising treatments used in the present investigation. Data illustrated show
statistically significant differences in the first season. The highest bunch was obtained
when pollen from M;was used in both seasons (Fig. 7).

These results are in agreement with those reported by El-Kassas et al. (1996), El-
Salhy et al. (1997), Marzouk et al. (2002a, b), Helail et al. (2001), Ghaffar and Igbal
(2003) and Igbal (2007). They reported that there was a positive correlation between fruit
set percentage and bunch weight obtained at harvest.

3. Physical Properties. Data indicated the effect of different date pollen grains on the
changes in Physical fruit properties of the ‘Hayany’ cultivar in both seasons. It is obvious
that the 17 male caused an increase for most studied fruit physical characters in
comparison with values obtained for M, as indicated in the following:

Fruit Weight (g). Fruit weight of ‘Hayany’ palms grown in Balteem was significantly
affected by pollen source, where M, had higher values than M,. However, the differences
were insignificant in both seasons (Igbal and Ghafoor, 2000; Marzouk et al., 2002a, b;
Ghaffar and Igbal, 2003; Igbal, 2007).

Flesh Weight (g). Pollination with different pollen types significantly affected flesh
weight only in the first season, where M, had higher flesh weight than M;. These results
partially agree with Marzouk et al. (2002a, b) and Helail et al. (2001), who found that
pollen source has a significant effect on flesh weight of date fruits (Fig. 7).

Fruit Length (cm). The two used males on ‘Hayany’ fruits did not significantly affect the
fruit length in both seasons. However, the data indicated that M, gave generally higher
values than M; (Fig. 7). These finding are in harmony with those reported by Schroeder
and Nixon (1958), El-Salhy et al. (1997), Rahemi (1998), Igbal and Ghafoor (2000),
Ghaffar and Igbal (2003) and Igbal (2007) who indicated that specific pollens may
possibly affect the cell number in early fruit development.

Fruit Diameter (cm). It is clear from such that pollen grains of M, recorded a significantly
higher diameter in the second season than M;. These results agree with El-Salhy et al.
(1997), Aly (2001) and Helail et al. (2001) who found that pollens source significantly
affected fruit length and diameter.

Fruit Volume (cm ?). Pollen source had no significant effect on fruit volume of ¢ Hayany’
palms grown in Balteem in the two seasons at fruit harvest (Fig. 7). These data are in
agreement with those obtained by Nixon (1926, 1927, 1965), Abdelal et al. (1993),
Hussein et al. (1999) and Aly (2001).

Fruit Firmness (kg/mm’). Concerning the effects of different pollen types on fruit
firmness, it was shown that the lowest values of fruit firmness are found in ‘Hayany’
females pollinated with M,. The differences between fruit firmness of M; and M, were
significant in both seasons. This might indicate earlier maturation or crisper pulp. Similar
findings were reported by Nixon (1965), Ream (1976) and Marzouk et al. (2002a, 2002b).
4. Chemical Properties. It could be observed that the two different pollen grains were
variably different in their effect. In all cases the values obtained in the second season
were higher than those obtained from the first season, which may be due to the fluctuation
in the environmental conditions during the two seasons (Fig. 8).

TSS (%). Significant differences were found in the TSS (%) content of ‘Hayany’ fruits
due to the pollen source in the two seasons. These data contradict those obtained by
Maradi (1995), El-Kassas et al. (1996), Igbal and Ghafoor (2000), Marzouk et al. (2002a,
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2002b), Ghaffar and Igbal (2003) and Igbal (2007) who reported that total soluble solids
seemed to be influenced by the type of used pollen (Fig. 8).

Tannins (%). It is quite clear that in both seasons ‘Hayany’ date palms pollinated with
two different pollen sources show insignificant different tannin content in the two
experimental seasons (Maradi, 1995; El-Kassas et al., 1996; Marzouk et al., 2002a,
2002b).

Vitamin C. Statistical analysis showed no significant differences in both seasons,
concerning tannin content of the fruits. The range of vitamin C content reported here is in
agreement partially with those values reported by Sawaya et al. (1983) who found that the
range of vitamin C varies from 4.9 to 9.0 mg/100 g flesh weight during kimri to rutab
stages for the ‘Khudari’, ‘Sillaj” and ‘Sifri’ cultivars pollinated by the same pollen
(Marzouk et al., 2002a, b) (Fig. 8).

Total Sugars (%). Pollination treatments affected total sugar percentages insignificantly
through the two studied seasons. As such, the highest average of total sugars (25.04%)
was recorded in the second season in ‘Hayany’ dates that were pollinated with the first
pollen source and the lowest (24.52%) in the first season in ‘Hayany’ dates that were
pollinated with the second pollen source. Generally, pollination treatments by the first
male (M) pollen produced fruits with higher values in total sugars (Fig. 8).

These results were not in agreement with El-Kassas et al. (1996), Igbal and
Ghafoor (2000), Marzouk et al. (2002a, b), Ghaffar and Igbal (2003) and Igbal (2007)
who found that the male type had a significant effect on total sugars content.

Reducing Sugars(%). In both years the first male recorded the highest average (17.32%)
as compared with the results recorded for the second male (16.65%) (Fig. 8).

These results are in line with El-Kassas et al. (1996), Marzouk et al. (2002a, b),
Ghaffar and Igbal (2003), and Igbal (2007) who found that reducing sugars content of
date fruits depends on the type of pollen used.

CONCLUSIONS

The two males had different effects on the physical as well as the chemical fruit
characters on ‘Hayany’. Moreover, the ripening date was also affected. Similar findings
were reported by several workers (Hussein and El-Dosouky, 1992; Abdella and Abou-
Sayed Ahmed, 1993; Abo-Sayed-Ahmed, 1993; El-Makhtoun et al., 1994, 1995; El-
Kassas et al., 1996; Abdel-Hamid, 2000; Aly, 2001; Helail et al., 2001; Hussein and
Hassan, 2001; Marzouk et al., 2002a, b).

Data of Reuveni (1967) indicated that high levels of promoters were found in the
fertilized fruits. However, no comparison was made between different males in this study.
Moreover, paper chromatography was used in this work, which is less efficient than the
present available techniques.

The present work indicated that there was an increase in IAA, GA and ABA in the
first growing phase of ‘Hayany’ date palm fruits that were fertilized by either studied
male palm. M; was found to have a higher hormonal content than M,. This was related to
fruit growth. These hormones were shown to be essential for fruit development (Buta and
Spalding, 1994; Ben Cheikh et al., 1997; Rahemi, 1998; Igbal and Ghafoor, 2000;
Ghaffar and Igbal, 2003; Igbal, 2007). The importance of pollen source on fruit set and
development was also indicated for clementine (Eti and Stosser, 1992), pistachio (Cagler
and Kasha, 1995), and lemon (C. limon, Burn) (Thomas et al., 2000).
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Abstract

Direct somatic embryos of date palm (Phoenix dactylifera L. ‘Medjool’)
spontaneously developed on the individually proliferated axillary buds. Axillary bud
proliferation occurred from shoot tips explants under dark condition afters 3
recultures on modified MS (Murashige and Skoog, 1962) medium supplemented
with 2iP (1.0 mg/L), Kin (1.0 mg/L), BA (1.0 mg/L), NOA (0.5 mg/L) and solidified
with gelrite (2.0 g/L). When buds were transferred under light conditions onto the
same medium containing putrescine (150 mg/L), some of them (55.56%) showed
direct embryos formation (3.78) at the surface of the buds after 8 weeks of culture
incubation. When these embryos were soon removed after they became visible, they
survived by transferring to a fresh medium, whereas they were destroyed if left
intact with the bud. Embryos cultured on the previous medium omitting BA in
addition to putrescine (100 mg/L) recorded the highest significant values of
multiplication rate and growth value after 6 weeks of incubation. Individual shoots
cultured on basal MS medium in addition to IBA (1.0 mg/L), sucrose (30 g/L)) and
solidified with phyto-agar (6.0 g/L) recorded the highest significant values of roots
number and roots length after 8 weeks of incubation. Finally, using a mixture
containing compost and perlite (1:1, v/v) recorded the highest significant percentage
values of plantlets survival (80%) and number of leaves/plantlet (3.67) as well as the
highest values of leaf length (17.1 cm) after 3 months in acclimatization.
Phenotypically, plantlets showed similarity in the greenhouse.

