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جائزة خليفة الدولية لنخيل التمر واالبتكار الزراعي
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In addition to a trophy carrying the  winner’s name and a recognition certificate
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Our Tree
Expo 2020 Dubai, a legendary ceremony, 
celebrating humanity

The world has recently witnessed the opening of Expo 2020 Dubai, where it 

represents a major international event, and which was held in Al Wasl Plaza, the 

heart of Expo, as it links between its three main districts, “Sustainability, “Mobility” 

and “Opportunity”. Expo 2020 Dubai, is held for the first time in the Middle East, 

Africa and South Asia, with the participation of representatives and delegations of 

192 countries, international organizations, and institutions, which were keen to come 

to Dubai, to present their culture to the world during six months, where the World’s 

future will be drawn by providing solutions, innovations and ideas that will help 

achieve people’s aspirations towards a better future. 

The United Arab Emirates’ 50 years journey, is a success story, written by our leaders 

and people, reflecting the values that are the basis of their ambitions and confidence, 

and which enabled them to have great achievements. The UAE’s relationship with 

the World Expo platform is not new, as it extends to 1970, a year and a half before 

the UAE’s union, in Osaka, Japan, where the UAE first participated, and presented 

its culture to the world in a pavilion inspired from Al Jahili fort, which is located in Al 

Ain city.

Investing in building people is the UAE’s main focus, following its leaders’ wise vision. 

In parallel with the infrastructure development, economy diversification and creating 

prosperity opportunities. While the UAE is preparing to its golden jubilee year to 

share with the world the lessons it has learnt, as the most important lesson was 

connecting minds, where the UAE achieved a lot that others thought was impossible. 

This wise vision is what encouraged the UAE to apply to host the World Expo in 2011, 

and was the reason we chose the slogan “Connecting Minds, Creating the Future”.

Today, 192 countries are meeting, each represented by its own pavilion, unprecedented 

in the 170-year history of the World Expo.  Hosting Expo 2020 in the UAE, also carries 

a great message, that tolerance, coupled with coexistence, is our approach, and that 

we welcome cooperating with all countries from across the world. As our minds 

connect, we sow the seeds of progress over the next 50 years, and even over the 

next 100 years, and this is the vision that we must bear in our minds, as every reality 

that has been achieved, was once a vision.

 

We also emphasize the UAE’s keenness to raise opportunities for acquaintance, and 

culture exchange worldwide, welcoming all expo participants.

Nahayan Mabarak Al Nahayan

Minister of Tolerance and Coexistence,

Commissioner General of Expo 2020 Dubai.





Our Message

UAE seeks climate neutrality by 2050

Storms, floods and natural fires are increasing around the world. Unfortunately, air 

pollution affects the health of tens of millions of people, while unexpected weather 

fluctuations cause untold damage to housing and livelihoods as well. Although climate 

change is causing severe damage, there has also been a progress in addressing it, and 

working on having cleaner air quality, which creates job opportunities, helps restore 

nature, and boosts economic growth.

Although opportunities are available, we are moving with a slow pace. Where in order 

to avoid a worse crisis, we must join forces immediately. In November 2021, the UK 

will host a summit that many believe will be the world’s best last chance to control, 

the out-of-control climate change. For almost three decades, the United Nations has 

been holding climate change summits - conferences of states parties - and called 

by almost every country in the world, these are the Climate Action Summits. During 

that time, climate change shifted from a marginal issue to a global priority. This year’s 

summit will be the 26th annual Climate Action Summit (COP26), in Glasgow.

As an international responsibility to reduce the negative effects of climate change, 

the United Arab Emirates government announced on 7th October, 2021, in the 

presence of H.H.  Sheikh Mohamed bin Zayed Al Nahyan, Crown Prince of Abu Dhabi, 

and Deputy Supreme Commander of the Armed Forces, at the UAE’s pavilion, at 

Expo 2020 Dubai, the UAE’s strategic initiative to achieve climate neutrality by 2050, 

which comes as a culmination of the UAE’s efforts to positively contribute to control 

climate change, and work to transform challenges in this sector into opportunities 

that guarantee a bright future for our future generations. His Highness stressed that 

the UAE, after announcing the initiative of climate neutrality by 2050, continues its 

active and globally influential role in the prevention of climate change, as its supports 

climate action efforts and the strengthening of international cooperation to take 

advantage of all economic and social opportunities.

Achieving climate neutrality by 2050, aims to develop a comprehensive government 

approach that ensures UAE’s sustainable economic growth. The announcement is 

also the culmination of the country’s efforts and progress in working on this topic 

regionally, and internationally,  over the past three decades since it joined the United 

Nations Framework Convention on Climate Change in 1995, where the UAE since 

then adopted a wide range of legislations, and implemented several measures, which 

aimed at reducing emissions and providing sustainable solutions, in line with best 

practices in all vital sectors, including energy, industry and agriculture.

The announcement of climate neutrality, came in line with the Paris Climate 

Agreement’s goals to motivate countries to develop and adopt long-term strategies 

to reduce greenhouse gas emissions and global temperatures below 3.3 degrees 

Celsius to 2 degrees compared to pre-industrial levels.

Dr. Abdelouahhab Zaid, Prof.

Secretary General

Khalifa International Award for Date Palm and Agricultural Innovation
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Blessed Tree Magazine.

2. The article should appended 

with the specialized sources and 

references. and consisting of not 

less than 2000-3000 words.

3. Attach original pictures 

suitable for each article in the 

format (jpg) minimum 1000 

KB per image

4. The magazine is under no 

obligation to return the 

received articles to senders, 

whether published or not.

5. Together with the scientific 

material, the author should 

send a personal photo with 

his C.V, showing full name with 

father’s name, phone number 

and Agricultural Innovation.

6. The articles published in the 

magazine necessarily reflect 

the views of their authors and 

are not binding to Award’s 

administration.

7. Arrangement of the scientific 

articles in the magazine is subject 

to technical considerations.

8. The magazine pages are open 

for all lovers of date palm 

and agricultural innovation 

worldwide for localization of 

knowledge and building of a 

sustainable community.

9. The Award shall have the right 

to dispose with the photos of 

the published articles in any 
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Introduction

The 17 (SDGs) Goals adopted 

by UN member countries, 

in 2015, are considered as 

a roadmap and a global 

commitment. As it is a global 

plan to achieve the sustainable 

development goals, and which 

includes all sectors, and 

consists of 17 global goals, 169 

targets, indicators, and means 

of implementation.

Khalifa International Award for Date 

Palm and Agricultural Innovation 

General Secretariat, seeked since 

its establishment in 2007, to have 

a consistent vision, goal, and 

message with the development 

goals (2000-2015) and with the 

sustainability development goals 

(2015-2030), where the Award 

succeeded in developing the date 

palm cultivation, and agricultural 

innovation sectors’ infrastructure at 

the national, and international levels.
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Award’s Vision, Mission, 
and Objectives: 

Presenting the vision, mission, 

and objectives of Khalifa 

International Award, reflects 

the wide compatibility with 

the United Nation’s sustainable 

development goals (SDGs). 

Where the Award’s vision 

comes to support and develop 

the date palm cultivation, 

and agricultural innovation 

sectors’, in order to achieve the 

sustainable development, 2030, 

while the Award’s message 

is to honor the distinguished 

efforts made to develop the 

agricultural sector aiming for 

sustainable development for 

us and the future generations, 

and to establish national, 

regional and international 

cooperation between concerned 

organizations in the fields 

of  date palm cultivation, and 

agricultural innovation , and 

also spreading the date palm 

cultivation knowledge among 

various target groups regionally 

and internationally.

While the Award’s main 

objective comes to highlight to 

the world the great interest of 

H.H. Sheikh Khalifa bin Zayed 

Al Nahyan, President of the 

UAE, “May God protect him”, 

in date palm cultivation and 

agricultural innovation, and His 

Highness’ generous initiatives in 

organizing activities to support 

research in this field, and to 

embrace the UAE’s leading role 

in supporting creativity and 

innovation in the agricultural 

field in general, and date palm 

cultivation in particular. The 

Award also pays great attention 

to environmental protection, 

fighting poverty, and increasing 

green areas, to achieve 

sustainable development. In 

addition to supporting scientific 

research, encouraging and 

appreciating professionals 

working to develop the date 

palm and agricultural sectors, 

in the UAE and worldwide. The 

Award is also benefiting from 

various previous experiences 

to improve the agricultural and 

date palm sectors in accordance 

with the best international 

practices.