INTRODUCTION

Date Palm (Phoenix dactylifera L.) is dioecious perennial species (2n=36) of the
Arecaceae and is one of the most important Liliopsidaous fruit crops in Arab countries.
The family Arecaceae comprises about 200 genera and 2500 species distributed through
tropical and subtropical regions around the world (FAO statistics, 2008). Date palm
propagate either by seeds but the resulted seedlings differ considerably in fruit quality,
harvesting time and production potential or by offshoots, but this method of propagation
has been faced by the fact that date palm produce relatively few offshoots suitable for
transplanting in its lifetime (Zaid and De Wet, 2002). Rapid propagation of date palm
through tissue culture is the most promising technique for production of sufficient plant
materials with high quality (Sane et al., 2006). In reviewing date palm micropropagation,
several reports have been published. The early attempts via zygotic embryos have been
done by Schroeder (1970). However, various explants tissues have been examined i.e.,
shoot tip (El-Bellaj et al., 2000; Al-Khayri, 2001), leaf primordial (Beauchesne et al.,
1986; Ibrahim and Hegazy, 1998, 1999, 2001; Hegazy et al., 2009), axillary bud (Sharma
et al., 1984; Zaid and Tisserat, 1983a), root (Zaid and Tisserat, 1983b) and finally
inflorescence (Drira and Benbadis, 1985; Hegazy, 2008). Organogenesis and somatic
embryogenesis are the two techniques currently used in various laboratories in the world
for in vitro mass propagation of date palm (Al Kaabi et al., 2007). Organogenesis in date
palm has a low efficiency due to the low number of explants that respond in vitro, the
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long time required for the initiation phase, the low multiplication rate and the strong
influence of the variety (Beauchesne et al., 1986). Somatic embryos could be formed
indirectly through callus (Tisserat, 1984) or directly without any intervening callus phase
(Hegazy, 2003). In palms, until 40 years ago, the most reports were achieved through
indirect somatic embryogenesis pathway. Only few workers attempted the direct
organogenesis method (Ibrahim and Hegazy, 1999; Drira and Benbadis, 1985; McCubbin
and Zaid, 2007) and the direct embryogenesis method (Hegazy, 2003).

The objective of this work was to study the availability of micropropagating the
high quality date palm “Medjool” (semidry cultivar 20-30% moisture content in their
fruits) through a pioneer pathway (direct somatic embryos occurred on the proliferated
axillary buds), to avoid callus regeneration off-types is a rather new approach.

MATERIALS AND METHODS

The present investigation was carried out in the Plant Tissue Culture Laboratory,
Plant Biotechnology Department of the Genetic Engineering and Biotechnology Research
Institute (GEBRI), Sadat City, Minufiya University Egypt, during the period 2007-2010.
Shoot tips explants were obtained from 3-year-old offshoots of the female date palm
‘Medjool’ having high quality fruits grown at Mr. Nabil Abdrabo’s model farm, Al-Katta
Desert, Gizza governorate, Egypt.

The MS basal medium (Murashige and Skooge, 1962) modified with [glutamine
(200 mg/L), bioten (0.5 mg/L), adenine sulphate (20 mg/L), thiamine-HCI (10 mg/L), Ca-
pantothenate (10 mg/L), ascorbic acid (75 mg/L), citric acid (75 mg/L), NaH,PO4. 2H,0
(170 mg/L), activated charcoal (1.5 g/L) and raised sucrose up to 40 g/LJwas used. The
pH of the media was adjusted to 5.6 with 0.1 M KOH or 0.1 M HCl prior to gelling agent
addition. Media were dispensed either in a glass tubes (25%2.5 ¢cm; Borosil) capped with
Bellco plastic caps containing 15 ml or into jars (150 ml) at the rate of 35-40 ml/jar and
autoclaved at 121°C and 1.2 kg/cm? for 20 min.

Plant Material Sterilization

For excising the shoot tip explant, the outer leaves and fiber sheath were removed
from offshoots acropetally with a hatchet and sharp knife (always sprayed with etheyl
alcohol 70%) until they reached 3.0-4.0 cm in width and 6.0-8.0 cm in length. Under
aseptic conditions, plant materials were surface sterilized twice by soaking in a
commercial disinfectant Clorox (5.25% NaOCI) solution 2% for 30 min, 2 drops/100 ml
solution of Tween 20 (polyoxyethylenesorbitan monolaurate) as wetting agent were used.
Then, they were rinsed with sterile distilled water followed by being immersed in
sterilized mercuric chloride solution (0.1%) for 10 min. They were then rinsed with sterile
distilled water and soaked in a filter sterilized antioxidant solution (citric acid and
ascorbic acid) each at a concentration of 150 mg/L. Finally they were kept in the
refrigerator (8°C) for 2 hours prior to shortenmg Additional leaves were removed one by
one till shoot tip was reached (0.7 to 1 cm?), then cultured.
1. Effect of Some Growth Regulators on Axillary Bud Proliferation. Shoot tips were
cultured individually on modified MS medium supplemented with auxin [NOA
(naphthoxy acetic acid)] and cytokinins [BA (6-benzylaminopurine), Kin (6-
Furfurylaminopurine) and 2iP (6-(¥,y-dimethylallylamino purine)] were used (mg/L);
control (free hormone), NOA (0.5), {NOA: BA, 0.5:1}, {NOA: Kin, 0.5:1}, {NOA: 2iP,
0.5:1} and {NOA: BA: Kin: 2iP, 0.5:1:1:1} and solidified with gelrite (2 g/L). Nine jars
(replicates) were used for each treatment. Cultures were incubated in total darkness at
25+1°C and recultured 3 times to the same medium with 4-week intervals. Data of fresh
weight (g) and axillary bud proliferation % of the three consecutive recultures were
recorded.
2. Effect of Putrescine on Embryos Formation. Proliferated axillary buds obtained
from the previous experiment were carefully separated from shoot tips and individually
cultured on the best growth regulators combination of the previous experiment in addition
to polyamine (PAs) i.e., putrescine at concentrations of 0, 100, 150 and 200 mg/L. Nine
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Jars (replicates) were used for each treatment. Cultures were exposed to 16-h photoperiod
using fluorescent tubes with a light intensity of 1500 lux for 8 weeks. Each 4 weeks, data
of bud formed embryos % and number of embryos/bud were recorded.
3. Effect of Embryos Position. To overcome the obstacles facing somatic embryos
development axillary buds originating from embryos resulting from the previous
experiment were transferred to the same medium and their embryos were subjected to two
positions: 1) embryos removal from the bud, 2) embryos left intact with the bud. Nine jars
were used for each treatment. Incubation was achieved at the same previously mentioned
conditions. After 8 weeks, percentages of embryo survival and growth were recorded.
4. Effect of Putrescine on Embryos Multiplication Rate and Growth Value.
Previously resulted embryos were cultured on the axillary bud proliferation medium
omitted BA in addition to putrescine at the concentration of 0, 50, 100 and 150 mg/L.
Nine jars (replicates) were used for each treatment. Incubation was carried out under the
same embryos formation conditions. After 6 weeks, data of embryos numbers,
multiplication rate, fresh weight (g) and growth value were recorded.
5. Effect of IBA on Root Formation. Healthy shoots were individually cultured on basal
MS medium supplemented with sucrose (30 g/L) in addition to IBA (indole-3-butyric
acid) at the concentration of 0, 0.5, 1.0 and 2.0 mg/L and solidified with phyto-agar
(6.0 g/L). Nine glass tubes (replicates) were used for each treatment. Cultures were
incubated under the same conditions previously mentioned with raised light intensity up
to 3000 lux. After 8 weeks, data of root formation %, number of roots and root length
(cm) were recorded.
6. Effect of Soil Mixture Types on Acclimatization. Plantlets were removed from the
rooting medium, rinsed under tap water and immersed in water for 2h. Roots were
immersed in a fungicide (Benomyl) solution (0.5%, w/v) for 5 min. Then, they were
planted in plastic pots (518 cm) filled with a soil mixture as follows: compost and sand
(1:1, v/v), compost and peat moss (1:1, v/v), compost and perlite (1:1, v/v) and compost
and vermiculite (1:1, v/v). The plants were covered with transparent polyethylene sheet
and sub-irrigated if needed. The potted plants were incubated for 30 days in phytotron at
25+1°C, relative humidity (80-90%) and 16-h photoperiod with a light intensity of
1500 lux. Acclimatization was achieved through gradually removing the plastic sheet
each day till it was totally removed after 30 days. Plants were transferred to a plastic
greenhouse in tunnel under shade condition (black saran 63%) and were left to grow for
another two months. Plants were sub-fertigated once a week with commercial fertilizer of
NPK (Sangral, 1.0 g/L) at a ratio of 20:20:20. After 3 months survival %, number of
leaves/plant and leaf length (cm) were recorded.
7. Growth Value. Embryos’ growth values were estimated according to the equation of
Fw,— Fw,