This confirms that the Award’s 

vision, mission, and objectives 

had great benefit globally, 

and efficient implementation, 

where the Award’s General 

Secretariat has wisely used 

its great relationship with 

expertise and international 

organizations, to serve and 

develop the date palm sector 

regionally and internationally, in 

coordination with local partners 

in each country, to promote 

the growth of this sector and 

specialists working in it, create 

new employment opportunities, 

economic growth and better 

quality of life,  within the 

criteria of the United Nations 

Sustainable Development Goals 

(SDG17).

Award’s Activities and 
Achievements:

Following the directives of 

H.H. Sheikh Mansour Bin 

Zayed Al Nahyan, UAE Deputy 

Prime Minister, Minister of 

Presidential Affairs, and the 

continuous follow-up of H.E. 

Sheikh Nahayan Mabarak Al 

Nahayan, Minister of Tolerance 

and Coexistence, Chairman of 

the Award’s Board of Trustees, 

all the national efforts were 

guided to support and develop 

the date palm cultivation sector, 

by launching a set of initiatives 

and development projects, 

aiming to  enhance food 

security and achieve sustainable 

development, that could be 

briefly presented as follows: 

• Organizing 13 Sessions of 

Khalifa International Award 

for Date Palm and Agricultural 

Innovation (2009-2021), with 

the participation of 1,648 

candidates, representing 56 

countries from around the 

world.

• Organizing 3 sessions of the 

Distinguished and Innovative 

Farmer Award, (2018-2020), 

with the participation of 192 

farmer, form across the UAE.

• Organizing 12 sessions of 

“The International Date Palm 

Photography” competition, 

with the participation of 

3,971 photographer from 54 

countries.

• Organizing 5 sessions of 

“The International Date Palm 

Poetry” competition, with 

the participation of 586 

poets and representing 18 

countries.

• Organizing the International 

Egyptian, Sudanese, 

Jordanian, and Mauritanian 

Date Palm festivals, annually.

• Organizing the annual Abu 

Dhabi International Date Palm 



9

Bio-Circular
Economy and

Date Palm
Industy

1. Grow
/Cultivate

2. Collect
/Transport

6. Educate
/Construct

4. Recycle

3. Collect
/Transport

5. Design
/Innovate

Exhibition (2015-2021).

• Organizing the International 

Date Palm Conference, every 

four years, (1998-2022), 

with the participation of 

1,754 researcher, from 45 

countries.

• Organizing a Ministerial 

conference for date 

producing countries to 

develop a framework strategy 

for the eradication of the red 

palm weevil, (2019).

• Launching the Abu Dhabi 

Declaration to Combat 

Red Palm Weevil, and 

establishing a trust fund 

under the supervision of 

(FAO), (2019).

• Establishing refrigerated 

date stores in AL Wahat Al 

Bahariya, in the Arab Republic 

of Egypt, with a capacity of 

4,000 tons, (2019).
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• Rehabilitation of the Siwa 

government dates factory, in 

the Arab Republic of Egypt, 

with a production capacity of 

10,000 tons per year, (2017), 

and the New Valley Dates 

Complex, with a production 

capacity of 5,000 tons per 

year, (2019).

• Launching the largest 

electronic library, which 

includes 299 scientific 

sources in both Arabic 

and English, specialized 

in the fields of date palm 

cultivation, and agricultural 

i nnovat ion .

Idea behind the Arab 
Date Festivals:

Organizing date festivals in 

date producing areas, in the 

Arab countries, is mainly based 

on the Award’s vision, which 

considers the improvement of 

job opportunities and living 

standards of date producing 

families. Where to achieve this 

vision, the Award’s General 

Secretariat coordinates with 

the concerned ministries and 

investors in the date-producing 

countries, to develop the date 

palm cultivation infrastructure, 

and improve living areas 

of date producing families, 

through establishing multiple 

development projects, such 

as refrigerated date  stores, 

and guiding farmers on how 

to produce organic dates 

according to internationally 

recognized standards, 

without undermining natural 

resources, which contributes 

to expanding the scope of 

communication, and the 

availability of Arab dates 

in the global markets. As a 

result, the Award gained a 

significant role in achieving 

the sustainable development 

goals 1 - The Eradication of 

poverty, and the sustainable 

development goal 2 - The 

Eradication of hunger.

Goals 1 and 2 of the Sustainable 

Development Goals (To End 

Poverty) and (To End Hunger):

The Award’s general secretariat 

worked for several years to host 

date palm farmers from various 

date producing countries, 

within the date festivals and 

exhibitions it organized in 

several Arab countries, with the 

aim of providing an opportunity 

for small farmers and date 

producers in the Arab region 

to participate in festivals and 

date exhibitions in order to 

exchange experiences between 

farmers from date-producing 

and processing countries, and 

to provide the opportunity to 

export Arab dates to various 

countries across the world, 

through direct communication 

with international date trading 

organizations, hosted by the 

Award in Each exhibition, and 

this, in turn, has a direct result 

on the improvement of the Arab 

dates reputation internationally, 

and thus the increase in global 

demand for Arab dates, which 

what has been  highlighted  in 

official statements by senior 

officials in this sector in the 

Arab countries.

The Award also worked to 

improve the quality of Arab 

dates to be in line with 

the requirements of the 

international markets, by 

supporting and rehabilitating 

more than 200 date palm 

farms in Siwa Oasis in the Arab 

Republic of Egypt to obtain an 

organic farming certificate for 

dates (Ecocert) accredited by 

the European Union, which in 

turn contributed to enhancing 

the competitiveness of Arab 

dates, with other international 

dates. This all contributed to 

improving the income level 

of the small farmers, and 

even eliminating hunger and 

poverty among the farmers 

and date producers in the Arab 

countries.
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Sustainable Development - 

Goal 8 (Appropriate work and 

Economic growth):

The Arab dates exhibitions 

and festivals held, (more than 

16 festivals and exhibitions in 

six countries), contributed to 

enabling a wide commercial 

activity of date palm growers, 

producers and processors 

in the Arab countries, by 

promoting comprehensive, 

diversified and productive 

rural economies that creates 

decent job opportunities and 

increases the income. This has 

been implemented in Siwa 

Oasis in the Arab Republic of 

Egypt, where the International 

Festival of Egyptian Dates in 

Siwa, which took place for 

four consecutive years (2015-

2018), and contributed to 

improving the lifestyle and 

increasing the productivity 

capacities. It also led to an 

increase in the number of date 

packaging factories, where 

this is supported by a number 

of performance indicators, for 

example, the Egyptian date 

exports increased during the 

festival’s organization period 

to 17%, while the amount of 

dates imported from outside 

the country decreased by 

about 25%. This indicates the 

contribution of the Award’s 

activities and events to 

increasing the economic growth 

of the date palm cultivation 

sector in order to achieve 

sustainable development for 

agricultural communities. 

As the Award has extensive 

knowledge, experience, and 

high-level partnerships with 

international organizations 

that it relies on to support the 

development of value chains of 

the Arab dates.

Sustainable Development - 

Goal 9 (Industry, Innovation 

and Infrastructure):

The Award also contributed 

to promoting innovation 

in the agricultural sector, 

at both the individual and 

institutional levels, in support 

of sustainable development 

goals, by encouraging 

innovation and providing the 

opportunity for innovative 

agricultural entrepreneurs to 

compete for one of the Award’s 

categories (The Pioneering 

and Advanced innovations 

serving the Agricultural sector). 

Where each year, the Award 

receives hundreds of innovative 

agricultural projects, and the 

winner receives a trophy, an 

appreciation certificate, and 

an amount of more than 200 

thousand USD. The number of 

participations in this category 

has reached more than 298 

participant, from 56 countries 

from across the world. These 

innovative projects contributed 

to improving the quality of life, 

work systems and sustainable 

production in the agricultural 

sector.

Sustainable Development 

- Goal 12 (Responsible 

production and consumption):

The Award also contributed to 

creating a balance between the 

production and consumption 

systems in the date palm 

cultivation sector, to a more 

sustainable practice, through 

the knowledge transfer, by 

holding a series of workshops 

for the farmers, where the 

Award hosted more than 
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thirty international experts in 

cooperation with international 

organizations in the field of date 

palm cultivation, and agricultural 

innovation.

Sustainable Development - 

Goal 13 (Climate Effects) And 

Goal 15 - (life on earth): 

The Award’s projects at the 

regional and international levels, 

had a direct positive impact on the 

development of the agricultural 

sector in general and the date 

palm cultivation in particular in 

the date producing countries, 

as it directly contributing to 

enhancing climate awareness 

for workers in this sector. 

The Award’s investment in 

sustainable farming methods 

in date-producing countries, 

by encouraging farmers and 

dedicating traditional farming 

patterns, contributed to better 

preserving of the natural 

resources, and increasing the 

ability of cultural agricultural 

systems to adapt to climate 

change. This also contributed 

to achieve Sustainable 

Development Goal13 (Climate 

Effects) and goal 15 (Life on 

Earth).

Sustainable Development 

- Goal 17 (Partnerships to 

achieve the goals):

The Award’s General 

Secretariat, signed more 

than 38 memoranda of 

understanding, during the 

period from (2015-2021), with a 

number of concerned ministries 

in the date palm cultivation 

sector, and agricultural 

innovation, as well as a number 

of international organizations, 

civil society organizations, 

and private sector companies. 

This has built a framework 

to the partnerships with 

those ministries and 

organizations, with the aim to 

extend communication and 

cooperation, and promoting 

comprehensive, diversified 

and productive rural 

economies, including business 

areas related to the date 

manufacturing and trading, 

through the implementation 

of a number of initiatives 

and projects or organizing 

Conferences or festivals, 

where this allowed  analyzing 

those projects and initiatives 

implemented by the Award 

in several Arab countries, in 

order to develop the date 

palm cultivation sector, and 

agricultural innovation in those 

countries, and achieving food 

security and the Sustainable 

Development Goals (SDG17).

Conclusion: 

Khalifa International Award 

for Date Palm and Agricultural 

Innovation, has become one of 

the most important institutions 

concerned with supporting 

and developing the date palm 

cultivation, and agricultural 

innovation sectors, and working 

in accordance to the Sustainable 

Development Goals (SDGs) in 

cooperation with regional and 

international organizations, 

under the directives of the wise 

UAE’s leadership.
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The Rise of Modern 
Date Palm Cultivation 
as Reflected by Postage 
Stamps and First Day 
Covers

Dennis V. Johnson
PhD Consultant, USA

djohn37@aol.com

Introduction

Postage stamp collecting may 

well be the most popular hobby 

in the world because it presents 

a fascinating amalgam of history 

and geography and can be 

initiated by simply salvaging 

cancelled stamps at no cost.  The 

first postage stamp was issued 

in England in 1840 and featured 

a profile of Queen Victoria, 

establishing the precedence 

that stamps could be attractive 

as well as functional. Stamp 

collecting soon followed and 

some twenty years later the term 

philately was coined for the study 

of stamps and their history.  Over 

time, the illustrations on stamps 
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proliferated from royalty and 

prominent national personages 

to the widest of imaginable 

subject matters.  The selective 

collection of thematic stamps 

such as those featuring plants 

emerged as a subspecialty 

hobby. The initial representation 

of a date palm on a postage 

stamp is not easily identified 

because in many instances 

pinnate leaf forms, which may 

or may not represent a date 

palm, are employed in stamp 

design. A simpler criterion is 

the representation of an entire 

date palm.  A routine online 

perusal of stamp catalogues of 

date-growing countries revealed 

what may be the first such 

date palm stamp: Kingdom of 

Egypt express stamp depicting 

a motorcyclist with date palms 

in the background, with a value 

of 20 mills, emitted in 1926.  

Another early example is a set 

of three 1931 airmail stamps from 

the former Italian Libya colony 

of Tripolitania, located along the 

Mediterranean Sea, which depict 

a date palm in the background; 

these along with a pair of 1940 

Libyan airmail stamps with date 

palms are shown in Figure 1.  It 

appears that most countries 

producing dates have featured 

the palm on their postage 

stamps.   The date palm is integral 

to the Saudi and Qatari national 

emblems, with the emblem in 

turn appearing on some stamps.  

First day cover (FDC) collecting 

is a specialized stamp hobby, 

centering on letter envelopes 

with an affixed stamp or stamps, 

hand-cancelled at their time 

of issue, along with a cachet of 

printed information and designs.  

Research uncovered ten such 

first day covers, portraying 

date palms as the main subject, 

emitted between 1959 and 2018, 

by nine date-growing countries 

and territories. Descriptions of 

these FDCs are presented in 

Table 1.  

Table 1. First Day Postal Covers Featuring the Date Palm

Country or Territory: Cachet Stamp(s) Details Date and Place of Issuance

Bahrain: First Day Cover. Date 
Palm Trees in State of Bahrain

Set of 4 different stamps of 80, 
100, 200 and 250 fils, displaying 

date palms and fruit stages
21 March 1995, Bahrain

Dubai: First Day Cover. Arab 
Palm Tree and Dates Day

Set of 2 different UAE stamps, 
50 fils and 1 dirham, displaying a 
date palms with fruit bunch inset 

and a group of date palms

15 September 1987, Dubai

Iraq: Iraq’s Eternal Plant Date 
Palm F.D.C. Iraqi Philatelic So-
ciety, 2nd F.A.O. Dates Confe. 

Baghdad

Set of 3 identical illustrated 
stamps of 3, 10 and 15 fils, with a 

row of date palms in fruit
27 December 1965, Baghdad

Israel: As no part of the palm 
has any waste,  the dates being 
eaten, the branches for Hallel, 

the twigs for covering, the bast 
for ropes, the leaves for besoms 
and the planed boards for ceiling 
rooms – so there are none worth-

less in Israel

Set of 3 different stamps of 2.50, 
7.40 and 8.30 shekels, depicting 
religious ritual use, fronds and 

fibers, and palm frond roof 

28 August 2018, Jerusalem

Libya: FAO 1st International Date 
Conference, Tripoli – Libya 5th – 
11th December 1959. First Day of 

Issue

Set of 3 identical design stamps 
of 10, 15 and 45 mills, showing 

fruiting date palms
12 December 1959, Tripoli
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Note: this list is not exhaustive

The modern era of date palm 

research and development 

began in the late 1950s, 

spearheaded by the Food and 

Agriculture Organization of 

the United Nations (FAO).  The 

FAO initiative is celebrated in 

the FDCs from Libya (1959) 

and Iraq (1965).  Photographs 

of five of the FDCs described 

in Table 1 are presented in 

Figures 2 to 5, from Libya, 

Bahrain, United Arab Emirates, 

Palestine and Israel, to show 

the diversity of designs they 

represent. The nine FDCs, 

issued in the past sixty 

years, mirror the increasing 

importance of world date fruit 

production over the same time 

period.