Ziv (1992). GV = Fw; where, GV = Growth value. Fwr = Final fresh wt. Fw; =
Initial fresh wt.

8. Statistical Analysis. Data were statistically analyzed by one factorial randomized
complete design using the SAS (1988) package. The Least Significant Differences among
levels of each treatment were compared using LSD test at 5%, according to Steel and
Torrie (1980).

RESULTS AND DISCUSSION

As a result of reviewing a large numbers of date palm micropropagation studies,
which demonstrated the in vitro pathways and morphogenesis obtained from different
date palm explants (Fig. 1) it is predicted that this is a pioneer report on initiating direct
somatic embryos on proliferated axillary buds.

Effect of Some Growth Regulators on Axillary Bud Proliferation

Results in Table 1 and Figures 2A and B showed that shoot tips recultured 3 times
on modified MS medium supplemented with NOA (0.5 mg/L) in combination with an
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equal level of BA (1.0 mg/L), kin (1.0 mg/L) and 2iP (1.0 mg/L) recorded the highest
significant values of fresh weight 4.09, 8.06 and 15.06 g in the three consecutive
recultures respectively. This was accompanied by higher significant percentage values of
axillary bud proliferation (44.44%) as compared with the other studied treatments. In this
regard, Beauchesne et al. (1986) found that, at the bottom of the young leaves some very
little axillary buds are often visible. Auxins at low concentration, enhanced date palm bud
growth in vitro after four to six months, gave some signs of budding which indicates
giving true-to-type plantlets. Ziv (1991) stated that in vitro explant culturing necessitates
a continuous supply of growth regulators to the culture medium i.e., auxins and
cytokinins supplied either singly or in combination at diverse ratios, dependmg on the
species and the type of explant. Date palm shoot tips cultured on medium containing low
auxin concentrations initiated leaves and in some cases roots while, high auxin
concentrations resulted in the formation of callus (Tisserat, 1979). Also, Mater (1986)
reported that high auxin levels in the medium favored callus growth and low auxin levels
favored normal vegetative growth of date palm shoot tips. On the other hand, Zaid and
Tisserat (1983a) reported that addition of growth regulators to the nutrient medium was
not necessary to stimulate shoot proliferation, better shoot tip development occurred on
10 and 100 mg/L NAA. In addition, Tisserat (1984) reported that addition of cytokinin at
any level to date palm tissue culture media did not enhance shoot differentiation.

Effect of Putrescine on Embryos Formation

Data presented in Table 2 and Figures 1C, D, 2C and D showed that addition of
putrescine to the axillary bud proliferation medium at the concentration of 150 mg/L
recorded the highest significant percentage values of bud formed embryos (55.56%) and
number of embryos/bud (3.78) after 8 weeks as compared with the other studied
concentration treatments, i.e., 0, 100 and 200 mg/L. However, among all putrescine
concentrations treatments in the first 4 weeks incubation, only addition of 200 mg/L
recorded bud formed embryos (11.11%) and number of embryos/bud (0.67). In contrast,
those formed embryos encountered a problem in growth, turned brown and were
destroyed after 8 weeks. Here, it is hypothesized that this might be as the consequence of
embryos left intact with the bud more than 4 weeks caused profound alterations in
developmental processes. Altogether this information will be valuable for ongoing
experiments. Srivastava (2002) published that polyamines (PAs) are generally recognized
as active regulators of plant growth. They are present in all cells, and their mMolar titer is
responsive to physiological effects caused by many agents, such as hormones, light and
stress, but their precise mode of action in plant growth and development is still unclear.

Effect of Embryos Position

Data presented in Table 3 and Figure 2E indicates that embryo removal from the
bud recorded enormous significant percentages values of survival and growth (100%)
after 8 weeks of incubation as compared with embryos left intact with the bud (0%). With
regard to the undesirable distinctly destroyed embryos resulted, they might not be in a
proper position which retards their development and should be discouraged prior to a
certain waste. In this concern Racusen and Schiavone (1990) reported that concerning the
origin and perception of positional information in plant embryos and the temporal spatial
expression of genes. The spatial distribution of certain gene products is correlated with
changes in morphology. However, there is, as yet, insufficient evidence with which to
forge a link between positional cues and the expression of genes which influence
developmental transitions in embryos. In addition, Hegazy (2003) reported that
controlling of date palm embryo’s hyperhydricity was achieved by placed embryo clusters
submerged in culture medium.

Effect of Putrescine on Embryos Multiplication Rate and Growth Value

Results presented in Table 4 and Figures 2F and G illustrate that embryos cultured
on the axillary bud proliferation medium omitted BA in addition to putrescine (100 mg/L)
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scored the highest significant values of multiplication rate and growth value after 6 weeks
of incubation as compared with the other studied concentration treatments, i.e., 0, 50 and
150 mg/L. In contrast, elevated putrescine concentration up to 150 mg/L recorded a
significant reversible effect in all growth characters as compared with the best treatment
100 mg/L. Similar results were obtained by Hegazy (2008) who found on date palm floral
buds ‘Selmy’ that embryos cultured on modified MS medium in addition to putrescine
(100 mg/L) obtained significant values of multiplication rate and growth value as well as
total soluble protein and phenylalanine ammonialyase (PAL) activity. Srivastava (2002)
published that PAs metabolism is affected by auxins, cytokinins, and gibberellins in
several plant systems and that PAs are essential for many of the growth responses
attributed to these hormones. The specific roles of PAs in these responses are unknown.

Effect of IBA on Root Formation

Data presented in Table 6 and Figure 2H indicate that, shoots cultured on basal
MS medium supplemented with IBA (1.0 mg/L) recorded the highest significant values of
root formation (100 %), roots number (3.11) and root length (3.88 cm) as compared to the
other studied concentrations. Srivastava (2002) published that IBA is known as a major
synthetic auxin used commercially for the induction of adventitious roots. Recently, it has
also been identified as a naturally occurring compound derived from IAA via a chain
elongation reaction. IBA is also converted to IAA. Reasons for the greater potency of
IBA are unclear. Genetic analysis further indicated that high and low rooting responses
were probably controlled by multiple genes. In addition, Sane et al. (2006) on date palm
reported that rooting without hormone resulted in the development of fine ramified roots
that were unable to survive when planted in a nursery. However, Picoli et al. (2001)
mentioned that failure of hyperhydric plants to grow when transferred to soil may often
be due to malfunctioning of the leaf rather than the poor rootability.

Effect of Soil Mixture Types on Acclimatization

Data presented in Table 6 and Figure 21 show that soil mixture containing compost
and perlite (1:1, v/v) recorded the highest significant percentage values of plantlets
survival (80%) as well as higher leaves number (3.67) and leaf length (17.1 cm) as
compared with the other studied soil mixture types. However, compost and sand (1:1, v/v)
recorded the lowest results in plantlets survival (23.33), leaves number (3.11) and leaf
length (10 cm). In this concern, (Hegazy, 2008) suggested that the superiority of compost
and perlite could be ascribed to their effects on sparring more suitable conditions for
growing roots. Compost might increase the organic matter content, which in turn
improved the soil physical condition. Perlite could hold three to four times its weight of
water as well as it was most useful in increasing aeration in mixture. Phillips and
Hubstenberger (1995) reported that repetitive embryogenesis showed the best balance of
high propagation rates with relatively few off-types. Hegazy (2003) reported that direct
embryogenesis avoids the genetic instability often associated with somatic embryos
obtained indirectly. The high similarity index detected using AFLP as a molecular
procedure for DNA fingerprinting for ‘Zaghloul’ and ‘Barhee’ vitroplants with their
corresponding mothers might indicate that the genetic makeup of the mothers has been
retained and therefore, the derived plantlets are true-to-type.

Future Work
We hoped to continue these studies to confirm the obtained vitroplants’ similarity
at the molecular level and to evaluate the productivity with regard to the mother.
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Tables

Tablel. Effect of plant growth regulators on fresh wt. (g) and auxiliary bud proliferation
of date palm shoot tips ‘Medjool’ cultured in vitro for 12 weeks.

Growth characters

Initial Final fresh wt. Auxiliary bud
Treatment (mg/L) fresh Recultures ® prolifegtion
wt. (g) 1 2 3 (%)

Free hormone 097" 172 2.11' 2.54 00.00°
oo 0.89° 2.29° 3.43° 3.69° 00.00°
Noa  TBA (D 0.92*’b 3.782 6.582 13.182 oo.oof)
0.5) +Kin (1) 0.932 2.80 5.04 8.76 00.00b
| +2iP (1) 0.91 3.07°  6.01° 9.95° 00.00
+BA (I)+Kin (1)*2iP (1)  0.94® 4.09° 8.06" 15.06" 44.44°

Means within each column followed by the same letter are not significantly different at P=0.05.

Table 2. Effect of putrescine concentrations on bud formed embryos and number of
embryos/bud of proliferated date palm axillary buds ‘Medjool’ cultured in vitro for 8
weeks.

Growth characters

4 weeks & weeks

Treatment (mg/L) Bud formed  Number of Bud formed  Number of
embryos (%) embryos/bud embryos (%) embryos/bud
0 00.00° 00.00° 00.00° 00.00°
Putrescine 100 00.00? 00.00? 00.00? 00.00°
150 00.00? 00.00? 55.56° 3.78%
200 11.11° 0.67° 11.11° 0.67°

Means within each column followed by the same letter are not significantly different at P= 0.05.
* Embryos turn brown and are destroyed because they may be left intact with the bud.
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Table 3. Effect of embryos position either removal or left intact with the axillary bud of
date palm ‘Medjool’ cultured in vitro for 8 weeks.

Position treatment Growth characters

Embryos survival % of growth
1. Embryos intact with the bud 0° 0°
2. Embryos removal from the bud 100° 100°

Means within each column followed by the same letter are not significantly different at P=0.05.

Table 4. Effects of putrescine on embryos multiplication rate and growth value of date
palm ‘Medjool’ embryos cultured in vitro for 6 weeks.

Growth characters

(Tr;ejga;gr)lent No. of embryos Multiplication IE:HVI\B:QE;; Growth
Started Produced rate Started Produced value
0 5.87° 13.00° 2.349 0.57° 1.90° 2.35°
Putrescine 0 6.00° 14.89% 2.48° 0.63% 2.65° 3.36°
100 5.78? 18.11° 3.13% 0.54° 3.32° 5.32°
150 6.11° 16.78% 2.73° 0.59° 2.89° 3.90°

Table 5. Effects of IBA concentrations on root formation of date palm ‘Medjool’ shoots
cultured in vitro for 8 weeks.

Treatment Root growth characters

(mg/L) For{&a)l)t ton Number L(i r;l%;h
0.0 11.11c 0.22¢ 0.28¢
IBA 0.5 33.33bc 0.56bc 0.86¢
1.0 100.00a 3.11a 3.88a
2.0 55.56b 1.33b 2.24b

Means within each column followed by the same letter are not significantly different at P=0.05.

Table 6. Effect of soil types on survival percentage, number of leaves and leaf length of
‘Medjool’ plantlets after 3 months in acclimatization.

Growth characters

Treatments Survival Leaves
(%) Number Length (cm)
+Sand (1:1, v/v) 23.33° 3.11° 10.0°
Compost +Peatmoss  (1:1, v/v) 43.33" 3.33% 12.6°
+Perlite (1:1, v/v) 80.00° 3.67° 17.1°
+Vermiculite (1:1, v/v) 50.00° 3.20% 15.7°
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Fig. 2. Micropropagation of ‘Medjool’ via axillary bud proliferation derived embryos.

176

A- Shoot tip after 3 recultures in dark conditions. B- Individually proliferated
axillary bud under light conditions. C- Axillary bud changed in shape to initiate
embryos. D- Axillary bud derived direct embryos. E- Embryos removal from
the bud was grown. F- Repetitive embryos cycle. G- Embryos growth and
development. H- Plantlets during rooting stage. I- Healthy plantlets after 3
months in acclimatization.
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Abstract

Date palm is believed to have been introduced into Nigeria in the early 8"
century by Arab traders from north Africa. Date fruits are a highly valued delicacy
among many communities in Nigeria, especially during ceremonies and festivals.
The national consumption of dates in 2009 is estimated at 8,958 metric tons which
placed the country among the world top 10 consumers of date. Despite conducive
soil and climatic conditions for date palm cultivation and the existance of local
varieties with good fruit qualities, date palm cultivation is still at subsistance level
and domestic production is estimated at only 1,958 metric tons. Attempts to improve
the Nigerian date palm industry through the establishment of commercial date palm
plantations have been hindered by lack of good planting materials. However, recent
evaluation of the response of some of the Nigerian date palm cultivars to 2,4-D
induced callogenesis demontrated the high propensity of the genotypes to in vitro
culture, with more than 50% embryogenic callus formation on modified MS
supplemented with 50 pm 2,4-D in all the genotypes tested. Further research is
needed to complete and optimise this protocol in order to solve the problem of date
palm planting materials in the country.

INTRODUCTION

Date palm (Phoenix dactylifera) is believed to have been introduced into Nigeria
in the early 8" century by Arab traders from north Africa, where it is traded in exchange
for the dry leaves of the Henna plant (Lawsonia mermzns) a plant widely used for body
decoration by women in many parts of the world. Date fruits are a highly valued delicacy
among many communities in Nigeria and enjoy a great spiritual and cultural significance.
Nigerian date consumption as at 2009 is estimated at 8,958 t out of which 78% (7,000 t)
were imported from Niger republic and North Africa via the trans-Sahara trade route.
This value is significant when compared with 10,000 t imported annually by the United
Kingdom which is among the 4 leading importers of date (FAO, 2003). However, only
22% (1.958 t) of the dates consumed is produced locally and this value is far below the
annual production of Mexico (3,600 t) which is the least among 18 leading producers of
dates (FAO, 2003).