Country or Territory: Cachet Stamp(s) Details Date and Place of Issuance

Libya: Dates of Libya, First Day 
Cover, Premier jour d’émission

Set of 5 identically illustrated 
stamps of 500, 1000, 2000, 
5000 and 10000 dirhams

31 December 2015, Libya 

Mauritania: République Islami-
que de Mauritanie. Primier Jour 

d’Émission. Arbres de Mauritanie

Single dattier stamp of 20 francs, 
showing several date palms; 4 

additional stamps portray other 
native trees

15 May 1967, Nouakchott

Oman: Sultanate of Oman 2016, 
Fourth Festival of Omani Dates, 

First Day Cover

Single stamp of 100 baisa value, 
portraying two baskets of fancy 

date fruits
23–31 Oct. 2016, Muscat

Palestine: Palestine Post. First 
Day Cover. Palm Trees and Dates. 
Cachet includes reduced repro-
ductions of 3 envelope stamps 

and a 4th with a date palm scene

Set of 3 stamps of 150, 200 and 
500 mills individually featuring 
Hayani, Berhi and Mejool date 

fruits

25 August 2017, Palestine 

United Arab Emirates: First Day 
Cover 2016. Date Palm Leaf. Khal-
ifa International Award for Date 
Palm and Agricultural Innovation

Single stamp of 3 dirhams, with a 
portrait of H.H. Sheikh Khalifa Bin 
Zayed Al Nahyan and date palm 

fronds

15 March 2016, United Arab Emir-
ates

Fig.1  Date palms in the design of Libyan airmail stamps from 1931 

(above) and 1940 (below)
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Fig. 2.  Libyan Date Palm First Date Cover 1959

Fig.  3.  Bahrani Date Palm First Day Cover 1995
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Fig. 4.  Emirati Date Palm First Day Cover 2016
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Fig. 6.  Israeli Date Palm First Day Cover 2018

Fig. 5.  Palestinian Date Palm First Day Cover 2017
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for Plantation Forestry in 
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Dr. M. A. U. Mridha
Ex Professor, Plant Production Department, 

King Saud University, Saudi Arabia.

mridha52@gmail.com

Summary

To cover the huge desert 

landmass in the Middle East 

Regions with the plantation of 

forest tree seedlings needs a 

big affords of proper plantation 

technologies. We have developed 

a few innovative technologies 

to have successful Plantation in 

the regions. The first innovative 

technology is use of Mycorrhizal 

Fungi in raising mycotrophic 

seedlings for better growth and 

survival under field conditions. 

The second innovation, microbial 

compost fertilizer composed of 

organic manure (from the dairy 

and poultry farms available in 

regions) and a few beneficial 

soil microorganisms may be 

used in the nursery and the field 

conditions. The seedlings will 

be transplanted in gunny bags 

placed in the plantation sites 

(hole). Those bags will contain 
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Bio-organic fertilizers, as well as 

Solid Organic Waste, which may 

also be placed directly in the 

hole. The last innovation will use 

a very interesting and important 

technology on the introduction 

of mycotrophic green manure 

producing weeds by raising 

around the planted seedlings 

to facilitate nutrient cycling and 

water availability. The mycorrhizal 

fungi and beneficial soil 

microorganisms incorporated 

with the Bio-organic fertilizers 

in our innovative approaches 

will play a significant role in 

seedlings’ growth in the nursery. 

It also helps in increasing the 

survival rate and better growth 

of the plants providing sufficient 

nutrients and water availability 

under harsh environment and 

soil conditions in the regions to 

overcome the transplantation 

shocks. 

Background

Millions of people throughout 

the World are living in arid lands 

characterized as too dry for 

plantation forestry.  The dry land 

areas (40% of world land surface) 

are home to over 2 billion people, 

accounting for 35% of the 

world’s population. More than 

90% of dry land inhabitants are 

in the developing world and 70% 

in rural areas. Approximately 

half of the poorest people in the 

world live in the dry areas. There 

is an urgent need to develop 

appropriate technologies for 

plantation forestry for this 

region to restore the proper 

environmental conditions and 

economy of the regions. 

The soils of the greater part of 

Middle East regions is calcareous, 

sandy, has low water-holding 

capacities, high infiltration 

rates, high evaporation rates, 

low fertility level, and very low 

organic matter content. The 

productivity of these soils is 

thus limited. The mentioned 

environmental problems and 

soil constraints can be alleviated 

through the afforestation 

program.

Any successful plantation 

depends on the supply 

of healthy, disease-free, 

vigorously growing planting 

material (seeds and seedlings) 

collected from the genetically 

improved mother plants. The 

planting material must be 

grown in such a way that they 

may sustain the transplantation 

shock by maintaining the 

water relation and the supply 

of proper nutrients to survive 

under field conditions. To 

overcome all these constraints, 

we are proposing a few 

innovative technologies that 

may be followed to have good 

planting materials and have a 

successful plantation.

 

Innovative approaches 
(technologies) for 
successful plantation

We followed a few innovative 

technologies for the 

production of seedlings under 

nursery conditions and their 

plantation in the field sites and 

also long-term intercultural 

operation for survival and 

proper establishment of 

seedlings in the plantation 

sites. An elaborate program 

may be designed to fulfill the 

introduction of the proposed 

innovative technologies 

mentioned below and all sorts 

of research and development 

activities (like collection of 

seeds, planting seeds, selection 

of growing substratum, nursing 

seedlings, use of different 

types of inoculants, optimizing 

conditions of growing seedlings, 

age of transplantation of 

seedlings, optimizing the 

amount of organic fertilizers, 

watering regimes, and many 

other intercultural operations, 

etc) will be performed as 

and when necessary before 

implementation of the 

technologies.  In all cases, 

seeds must be collected 

from genetically improved 

healthy mother plants 

(good seed sources) and 

they must be treated with 

chemical pesticides and/ or 

nonapeptides developed in 

the author’s laboratory before 

planting in the growing media 

in the pots/ tray to save from 

the harmful pests (insects 

and organisms) and have a 

vigorously growing seedling 

for plantation in the field 

conditions. The activities of 

the proposed innovation may 

be performed in the King Saud 

University and Northern Border 

University (NBU) of KSA and 

other research and educational 

institutes in the regions in 

collaboration with Prof. Dr. M. 

A. U. from Bangladesh (author 

of the present article).
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Innovation - 1 

Use of Mycorrhizal Fungi 

Using Arbuscular Mycorrhizal 

Fungi and Ectomycorrhizal to 

grow seedlings in the nursery 

and in the plantation is a very 

useful and unique technology. 

Mycorrhizae are highly evolved 

non-pathogenic symbiotic 

associations between roots 

of most vascular plants 

and certain specialized 

soil fungi (Basidiomycetes, 

Ascomycetes, and 

Zygomycetes) that colonize 

the cortical tissues of roots 

during periods of active 

plant growth both in the 

natural environment and 

in cultivation. Mycorrhizae 

promote the growth of 

host plants and increases 

productivity; improves water 

relations; protects roots from 

pathogenic fungi; saves from 

heavy metal toxicity; protects 

from adverse temperatures, 

PH, high salinity, toxic 

stress; reduces soil erosion; 

increases soil biological 

activities; influences the 

development of plant 

community; increase root 

development, root volume, 

and rooting percentage of 

plants propagated by cuttings 

and micropropagation in 

the nursery;  enhance the 

survival rate of transplanted 

seedlings by reducing water 

stress. Extrametrical mycelia 

of AM fungi bind together 

sand grains (with Glomalin) 

in sandy soils and dunes for a 

successful plantation. 

Under the first innovative 

approach, Mycorrhizal Fungi 

will be used for raising 

mycotrophic seedlings of 

the selected plant species in 

the nursery in earthen pots 

/ plastic pots/gunny bags, 

etc. The inoculums may be 

developed by following the 

methodologies developed 

in King Saud University and 

Northern Border University, 

KSA (by the author), and 

mycorrhizal inoculums may also 

be purchased or collected from 

reputed inoculums production 

companies throughout the 

world. The experiments may 

also be designed to standardize 

the doses of inoculum and 

methods of application and 

also evaluate the efficacy of 

the inoculum in the mentioned 

laboratories. 

Innovation - 2

a) Use of Bio-organic 

fertilizers

Under the second innovation, 

we will use the microbial 

compost fertilizer (along 

with AMF inoculum) which is 

composed of organic manure 

in the nursery and in the 

field conditions. Bio-organic 

fertilizers have (besides 

AMF) Trichoderma, as 

antagonistic microorganisms 

that reduces the growth, 

survival, or infections 

caused by pathogens and 

help in rapid decomposition 

of organic matter; micro-

organism viz. Trichoderma 

sp., Aspergillus and 

Penicillium, can also cause in 

situ recycled for good quality 

compost; green manure 

crops, natural fertilizers and 

essential micronutrients, and 

antimicrobial plants like Neem 

powder will help in the better 

growth of the plants. 

The application of organic 

fertilizers improved structural 

stability and lower bulk density 

of the soil, improved moisture 

retention capacity, water 

infiltration rate, and hydraulic 

conductivity of the soil etc. 

All these positive activities of 

mycorrhizal fungi and microbial 

fertilizers will help in the 

production of healthy seedlings 

for better performance in field 

conditions.

Organic manure for the bio-

organic fertilizers may be 

prepared from a huge amount 

of cow dung and poultry 

manure available in the farms 

of the regions not utilizing 

properly which will also solve a 

big problem of environmental 

pollution from the huge pile of 

cow dung and poultry manure. 

Date palm kernel, waste from 

the Date palm industries and 

Date palm farms may also 

be used as raw material for 

the production of organic 

manure. The organic manure 

may also be purchased from 

other countries where it will be 

available at a cheap rate.

The seedlings will be developed 

under nursery conditions using 

both the innovations mentioned 

above to have a mycotrophic 
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seedling which will have 

beneficial soils microorganisms 

associated that will overcome 

the transplantation shock 

of water shortage and also 

ensure nutrient availability. 

Under desert field conditions 

the transplanted seedlings 

will be in a better condition to 

grow and survive to overcome 

the desertification condition 

in Saudi soils following these 

technologies. 

 

b) Direct use of Bio-organic 

fertilizers (in gunny bags) and 

Solid Organic Waste in the 

fields

The objective of this innovation 

will be to transplant seedlings 

in the plantation sites where 

the organic fertilizers may 

be kept in the gunny bags 

(environment friendly) earlier 

placed in the plantation sites 

(hole). The objective of using 

gunny bags is to keep organic 

matter in a right place. The 

mycotrophic seedlings raised 

in the nursery which has 

also beneficial soil microbial 

association with root systems 

will be kept in gunny bags 

(which contain Bio-organic 

fertilizers developed in the 

laboratory of the author) 

placed in the hole of plantation 

sites under field conditions. 

The microbial inoculated 

seedlings planted in the 

gunny bags (with organic 

matter) will be benefitted 

from the moisture content of 

the organic manures for long 

period and also will provide 

a congenial atmosphere for 

the beneficial microorganisms 

in assimilating the nutrients 

in the organic matter.  In the 

desert conditions, moisture 

availability is a major 

constrain to raise plantations 

in the desert conditions in 

Saudi Arabia.  That may be 

overcome by using organic 

fertilizers (Bio-organic) kept 

in the bags. The gunny bags 

with Bio-organic fertilizers 

may be covered with a layer 

of topsoil over the bags during 

placing the bags on the hole. 

The seedlings may be planted 

after 7-10 days of placing 

the gunny bags in the hole, 

plantation sites. As the organic 

matter usually retain moisture 

content for a long time in 

the soil so using bio-organic 

fertilizers in gunny bags will 

be an innovative technology 

for establishing plantations 

in the desert soil. Because of 

this technology, we will have a 

smaller number of irrigations 

under field conditions than 

the plantation raised without 

organic fertilizers.  

One of our earlier researches 

indicated that Solid Organic 

Waste (SOW) from the 

municipally may also directly 

be utilized by placing them 

in the plantation hole and 

covered them with a layer 

of soil for 2 weeks before 

planting the seedlings. In this 

technology, in one way we may 

utilize a large amount of SOW 

to mitigate the environmental 

pollution from the SOW that 

means it will be a technology 

of Waste to energy.  

Innovation - 3

Introduction of mycotrophic 

green manure weeds

Another innovation very 

interesting and important 

technology on the 

introduction of mycotrophic 

green manure producing 

weeds ( already identified 

by the author in Saudi Arabia 

and in Bangladesh ), both 

legumes and nonlegumes 

plants,  that will be raised 

around the planted seedlings 

to facilitate nutrient cycling 

and water availability 

throughout the year after 

years for survival and better 

growth of planted seedlings 

in the sites for successful 

plantation under harsh 

environmental and soil 

conditions in  the Kingdom 

of Saudi Arabia. The green 

manure-producing plants 

will be planted around 

the planted seedlings and 

when they will be in the 

green condition then they 

will be pulverizing in the 

soils for the reintroduction 

of nutrients and providing 

living inoculums for 

nutrient recycling of the 

seedlings. The processes 

may be repeated at and 

when necessary. This 

technology will reintroduce 

the nutrients and maintain 

the water relation between 

plants and soils throughout 

the year. The proper 

experiments may be 

performed to standardize 

the hole system. 
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Possible site of plantation

The seedlings raised following 

the above-mentioned 

innovative technologies will 

be planted in the household 

of Urban areas, Roadsides, all 

types of Educational Institutes, 

Mosque premises, Public Parks, 

Railway roads, and any other 

suitable sites or places to 

facilitate watering and easy 

aftercare of the plants. A large-

scale plantation may also be 

developed in desert areas to 

make the regions a green zone. 

The aftercare of the planted 

seedlings may be performed 

by the owner of the house, 

students in the educational 

institutes, community people, 

NGO’s and finally by the 

project personnel. Several 

well-equipped greenhouses 

may be needed to raise 

hundreds and thousands of 

seedlings of different types of 

plants species available in the 

regions. Necessary equipment, 

materials, manpower will 

be needed for a successful 

plantation program.

 The outcome of the 
Innovative Technologies 

The introduction of the 

mentioned innovative 

technologies will bring a 

positive impact to make the 

regions a Greener Zone by 

following the technologies 

for plantation forestry. The 

proposed program will be 

providing social, communal, 

environmental, and economic 

benefits in the regions. It will 

also have a positive impact to 

mitigate the adverse effect 

of climate change, reduce 

desertification, improving soil 

conditions and the overall 

economy of the regions.

Conclusion

The mycorrhizal 

fungi and beneficial 

soil microorganisms 

incorporated in the 

Bioorganic fertilizers in our 

innovative approaches will 

be playing a significant role 

in seedlings grown in the 

nursery and also help in 

increased survival rate and 

better growth under field 

conditions to overcome the 

transplantation shocks in the 

transplanted seedlings in the 

field condition by providing a 

supply of sufficient nutrients 

and increase the water 

availability for better growth 

of the plants under harsh 

conditions in the regions.

The King Saud University and 

Northern Border University 

in KSA and other laborites 

in the regions have the well-

equipped laboratory that 

may be used for developing 

microbial inoculums for 

a successful inoculation 

program by following the 

technologies developed 

by the author of the 

article. The morphological, 

physiological, biochemical, 

and microbiological studies 

will be performed in these 

laboratories for healthy, 

diseases free and vigorously 

growing seedlings for 

transplantation in the field.
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The arbuscular mycorrhizal 
symbiosis and its role in 
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sustainability
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Abstract

The arbuscular mycorrhizal 

association is an essential 

symbiosis between a unique 

group of soil fungi and a majority 

of plant species worldwide. The 

fungi produce an extensive 

hyphal network that mines soil 

for unavailable phosphorus 

and the plants benefit through 

improved nutrition. Date palms 

are shown experimentally to 

be highly dependent on this 

association, showing increased 

trunk and leaf biomass even with 

applied fertilizers and greater 

tolerance to saline conditions. 

This dependency is attributed 

to a coarse root system with a 

paucity of root hairs, a high P 

requirement to support growth 

of a large plant biomass, and a 

field environment that further 
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limits P mobility in soil. The fungi 

require plants to grow yet they 

have a wide host range, so diverse 

species can associate with date 

palms.  Many fungal species have 

considerable genetic plasticity 

and they are pandemic because 

of ancient origin and coevolution 

with their hosts. Experiments 

show that some nonnative 

fungal strains can benefit plants 

as well or better than native 

strains. Therefore, ecological 

tolerance permits selection of 

inoculants that benefit palms in 

a wide range of environments 

including those with high salinity. 