In Nigeria, datepalm thrives well in the semi-arid region (12 to 14°N and 2 to
14°E). This area forms an undulating plain with general elevation ranging from 450 to
700 m and is covered by ferruginous tropical siols characterised by a sandy-fixed
undulating topography and is characterised by wet (June to October) and dry (November
to May) seasons (Mortimore, 1989)." The prevailing soils and climatic conditions in this
region support the growth of diverse date palm ecotypes and double fruiting per season
with the second fruiting terminating at kalal stage due to high humidity (June-August).
Date palm cultivation is still at the subsistance stage, where diverse cultivars are grown in
homesteads and few ochards by local date growers. Previous attempts to improve date
palm cultivation through the establisment of commercial plantations were not successfull
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due to the limited number of planting materials. Tissue culture remains the most efficient
alternative for rapid mass propagation of selected date palm genotypes. Protocols for in
vitro regeneration of date palm based on somatic embryogenesis or organogenesis were
reported (Tisserat, 1979; Zaid and Tisserat, 1983; Showky and Mahmoud, 1998; Al-
Khalifa, 2004; Eke et al., 2005; Asemota et al., 2007; Ahmad et al., 2009). However,
genotype specificity in their response to in vitro regeneration made it necessary to
develop a protocol for every date palm genotype (Hesselman, 1997). Since embryogenic
culture allows for cyclic recovery of more plants, regeneration via somatic embryogenesis
is an attractive alternative for rapid clonal propagation of date palm. In date palm,
callogenesis is a prerequisite step to achieving in vitro propagation via somatic
embryogenesis.

The objective of this study was to assess the callogenic competence in selected
date palm genotypes in response to 2,4-D treament.

MATERIALS AND METHODS

Callus Induction

Two- to three-year-old offshoots of female plants of 7 date palm genotypes (Table
1) were obtained from the germplasm bank of the National Institute for Oil palm
Research, Date palm substation Dutse, Jigawa State (11.7°N; 9.3°E) in August 2008.
After removing the mature leaves, offshoots were trimmed down to the apical bud region.
Soft tissue segments measuring about 20-40 mm were cleansed with a soap solution and
treated with 20% w/v benlate (Benomyl methyll-(butylcartamoyl)-2-benzimidazole
carbamate) solution for 60 min. The segments were surface sterilized by dipping in 70%
ethanol for 1 min followed by immersion in 20% commercial bleach (3.5% Sodium
hyphoclorite) for 15 min and rinsed 3 times in sterile distilled water. The surface
sterilized segments were further cut into small pieces (10-15 mm) and inoculated on
modified MS supplemented with 2,4-D (50, 100, 150 or 200 uM), KH,SO4 (170 mg/L),
and activated charcoal (250 mg/L) was added in the medium to check the browning of the
explants. The pH of the medium was adjusted to 5.8 with 1 M NaOH and solldlﬁed by
adding 0.8% agar-agar (BDH, England), before autoclaving at 121°C and 1.04 kg/cm? for
15 min. All cultures were raised in baby food jar (67x55 mm), each dispensed with 35 ml
of the medium. Cultures were incubated at 29+1°C under continuous dark and were
examined at an interval of 10 days. After 30 days of incubation, the explants were
subcultured on fresh media containing the same concentations of 2,4-D and incubated for
another 30 days. After 60 days of culture the number of segments forming callus were
recorded and expressed as percentage callus induction.

Callus Maintenance

White compact callus was selected and subcultured on MS media supplemented
with 50, 100, 150, 200 uM 2,4-D. For each treatment, callus with an average fresh weight
of 500 mg was equally divided into 5 masses and incubated in a baby food jar containing
35 ml of the media. Each treatment had three replications laid in a completely randomised
design. All treatments were cultured in the dark for 30 days. Increase in the fresh weight
of the callus was recorded and the proliferation coeffecient was culculated. Data obtained
were subjected to analysis of variance (ANOVA) (SAS, 1998) and means were seperated
using Duncan’s multiple range test.

RESULTS

Callus Induction

A preliminary experiment showed that fungal contamination in leaf segments
obtained from offshoots was as high as 90% and can be reduced to <10% by treating the
explants with 20% benlate for 60 min. Explant cultured in the dark on 2,4-D free medium
did not produce callus. The majority of the explants turned brown and showed intense
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oxidation and died after 4 weeks of culture. Explant cultures on the induction media
containing 2,4-D enlarged in size and innitiated a white-brown colored callus at the cut
edges after 2 months of culture in the dark (Fig. 1). All the datepalm genotypes tested in
this study demonstrated optimum response to callus induction when cultured on induction
medium containing 50 uM 2,4-D (Table 2). In general, the response of the genotypes to
callogenesis increased when the concentration of 2,4-D was increased from 50 to 200 pM
except in ‘DPP4’ and ‘DPP5’ for which the increase in the concentration of 2,4-D from
150 to 200 pM did not result in any increase in response to in vitro callogenesis. There
were signicant differences among the genotypes in their response to callogenesis (Fig. 2).
‘DPP1W’ (74.88%) and ‘DPP8’ (74.22%) produced the highest percentage of callus
induction and were different (P<0.0001) from ‘DPP9’ (69.91%). Differences among the
four 2,4-D concentrations tested in this study were also significant (Fig. 4). Among the
2,4-D concentrations tested, 200 uM (85.25%) produced the highest percentage callus
induction and the number of responding leaf segments significantly decreased with
reduction in the concentration of 2,4-D.

Callus Proliferation

In order to asses the effect of 2,4-D on the proliferation of embryogenic callus in
datepalm, white compact callus masses of average weight 100 mg were subcultured on
media enriched with 2,4-D at the same concentrations used for callus induction for 30
days. On the basis of the increase in callus fresh weight the treatments were grouped into
two; in the first group (50-100 uM 2,4-D) the callus fresh weight increased by 1.0- to 2.5-
fold and in the second group (150-200 uM) the callus weight increased by 3.0 to 4.5
(Table 2). Significant differences were observed among the 2,4-D concentrations (Fig. 5)
indicating that the increase in callus fresh weight was influenced by the concentration of
2,4-D. The highest proliferation was recorded with 200 uM and the proliferation
correspondingly decreased when the 2,4-D concentration was reduced. Significant
differences were also observed among the genotypes in their response to in vitro callus
proliferation (Fig. 3) providing an insight that callus proliferation was in one way or the
other influenced by the date palm genotype.

DISCUSSION

Mass propagation and genetic improvement of date palm requires the development
of a reliable in vitro regeneration system. Since callogenesis is a prerequisite step to
achieving in vitro propagation via somatic embryogenesis, development of protocol for
efficient callogenesis is a critical stage in achieving rapid propagation of genotypes of
interest. In this study, the seven date palm genotypes effectively produced embryogenic
callus from immature leaf segments in media containing 2,4-D. In the case of date palm,
leaf segments were reported to be the most competent tissue to form callus (Gueye et al.,
2009). Callogenesis in date palm leaf segments in the presence of 2,4-D is characterized
by two key events; the activation of fascicular paranchyma (FP) and reinitiation of the
cell cycle by callogenic perivalcular sheath cells (PSCs) leading to dedifferentiation and
callus formation (Gueye et al., 2009).