Transport of plants between 

countries necessitates palm 

production in soilless media, and 

use of a light weight mineral-

based material supplemented 

with peat for water-holding 

capacity will provide an optimum 

compatibility for the mycorrhizal 

symbiosis.  Many questions 

remain to be answered, but 

symbiotic interactions clearly are 

important in both the production 

phase and for sustainability after 

outplanting of date palms to the 

field.

Key Words: fungi, mycorrhizae, 

Glomeromycota, mycorrhizal 

dependency, INVAM

INTRODUCTION

The arbuscular mycorrhizal 

symbiosis is a critical component 

to the survival and longevity of 

a vast number of plant species, 

including all crop plants (Smith 

and Read, 1997). A survey of 

the plant kingdom within the 

framework of their evolution 

suggests that all of the earliest 

land plants formed an arbuscular 

mycorrhizal association (Trappe, 

1987) and that over the 

intervening eons some plants 

either evolved different kinds 

of mycorrhizal associations (of 

which there are six other types 

– Smith and Read, 1997) or they 

lost the symbiosis completely. 

The latter groups of plants 

(e.g., Brassiceae, Cruciferae, 

Chenopodiaceae) tend to be 

fast growing pioneer species in 

arid and semi-arid environments 

that contain few native AMF 

(Brundrett, 2009). Some of the 

plant species selected for plant 

revegetation in desert regions 

belong to these families and 

are able to grow in soils lacking 

these fungi. Other plant species 

are completely dependent on 

the mycorrhizal association. 

In discussing the arbuscular 

mycorrhizal symbiosis and its 

potential benefit to date palm 

production, consideration must 

be given to the biological and 

ecological properties of the fungi, 

the phenology and dependency 

of plant species serving as 

host for those fungi, and the 

environment surrounding both 

partners. Each of these variables 

will be considered separately 

and then applied to date palms.

The fungi

Arbuscular mycorrhizal fungi 

(AMF) evolved four hundred 

million years ago at about the 

same time plants appeared on 

land. Since those early land plants 

did not have a true root system 

for absorption of nutrients, the 

presence of AMF is hypothesized 

to have been crucial to evolution 

of plants on land (Morton, 1990; 

Pirozynski and Malloch, 1975). 

AMF can obtain carbon for 

growth and reproduction only 

through specialized structures 

called “arbuscules” that form at 

a close interface between plant 

and fungus in root cortical cells 

(Fig. 1A). As a result, these fungi 

cannot grow apart from a host 

plant. Each arbuscule appears to 

fill a cell, but it resides between 

the wall and membrane to 

functionally exchange nutrients 

between host and fungus. 

Phosphorus tightly bound to 

soil particles is absorbed by 

an extensive network of finely 

branched hyphae that fills the 

rhizosphere and it is from these 

hyphae that asexual spores are 

formed for widespread dispersal 

(Fig 1B). 

Because this association is an 

obligate one, the fungi have 

evolved only with their plant 

hosts since they appeared on 

land. For that reason, AMF 

are unique amongst all fungal 

groups and this is reflected in 

their classification as a separate 

phylum (Schüßler et al., 2001). 

Co-evolution of AMF with their 

plant hosts has resulted in 

some important biological and 

ecological properties. 

Evidence indicates AMF are 

strictly asexual (Pawlowska, 

2005). Spores are produced in 

soil and roots for dispersal, they 

germinate, infect the host, grow, 
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and produce more spores. They 

also are isolated from each other, 

so that hyphae rarely are able to 

fuse and exchange cytoplasm 

and nuclei. Total reliance on 

asexual reproduction generally is 

a negative trait because harmful 

mutations can accumulate, but 

AMF compensate by possessing 

many nuclei (Fig. 1C) that 

move and sort independently 

throughout the hyphae and into 

spores (VanKuren et al., 2013). 

This genetic heterogeneity gives 

the fungi considerable flexibility 

and longevity. 

AMF species show little 

evidence of host specificity. This 

means that any fungal strain 

can colonize the roots any host 

plant that is able to form an 

AM association. Because of this 

property, a large and diverse 

international culture collection 

such as INVAM (Morton et al., 

1993; http://invam.wvu.edu) can 

grow more than 1100 strains of 

103 species (44% of total known 

diversity on one plant host: the 

highly dependent small grain 

species, Sorghum sudanense 

(sorghum). 

Host specificity and host 

compatibility must be carefully 

differentiated, because 

these terms have been used 

interchangeably. The former 

relates to the ability of any 

fungus to colonize roots and 

establish a symbiosis. The 

latter reflects the quality of the 

symbiosis and plant responses 

after the association has been 

established. An unpublished 

study in INVAM designed to 

identify the ideal host plants 

for culturing AMF will serve as 

an example. Two AMF species 

with broad ecological tolerance, 

Claroideoglomus etunicatum 

and Rhizophagus intraradices, 

both were able to colonize 

apple seedling roots, but only 

the latter species produced 

extensive root colonization, 

sporulated, and caused a strong 

growth response. When present 

together, only R. intraradices 

was detected in tree roots after 

three months of growth. This 

species was compatible with any 

plant tested, but C. etunicatum 

was most compatible only with 

herbaceous plants. 

AMF species representing all of 

the major clades in the phylum 

Glomeromycota are globally 

distributed, suggesting that a 

majority of species are pandemic. 

This conclusion can be inferred 

only from phylogenetic patterns, 

because vast regions of the 

globe have not been sampled 

enough. The explanation for 

such remarkable widespread 

distribution rests with a 

combination of evolutionary 

timing and inherent properties. 

The fungi are hypothesized to 

have speciated at a time with 

the earth’s land masses were 

joined into the supercontinent, 

Pangea (Morton, 1990). During 

the next 100 million years, as the 

continents began to separate, 

there was ample time and 

opportunity for asexual fungal 

spores to disperse and colonize 

almost any plant growing at 

the time because of a broad 

host range. The likelihood of 

pandemism is important to 

humans because it means that 

movement of fungal strains 

across countries or continents 

for academic or commercial 

purposes is safe and not likely to 

impact on most anthropogenic 

activities. 

Widespread dispersal of species 

coupled with broad host range 

results in a high level of species 

diversity within the root system 

of even a single plant. From 

more than 3000 cultures grown 

at INVAM to trap native AMF 

species, none consisted of only 

one species. From more than 

3000 cultures grown at INVAM 

to trap native AMF species, 

none consisted of only one 

species. The median number of 

species was three, 82% were in 

the range of 2-6 species, and 

18% were between 7-12 species. 

Also, species occupying a root 

system can represent a broad 

range of evolutionary clades in 

Glomeromycota. This range of 

diversity suggests some AMF 

fungi have broad ecological 

compatibility and can occupy 

many niches comfortably.

Ample evidence exists that AMF 

species differ in how they benefit 

plants and the magnitude of 

that benefit (Brundrett, 1991; 

Smith and Read, 1997). In some 

cases, particular matches of 

AMF and plant species may 

be needed (Streitwolf-Engel 

et al., 1997; van der Heijden 

et al., 1998). A study by Kelly 

et al. (2005) exemplifies the 

extent of differential responses 

among strains of a species 
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as well as between species. 

Different strains of several AMF 

species sampled from a range 

of habitats were compared on a 

highly dependent warm season 

grass (broomsedge) in soils 

containing low to toxic levels 

of aluminum. All five strains 

of one species (Rhizophagus 

clarus) grew well and conferred 

aluminum tolerance at all Al 

levels, regardless of the habitat 

from which they were collected. 

All five strains of another species 

(Acaulospora morrowiae) failed 

to grow well, regardless of 

origin. In contrast, compatibility 

of Scutellospora heterogama 

varied greatly between strains 

but those differences didn’t 

correlated with habitat of 

origin. The broad environmental 

tolerance of R. clarus was 

revealed as well in the ability of 

a strain from the Senoran desert 

in Arizona to grow as well or 

better in a wetland environment 

(Fig. 2).  Anecdotal data from 

culturing AMF at different soil 

P levels in INVAM indicate that 

R. clarus and two other species 

in Rhizophagus (R. intraradices 

and R. diaphanus) are able to 

grow well in plant roots when 

most other AMF are inhibited 

completely. It is no surprise, then 

that R. intraradices is one of 

the most widely and effectively 

used AMF species in commercial 

inoculants. Rhizophagus species 

all sporulate prolifically inside 

plant roots and may be unique 

in being able to undergo 

anastomosis, which is the fusion 

of hyphae to allow exchange of 

nuclei and cytoplasm (Croll et al., 

2009; Purin and Morton, 2013). 