Due to its stability 2,4-D has been used in the induction of callogenesis in a wide
range of species (Gaj, 2004; Ali et al., 2008). All the 2,4-D concentrations used in this
study produced callogenesis >50%, demonstrating the efficacy of 2,4-D in the induction
of callogenesis in date palm. This finding coincides with the report of Sane et al. (2006)
and Othmani et al. (2009) on callogenesis in leaf segments of P. dectylifera. Auxin
mediated callus induction has been linked to certain factors which may trigger the
complete chain of events that influence the ability of cultured cells to grow in an
organized fashion. The presence of specific receptors, that reside either on the cell
membrane or within the cytoplasm (Mockeviciute and Anisimoviene, 1999). A specific
binding site for both auxins has been identified (Kim et al., 2001). A class of proteins
called expansins mediates the proton ability to cause cell wall loosening by breaking the
hydrogen bonds between the polysaccharide components of the wall (Cosgrove, 2001).

179



Proton (H+) pumping and lowering of cytosolic pH result in an elevation of intracellular
calcium level (Shishova et al., 1999). Both cytosolic pH and calcium ions have been
associated with early auxin action (Zhang, 2003). Calcium ions, either themselves and or
along with calcium binding proteins e.g., calmodulin activate the protein kinase cascade
which in turn activates other proteins, including the transcription factors (Wagner, 2001).
These factors presumably interact with the auxin-response elements and regulate the
expression of auxin-inducible or auxin-responsive genes and exert its effect on the cell
cycle and stimulate cell division (Johri and Mitra, 2001).

The current study has shown that callogenesis in date palm increases with a
corresponding increase in the concentration of 2,4-D from 50-200 uM. This phenomenon
was also reported to be more vigorous in date palm leaf segments cultured on media
enriched with 50-200 uM 2,4-D (Othmani et al., 2009) and 54-270 uM NAA (Gueye et
al., 2009).

Callogenesis was to a great extent influenced by the date palm genotypes. For
example, callus induction and proliferation were >74% and >3.3-fold respectively in
‘DPPIW’ and ‘DPP8’, these values were significantly higher (P>0.001) than results
obtained in the other five genotypes tested in this study. The type of callus tissue
developed was also found to be genotype dependent. While white and compact callus was
common to ‘DPP1W’, ‘DPP2W’, ‘DPP4’, ‘DPP8’ and ‘DPP9’, a mixture of white and
brown compact callus was a common feature in ‘DPP3’ and ‘DPP5’. Similar observations
were reported in African cassava by Atehnkeng et al. (2006). Variation in the response of
the date palm genotypes to in vitro callogenesis could probably be due to their
physiological differences, particularly the endogenous IAA levels. Endogenous IAA
levels were demontrated to be the main difference between leaf segments with various
grades of callogenic competence in date palm (Gueye et al., 2009).

In this study all the date palm genotypes demonstrated a high success for
callogenesis in leaf segments obtained from 2-3-year-old offshoots. These genotypes
exhibited optimum callogenesis when culture on modified MS supplented with 50 uM
2,4-D and their response increases with an increase in the concentration of 2,4-D,
demonstrating their high propensity to in vitro callogenesis. Further research is needed to
complete and optimise this protocol in order to solve the problem of date palm planting
materials in the country.
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Tables

Table 1. Fruit phenology and 2007 average yield/plant of the date palm genotypes used
for the in vitro studies in 2008.

Genotype Fruit type Fruit colour Seed Yield/plant (kg)
DDPIW semi dry dark brown small 79.8
DDP2W semi dry light brown medium 106.3
DDP3 dry dark red meduim 50.8
DDP4 soft light brown small 86.1
DDP5 semi dry light brown small 63.2
DDP8 soft dark brown small 68.3
DDP9 dry dark brown small 94.0
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Table 2. Response of datepalm genotypes to in vitro callogenesis from leaf segments

obtained from offshoots in 2008 under different 2,4-D regimes.

50 uM (2,4-D) 100 uM (2,4-D) 150 uM (2,4-D) 200 uM (2,4-D)

Genotype % CI % % % Mt

means+sd means+sd means+sd means+sd
DPP1W 50+7.29 77+8.77 79+10.87 92+6.07 wcC
DPP2W 62+9.64 69+9.47 78+11.52 85+9.47 wce
DPP3 54+10.50 75+12.66 69+12.18 84+7.81 wc,b
DPP4 57+9.64 66+11.12 85+11.05 85+9.40 wce
DPP5 59+12.12 66+6.01 79+7.11 79+7.24 wc,b
DPP8 59+11.20 754+9.79 72+7.95 91+5.93 wce
DPP9 55+9.22 69+4 .81 76+4.97 98+4.82 wcC
Genotype PC PC PC PC )

means=sd means+sd means+sd means+sd
DPP1W 2.67+0.30 3.06+0.35 3.09+0.48 4.36+0.48 wce
DPP2W 2.14+0.42 2.78+0.50 3.07+0.15 3.13+0.94 wce
DPP3 2.50+0.28 2.49+0.16 2.95+0.60 3.27+0.46 wce
DPP4 2.45+0.18 2.80+0.18 4.09+0.42 4.00+0.38 wce
DPP5 2.35+0.06 3.07+0.24 3.45+0.34 3.96+0.56 wce
DPP8 2.38+0.09 2.45+0.15 3.53+0.33 5.16+0.56 wce
DPP9 2.34+0.12 3.62+0.38 3.94+0.49 4.45+0.38 wcC

Key: Cl-callus induction, PC- Proliferation coefficient, sd- standard deviation, Mt-callus morphotype
Proliferation Coefficient = Fresh weight (30 days after subculture)

Figures

Fresh weight (before subculture)

Fig. 1. Callus induction from (10-15 mm) long juvenile leaf segments of date palm (P.
dactylifera). A- white compact embryogenic callus excised from leaf segment of
‘DPP1W’ after cultivation on modified MS supplement with 50 uM 2,4-D for 60
days. B- White and brown compact callus from juvenile leaf segment of ‘DPP3’
after cultivation on modified MS supplemented with 50 uM 2,4-D for 60 days.
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Fig. 2. Effect of genotype on the in vitro callogenesis in date palm.
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Fig. 3. Effect of genotype on callus proliferation 30 days after subculture.
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subculture.
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Abstract

Totipotent protoplasts are considered as a very important tool for plant
genetic improvement. Protoplast were isolated from embryogenic calli in both
‘Deglet nour’ and ‘Takerboucht’ genotypes, calli were initiated from shoot apical
tips of young offshoots of adult female trees growing in the field under natural
conditions.

Embryogenic calli were obtained from shoot apical tips of offshoots excised in
small pieces cultured on solid medium with low concentrations of growth regulators.
The calli formed were friable white and yellow nodular. The isolation of protoplasts
was achieved by transferring the plant material in enzymatic solutions in the dark.
The yield of protoplasts obtained was sufficient to initiate a protoplast culture
Generally, the number of protoplasts obtained was more than 1. 5x10°. The
protoplasts were cultured in both liquid and nurse culture. In terms of cell division
rate, cell division was induced in both liquid culture and on nurse culture, but the
best culture system was the feeder layer. The dividing cells developed to microcalli,
which developed to calli on modified Murashige and Skoog medium. Calli were
picked up and transferred on regeneration media to initiate plant organs.

INTRODUCTION

Date palm (Phoenix dactylifera L.), dioecious and diploid (2n=2x=36), is an
important monocot cultivated in the south of Algeria, mainly in the southeast as Biskra
and in the southwest regions as Adrar. This tree grows in arid lands in high temperatures
that could be higher than 40°C especially in the summer and in soil with a high level of
salts. It offers date fruits as staple food and quite funny ecological conditions for other
cultivated crops as tomatoes, potatoes. In spite of it being an important economic plant in
our country, this species is threatened by numerous diseases like Boufaroua, caused by
Oligonychus afrisiaticus. It attacks especially the date fruits and can lead to fewer yields
(Sedra, 2001); Bayoud, a fungal disease which causes vascular wilt of date palm trees by
Fusarium oxysporum sp. albedinis living in the soil (Brac de la Perriere et al., 1995).