These properties collectively 

favor dispersal, longevity, and 

genetic heterogeneity, making 

them preferred candidates for 

broad application as inocula.

The Plant Host

The benefits conferred by AMF to 

their plant hosts are diverse and 

governed largely by interactions 

that optimize mineral nutrition 

for growth and reproductive 

potential (or yield in agronomic 

terms) of the plant host species 

under consideration.  In general, 

the magnitude of the plant 

response to the symbiosis is 

a measure of “mycorrhizal 

dependency” (Tawaraya, 2011). 

Fig. 3 illustrates a phosphorus 

response curve of a perennial 

cool-season grass that has low 

dependency and a fruit tree that 

exhibits complete dependency. 

The meadow fescue (Festuca 

arundinacea) forms a large 

biomass of finely branched roots 

that can exploit immobile P in 

soil and it does not have a high P 

requirement for photosynthesis. 

Fescue is highly dependent on 

the mycorrhizal symbiosis only 

when soil P level is extremely 

low. In contrast, apple (Malus 

domestica) has a very coarse 

root system and never exploits P 

availability no matter how high it 

becomes. Apple fails to respond 

to any fertility level except when 

AMF are present. Some plant 

species with root biomass and 

architecture similar to that of 

fescue still are highly dependent 

on the mycorrhizal association. 

Warm season grasses have a very 

high requirement for P because 

of C4 photosynthesis (Brejda et 

al., 1993), and a large root system 

alone cannot compensate. 

A typical plant response is 

an increase in shoot and root 

biomass, and it is expressed 

mostly by perennial plant species 

with strong apical dominance in 

shoot growth (Brundrett, 1991). 

However, phenology of the plant 

also is a major determining 

factor in the type of response 

expressed. For example, bulbed 

plants like bluebells show no 

top growth response when 

mycorrhizal, yet they cannot 

survive in nature without the 

symbiosis. AMF promote P 

uptake as expected, but the P is 

sequestered in the bulbs so that 

shoot emergence from deep 

within the soil profile is vigorous 

(Merryweather and Fitter, 1995). 

The Growth Medium

The medium in which any plant 

is grown determines its nutrition 

status and its growth potential. 

When AMF are present, 

properties and environment 

of that growth medium can 

greatly impact on mycorrhizal 

interactions and the magnitude 

of any benefit. Many types of 

media are in use. At INVAM, the 

standard culture medium for 

culturing all AMF is a coarse sand 

and loamy soil mix (3:1 v/v) that is 

steamed twice to remove native 

microbes. Sand is used because it 

is completely inert and increases 

air spaces for root infiltration. 

This medium has been used by 

INVAM for 26 years to culture 
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AMF from all continents and a 

wide range of habitats, so there 

is strong evidence for broad 

compatibility. This mixture is well 

suited to AMF cultures, but it is 

not the best option for growing 

plants commercially that must 

cross borders between states, 

countries, or continents. 

With the increased emphasis 

on minimizing movement of 

pathogens or exotic microbes 

associated with transport of 

plant material, soilless media is 

the only option. Sphagnum peat 

moss is widely used because of 

its availability, reasonable cost, 

light weight, and high water-

holding capacity. AMF generally 

are compatible in peat and peat 

mixes, despite acidity of the 

medium. 

Expanded volcanic rock 

material, such as perlite or 

pumice, are light weight and 

promote aeration and water 

retention. Vermiculite has similar 

properties, but it tends to 

compress over time and reduce 

aeration. Expanded calcine 

clays have gained acceptance 

in recent years, but pH and 

nutrient content (especially 

calcium) varies greatly with 

where the material was mined 

and with fertilization regimes. 

All of these materials provide 

environments within which AMF 

are compatible as long as pH 

stays below 6.2-6.4. One of the 

key variables, other than pH, is 

particle size. Ridgeway et al. 

(2006) show that larger particles 

promote both root infiltration 

and mycorrhizal colonization. 

Results are most inconsistent 

with the inclusion of composted 

pine or hardwood barks. Some 

studies indicate that AMF 

tolerate bark media, but tests 

in INVAM show varying levels 

of inhibition. For example, two 

mixes with similar proportions 

of bark (45%), and peat (55%) 

produced opposite results. 

One mix completely inhibited 

AMF colonization whereas 

mycorrhizae achieved 46-57% in 

the other mix. In another test (Fig. 

4), two different peat-hardwood 

bark formulations were equally 

inhibitory to mycorrhization, 

especially in relation to a sand-

soil mix. Of the three AMF species 

examined, one never colonized 

the corn assay host more than 

6% and two other species 

slowly adapted and colonized 

at levels as high as 40%. The 

adaptability and tolerance of 

the two Rhizophagus species 

corroborate the conclusion 

reached above that strains of 

species in this genus have wide 

ecological tolerance. 

Application of AMF to 
Date Palm Production

Date palm (Phoenix dactylifera 

L.) is naturally colonized by 

mycorrhizal fungi, based on 

studies from Iraq (Khudairi, 

1969), Saudi Arabia (Khaliel 

and Abou-Hailah, 1985) and 

Morocco (Bouamri et al., 

2006). The native AMF species 

present in the rhizosphere can 

be diverse (Al-Yahya 2008), 

but at levels similar those in a 

range of other habitats (Morton 

et al., 2004).

 The dependency of date palm 

on the mycorrhizal symbiosis is 

expected to be similar to that 

of apple (Fig. 3) and other fruit 

tree species. All are long-lived 

perennial species with a high 

demand for nutrients to sustain 

a large above-ground biomass 

and fruit production. Moreover, 

the root systems are coarse with 

a low degree of branching and 

root hair formation (Fig. 5). The 

arid habitat in which date palms 

are grown contributes even more 

to mycorrhizal dependency. 

Phosphorus is mostly immobile 

and relies on diffusion through 

a water film from soil particles 

to root surfaces. In an arid 

climate, this condition occurs 

infrequently without human 

intervention (irrigation). 

Few studies have been 

conducted with the intent 

of evaluating mycorrhizal 

dependency of date palm to the 

mycorrhizal symbiosis. Ghulam 

Shabbi, Ewald Sieverding and 

coworkers conducted a year-

long experiment to measure 

mycorrhizal responses in pots 

of the variety Khaneizi watered 

with a standard and one-third 

strength fertilizer and at three 

salinity levels. While this study did 

not measure a P response curve 

for date palm to provide a direct 

measurement of mycorrhizal 

dependency, results were 

dramatic and clearly verified a 

strong reliance of the mycorrhizal 

symbiosis (Fig. 6). Predictably, 

the greatest growth benefit 

occurred with lower fertility and 

application of fresh water (Fig. 

6A). Most notable, however, 
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was that this benefit occurred 

even with the standard fertilizer 

regimen and at increasing salt 

levels. Amelioration of salt 

stress by AMF may not be 

that uncommon, as it has been 

measured in other plants as well 

(Al-Karaki, 2000). Fig. 6B shows 

plant phenotypes of mycorrhizal 

plants with increasing salinity, 

and reductions in plant growth 

are not dramatic. 

There are several caveats to 

this study that accentuate 

the benefit attributable to the 

mycorrhizal symbiosis. First, the 

nonmycorrhizal treatment must 

have contained a low density 

of native AMF, as evidenced 

by fairly extensive colonization 

after a year’s growth in pots. 