Therefore, it is very important to implement a breeding program for producing
resistant plants with good quality of fruits. Generally, the classical cross breeding of this
species can take more than twenty years to create a new variety. On the other hand, the
number of the offshoots used for date palm distribution is less and insufficient (between 3
to 15 offshoots per tree) during its whole life per variety and per tree (Bouguedoura,
1991).

In our laboratory, we developed a protocol for plant production by somatic
embryogenesis from vegetative and floral explants and from a resistant and a sensitive
cultivar many plantlets were obtained. Recently we developed a protocol for protoplast
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isolation and culture to obtain young plantlets which could have a genetic character of
resistant varieties and sensitive ones with good quality of fruits.

There are many reports on somatic hybridation used in other monocots as in
banana (Musa spp.) (Assani et al., 2005), in rice (Oryza sativa L.) and barley (Hordeum
vulgare L.) (Kisaka et al., 1998).

In the present paper, we studied the isolation of protoplasts from embryogenic
calli and their behaviour in culture. We discussed the optimization of microcalli
production onto two different culture systems; nurse culture and liquid medium and the
capacity of this microcalli to induce calli with regeneration capacity to initiate plantlets on
regeneration medium.

MATERIALS AND METHODS

The offshoots of two date palm varieties were tested: ‘Deglet nour’, a sensitive
variety in the southeast as Biskra and a resistant one ‘Takerboucht’, from Adrar in the
southwest.

‘Deglet nour’ is a cultivar which has the most soft date quality but is very sensitive
to Bayoud disease and ‘Takerboucht’ produces less good fruit but is resistant. The
offshoots were grown in natural fields (3 to 6 kg weight, 20 cm diameter, 120 to 150 cm
tall) obtained from adult female trees. Shoot tips of both genotypes were used as donor
material. To obtain callus culture, both growth regulators 2.4 D and IPA were required.

Preparation of Embryogenic Calli

Date palm callogenesis was achieved on solid Murashige and Skoog medium
(1962), the offshoots were dissected by knives, the dry and lignified leaves were
eliminated until the soft part (shoot tips). The shoot tips of offshoots were sterilized with
0.3% benlate (methyl [1-(butylcarbamoyl) benzoimidazol-2-yl] aminoformate) (DuPont,
France) for 30 min, washed with an aqueous solution of 5.4% (v/v) sodium hypochlorite
in water with two drops of Tween 20 for 45 min. After sterilisation, the tip was rinsed 3
times of 10 min each with distilled water. After sterilisation, the dissection of offshoots
was pursued until the soft, white part (shoot apical tips about 5 cm long, 3 cm diameter).
The shoot apical tips were excised in small pieces (5-10 mm long) and cultured in test
tubes (20 ml, 1 piece ) and on petri dishes (9.5 cm diameter) on solid medium M, (20 ml,
10 pieces per petri dish). The medium consisted of MS salts (Murashige and Skoog,
1962) supplemented with Morel Vltamms (Morel and Wetmore, 1951), 87 mM sucrose,
9.0 uM 2.4-D, 14.76 uM IPA and 7 g L' agar (Sigma, USA). The pH was adjusted to 5.7
before autoclavmg (20 min, 120°C, 1 bar). The cultures were kept at 27°C in the dark.
The explants were transplanted every 4 weeks on the same medium.

Calli Histological Analysis

The histological analysis concerned embryogenic calli and microcalli. They were
fixed in a solution consisting of 100 ml, 4 ml of a 25% glutaraldehyde solution, 50 ml of
phosphate buffer pH 7.2, 20 ml of 10% paraformaldehyde solution, 1 g of caffeine and
26 ml of distilled water (Schwendiman et al., 1988). A vacuum passage of calluses was
released.

Dehydration was made with ethanol progressive degrees followed by
impregnation in methyl methacrylate, embedded in epoxy resin (Historesin from
Reichert-Jung). Sections, 3 um thick, were obtained and then stained with Periodic Acid
Schiff (PAS) and Naphthol Blue Black (NBB) at 60°C and schiff product in the dark as
described by Fisher (1968).

Isolation and Purification of Protoplasts

Selected calli with embryogenic parts prepared from shoot tips of offshoots were
used as donor material for the isolation of protoplasts.

About 1 g f.wt. of embryogenic calli was placed in 15 ml of an enzyme solution
with 1.5% (w/v) cellulase RS (Yakult Pharmaceutical Ind., Japan ), 0.15% (w/v) (Kyowa
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Chemical Products Co, Osaka Japan), 0.2% (w/v) hemicellulase (Sigma, USA), 204 mM
KCl, 67 mM CaCl, (pH 5.6). The enzyme-callus mixture was incubated without moving
in darkness overnight (12-15h). This mixture was filtered through a 100/25 pm metallic
mesh combination to remove cell colonies of calluses. Protoplasts were collected in a
solution composed of 204 mM KCl, 67 mM CaCl, by centrifugation at 66 g for 5 min.
The pellet was suspended twice in the same washing solution composition by
centrifugation (66 g, 5 min). The yield of protoplasts obtained in each isolation was
estimated with a Nageotte hematocymeter. The cell wall regeneration was detected by
calcofluor brightener stain (Nagata and Takebe, 1970).

Culture of Protoplasts

Fresh protoplasts isolated were cultured at a density of >10°. Two types of culture
systems were tested; liquid medium and nurse culture on filter nitrocellulose paper.

The liquid medium (Mb) consisted of MS salts, vitamins of Morel, 0.68 mM
glutamine, 117 mM sucrose, 0.4 mM gllucose, 0.5 mM MES, 1.9 mM KH,PO,4, 9.0 uM
2,4-D, 14.76 uM IPA and 250 mg L™ polyethylene glycol 4000 (PEG). The pH was
adjusted with NaOH (0.1 N) and sterilised by filter (0.22 pm millex GS filters, Millipore
Corporation).

About 3 ml of protoplast suspension in liquid medium was taken and transferred to
the petri dishes (5.5 cm diameter) and correctly sealed with clingfilm and maintained at
27°C in the dark. The nurse culture was prepared by using chopped embryogenic callus of
‘Deglet nour’ with high embryogenic capacity as feeder layer. The PCM liquid medium
(double strength) was prepared the same day of the protoplast isolation. The PCM (Mc)
composition was, MS salts, vitamins of Morel, 2.8 mM glucose, 278 mM maltose,
170 mM sucrose, 9.0 uM of 2,4-D, and 2.5 mM Myo inositol (pH 5.7), it was sterilized
by filter (0.22 um millex GS filters, Millipore Corporation). Suspension calli were
obtained by addition of 100 ml of PCM medium to obtain 0.2%/Agarose mixture. 1.2 g of
Agarose sea plaque (Sigma, USA) was dissolved in 100 ml of distilled water, the pH was
adjusted to 5.7 and autoclaved at 120°C during 20 min. Aseptically, when the temperature
of agarose decreased to 30-40°C, the liquid medium was slowly mixed with 100 ml PCM
containing nurse callus cells. The mixture was quickly distributed into small petri dishes
(5.5 cm diameter). After an average of one hour, the medium was covered with sterilised
nitro-cellulose filter (AA, type Millipore corporation). All cultures were maintained at
27°C in the dark. The behavior of protoplasts in culture was studied under microscopic
observation and cell wall regeneration was determined by calcofluor white brightener
stain (Nagata and Takabe, 1970).

The microcalli formed were cultivated onto callus induction medium containing
MS salts with 13.5 uM 2,4-D and 14.76 pM IPA; Morel vitamins and 3 g gelrite. The
calli were transferred to the regeneration medium, it consisted of MS salts with 14.76 uM
IPA and 1.4 uM 2,4-D. The cultures were transferred onto the medium without growth
regulators and were kept in the dark at 27°C.

Data Collection and Statistics

Three independent assays were realised and the results obtained at each
investigation were reported. We tested 10 petri dishes. The yield of protoplasts obtained
was calculated after 3 independent countings of viable protoplasts. The rate of dividing
cells was calculated after 1 week of protoplast plating. The number of microcalli induced
were reported after each subculturing.

RESULTS

This investigation presents a protocol followed to obtain a high intensity of
embryogenic calli and how to isolate protoplasts from them and on the other hand, the
most important factors influencing their behaviour in culture for inducing microcalli and
their capacity to develop plant organs.
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Explants Callogenesis

Explants of the ‘Deglet nour’ genotype showed more callogenesis capacity than
‘Takerboucht’ explants on medium containing 9.0 uM 2,4-D and 14.76 uM IPA, we
noted that many other concentrations of growth regulators were tested (data not shown),
callogenesis depended on the season of culturing. When offshoots were taken from palm
groves in spring, the explants obtained from shoot tips showed more fast activity in
callogenesis than in the other seasons. After 3-6 months of culture, yellow
nodular/compact and white friable calli were obtained in both genotypes, ‘Deglet nour’
and ‘Takerboucht’ (Fig. 1a).

Concerning the rate of calli obtained, it was about 50% of calli in ‘Deglet nour’
and to 36% of calli in the ‘Takerboucht’ genotype.

Histological sections of this callus showed the formation of many individual
spherical structures with different diameter. These cell aggregates were composed of
small meristematic cells with rich and dense cytoplasm, a big nucleus containing 1 or 2
nucleolus. The number of these spherical structures was raised; they were most likely to
form embryogenic calli (Fig. 1b).

Protoplast Isolation and Behavior in Culture

To induce microcalli formation from protoplasts and testing their capacity to
develop in plant organs, the following factors were assessed; nature of calli, nurse cells,
culture system.

Under the present experimental conditions, the yield of protoplasts obtained was
sufficient to initiate a protoplast culture. Generally, the number of protoplasts with
circular shape obtained was more than 1. 5%x10° (Fig. 1c) in both culivars. Neverthess, the
protoplasts of ‘Takerboucht’ had a brown color and ‘Deglet nour’ protoplasts were
transparent.

After culture in two liquid media and on filter nitrocellulose, protoplasts of both
varieties showed cellular wall induction with cell shape modification with time. Despite,
the induction of protoplast division in both genotypes tested. The liquid medium showed
a very low rate of dividing cells to undivided cells in comparison to those plated on a
nitrocellulose filter.

Concerning the protoplast cultured on nitrocellulose filter paper, they showed
many dividing cells, at the beginning, after 2 to 3 days of culture, protoplasts showed a
shape modification from round to oval. With time, the cells revealed a second, third and
several divisions in order to constitute a microcallus (Fig. 1d, e).

The number of microcalli obtained varied with the substratum nature (Fig. 2), it
was higher on a nitrocellulose filter than in liquid medium, the average number was
16000 per petri dish on nitrocellulose and 300 in liquid medium after 3 months of culture,
independent of the variety, ‘Deglet nour’ or ‘Takerboucht’.

Microcalli Transformation

After subculturing, on the callus induction medium, the microcalli were
transformed to very soft and friable white calli after 2 months on MS salts with 13.5 uM
2,4-D and 14.76 uM IPA; with nodular proembryogenic structures less than 2 mm of
diameter. About 25% of the microcalli developed to callus.

These calli developed to somatic embryos onto medium containing MS salts with
14.76 uM IPA and 1.4 uM 2.,4-D (Fig. 1f).

Placed onto medium without growth regulators, many somatic embryos showed
mainly radicular parts at first in comparison to a few of them which expressed a caulinar
part at first. We noted that somatic embryos which started with a radicular part did not
develop any more caulinar parts.

DISCUSSION
In the present study, we developed a method for regeneration of protoplasts till
expression of somatic embryos.
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The first step is callogenesis induction; we noted that the rate of calli obtained in
explants cultivated in spring was more important than others cultivated in autumn, winter
and summer (Chabane, 1995). The calli activity was expressed on MS culture medium
containing low concentrations of 2,4-D and IPA. This work confirms that the association
of 2,4-D/IPA was more important for inducing a most important mass of calluses in date
palm. Othmani et al. (2009) reported that 2,4-D was necessary to induce callogenesis and
embryogenesis in date palm trees and the concentration required varied with Tunisian
genotypes as ‘Amsekchi’ (Sané et al., 2006), ‘Jihel’, ‘Bousthami noir’ (Zouine and El
Hadrami, 2007) and ‘Deglet nour’ (Fki et al., 2003).

This investigation presents a protocol followed to isolate protoplasts and the most
important factors influencing their behaviour in culture and their capacity of regeneration
of date palm trees. Our previous study showed that the mixture of cellulase RS,
pectolyase and hemicellulase was more beneficial for the isolation of protoplasts from
young leaves of offshoots and from calli in date palm (Chabane et al., 2007).

Concerning the effect of growth regulators on microcalli induction, it was
observed that many microcalli were initiated on 2,4-D alone (9.0 uM of 2,4-D), in
contradiction to Rizkalla (2007) who noted that microcalli initiation required a high
concentration of 2,4-D as 100 mg and 3 mg of 2IP.

The critical step in this work was the induction of mitotic activity and their
transformation to microcalli, which could be recalcitrant. A comparison from two culture
systems used for regenerating protoplasts showed that the nitrocellulose filter allowed
more mitotic activity and microcalli formation than liquid medium. The important
division activity of protoplasts occurred with the feeder layer as embryogenic calli, which
has efficient effects on mitotic activity on protoplast, then on microcalli production. It is
important to note that the embryogenic calli could be a source of young meristematic
cells, which could be a powerful tool for microcalli initiation. Many researchers reported
this positive impact of embryogenic cells as nurse cells ten years ago. Since 1989, Eigel
and Koop and Karp and Lazzeri (1992) published that nurse cells could produce growth
promoting factors (GPFs) which affected protoplast divisions.

The use of nurse culture was reported as a tool to solve problems of regeneration
of recalcitrant protoplasts (Horita et al., 2002; Sun et al., 2004). Recently, Assani et al.
(2006) observed that the use of nurse culture significantly improved the protoplast
dividing and microcalli formation in Musa spp.

Varotto et al. (2006) noted that in Cichorium intybus, microcalli developed into
minicalli which produced buds via organogenesis, young differentiated buds from calli
were transferred after 5 months of culture for rooting.

In our experimental conditions, microcalli obtained from dividing protoplasts
developed very soft white calli and white somatic embryos.

Concerning the regeneration of somatic embryos, they initiated a radicular part.
Nevertheless, a very low number of somatic embryos (2%) started with a caulinar part
initiation and rooting for regenerating plantlets. In contrast, Yu et al. (2000) have also
reported that somatic embryos developed from protoplast-derived microcalli or
proembryos, but 33.1% of white somatic embryos regenerated into plantlets.

Then, it is very important to improve the calli regeneration process from
protoplasts and their development into plantlets.

CONCLUSION

This study presented a method for isolation of protoplasts from embryogenic calli
in date palm trees and all conditions used to induce their mitotic activity of cells and their
transformation to microcalli culture media (1) enzymatic mixture, time of incubation
solution, (2) the substratum of culture used for microcalli initiation and proliferation, (3)
calli multiplication and regeneration to somatic embryos with large number with radicular
part without culinary part except a few of them.

In the next study, it is important to improve the experimental protocol for
protoplasts regeneration.
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In order to find the most conditions which have a positive effect on the quality of
microcalli to raise them and to induce calli with regeneration of strong somatic embryos,
which could lean on caulinary production to radicular expression, it is important to focus
on the growth regulators concentrations used for many shoot expression to raise the
number of them and search the efficient method for optimization and conservation of
protoplasts.
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