The marked growth benefit 

that occurred with a symbiosis 

in all pots indicates that rate of 

colonization is crucial to the final 

growth response. Inoculation 

with R. intraradices likely led 

to rapid mycorrhization and an 

early growth spurt that became 

magnified over time, whereas 

slow AMF colonization in 

nonmycorrhizal pots took much 

longer to express a growth 

benefit. If the nonmycorrhizal 

treatment lacked any AMF 

colonization, the differences 

likely would have been much 

greater. This result dramatically 

shows the benefit of inoculation 

in native environments where 

AMF may be present but in low 

density. Second, this experiment 

was conducted in pots. Roots 

were constrained over time, thus 

slowing above-ground biomass 

in the fastest growing plants. 

Nutrient levels were more 

homogeneous and more plant-

available (no matter how much 

was added), so that diffusion 

of P in the fertilizer would be 

enhanced by sustained moisture 

in the pot contents. There was 

no growth depression (as seen 

with fescue in Fig. 3) under 

higher fertility and mycorrhizal 

colonization in the inoculated 

pots was reduced, but not 

appreciably. In nature, none 

of these conditions would 

be met, so that P availability 

would be low no matter how 

much fertilizer was applied and 

so mycorrhizal colonization 

likely would not be inhibited. 

Collectively, these results 

suggest that inocula of AMF 

can improve the production 

of date palms throughout the 

Middle East and North Africa 

and improve crop sustainability 

after outplanting to the field. 

With increased demand and the 

need for movement of plants 

across national borders, date 

palms are increasingly being 

started from tissue culture and 

then transplanted into soilless 

media (Awad 2008). The 

type of medium used in date 

palm production, therefore, is 

of major importance. Based 

on the discussion above, a 

recommended medium would 

consist of mineral component 

such as expanded rock other 

than calcined clay (such as a 

pumice-like material) to keep pH 

below 7.0 amended with a small 

amount of peat to optimize 

water-holding capacity. Barks 

should be avoided because 

organic components have a 

high probability of inhibiting 

mycorrhization. Other organic 

material such as compost 

may be less toxic, but results 

are likely to be unpredictable. 

Keep in mind that these fungi 

evolved in high mineral soils 

and therefore will be most 

compatible with their plant host 

in this environment.

Of the more than 230 AMF 

species currently known (http://

invam.wvu.edu), choice of 

species and strains of AMF 

that can serve as the “best” 

inoculant is dictated primarily by 

breadth of tolerance to a range 

of environmental variables. As 

discussed above, the most likely 

AMF candidates are in the genus 

Rhizophagus. Because of the 

pandemic distribution of this 

and other Rhizophagus species 

(in particular R. clarus), their 

introduction into any field or 

nursery setting is not likely to be 

harmful. Assumptions that native 

species are the best adapted 

are not always true. Certain 

AMF species, such as those in 

Rhizophagus, behave similarly 

in very divergent environments 

(e.g. desert, wetland, high P soil, 

high organic matter, root organ 

culture, high heavy metals, etc.) 

and could outperform native 

strains (see Fig. 2).

The central issue in date 

palm production is whether 

inoculation is necessary or 

not. Results chronicled above 

provide a strong indication that 

introducing a quality inoculum 

into a soilless medium for 
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nursery stock is a necessity for 

vigorous and sustainable plant 

growth. This benefit is likely to 

continue in the field setting. 

While evidence indicates date 

palms in the field are mycorrhizal 

and the fungi are taxonomically 

diverse, little is known about 

the density and infectivity of 

these native AMF communities. 

Important questions that 

have yet to answered include 

the following: What is the 

inoculum potential of native 

fungi in the field at the time of 

date palm outplanting? How 

much does inoculum potential 

differ with variation in edaphic 

conditions (temperature, pH, 

frequency of rainfall, duration 

of solarization, etc.), the 

composition and density of 

pre-existing plant communities, 

geographic location, and 

previous anthropogenic 

practices or disturbances? 

How does inoculum potential 

change with age of date palm 

groves, especially after onset 

of fruit production? What is the 

sustainability of an introduced 

AMF species (the inoculant) 

over time as it competes with 

native AMF? These questions 

indicate that much has yet to be 

learned to fully understand and 

predict the relationship between 

AMF and date palm, especially 

after transplanting to the field.
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Fig.1. Basic features of arbuscular mycorrhizal fungi. A. Arbuscules present within the cortical cells of a corn root. B. Mycorrhizal 

colonization of roots, with external hyphae and asexual spores. C. Multinucleate contents of developing spore and attached hypha.

Fig. 2. Mycorrhizal colonization of Spartina patens in an 

artificial wetland by native (black) and non-native strain 

(hatched) of Rhizophagus clarus from the Senoran Desert. 

Wet = flooded always, dry-wet = mostly dry with short flooded 

periods, wet-dry = mostly flooded with short dry periods

Fig. 3. Mycorrhizal dependency of fescue (Festuca 

arundinacea) and apple (Malus domestica) based on 

phosphorus response curves after 72 days of growth 

in soil with added P. Solution P was determined by 

carbon tetrachloride displacement. Dotted line = 

nonmycorrhizal, solid line = mycorrhizal plants.

Fig. 5. Root mass and architecture of mycorrhizal and 

nonmycorrhizal date palm, variety Khaneizi. 
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Fig. 4. Variation in amount of 

mycorrhizal colonization by 

strains of three AMF species 

grown on sorghum for 25, 35 

and 45 days after emergence. 

Soil-sand = 1:3 v/v), both peat-

barks contained a mix of 40% 

peat, 45% bark, 15% perlite. CE 

= Claroideoglomus etunicatum, 

RI = Rhizophagus intraradices, 

RC = Rhizophagus clarus, 

Fig. 6. Reponses by one-year-old date palms, cultivar Khaneizi, to inoculation with Rhizophagus intraradices and watered at 

varying levels of salinity (0-15 dS/m). Plants were grown in a medium consisting of native soil  1.5 m below root zones and a mix 

of peat and perlite (2:1 v/v). In the chart, blue bars represent mycorrhizal plants and the red bar indicates nonmycorrhizal plants. 

MR = mycorrhiza. A = paired plants at one-third strength fertility with or without AMF added. B = Plants at standard strength 

fertility inoculated with AMF and watered at three salt concentrations.
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Abstract

Dates are considered among 

Algeria’s main exports crop 

as the average value of 

dates exports has totalled 

approximately  45 million dollar 

annually and represents 75% 

of the average total value of 

agricultural and food exports 

during the period 2002-2010.

Algeria is also one of the main 

dates-producing countries in the 

world, with average production 

of dates 7% of the average total 

world production during the 

same period.

Actually, it has been found that 

Algeria is ranked seventh in terms 

of quantity among the dates 

exporting countries in the world; 

its exports represent 3.5% of the 

international export capacity of 
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dates. The contribution of the 

Algerian dates exports in world 

trade is considered limited 

when compared to the most 

important exporting countries 

of dates.

This research aims to analyze 

the competitive situation 

of the Algerian dates in the 

most important international 

markets. This required studying 

the evolution of the relative 

importance of exports of dates 

in Algeria to local production, 

the total value of exports of food 

and fruits , the geographical 

distribution of exports of dates 

according to the groups of 

the states, the evolution of the 

quantity , prices and value of 

dates exports, the market share 

for Algerian dates exports in the 

most important international 

markets in 2006 , the rates of 

markets penetration of the 

main importing countries , the 

important competitor countries 

, the competitive position of the 

Algerian dates in those markets 

,and proposing ways which can 

be followed for improving the 

competitiveness of Algerian 

dates in world markets.

Key words: competitiveness, 

markets, production capacity, 

export

INTRODUCTION

The dates are considered 

among the export crops 

in Algeria, where exports 

amounted about 13000 

tons, representing 3% of the 

world export capacity for 

dates and estimated its value 

about $ 45.8 million dollars 

annually, representing 71.85% 

of the average total value of 

agricultural and food exports 

during the period 2002 - 2007.

The research problem is in the 

competitive weakness of the 

Algerian dates in the important 

world markets where the exports 

of dates do not contribute 

only 2.26% of the average total 

amount of world exports of dates 

and about 4.7% of the average 

total value of world exports of 

dates during the period 2002-

2007.

This study aims to analyze the 

competitive situation of the 

algerian dates compared with 

the most important competitor 

countries in the international 

market , in addition to that, it has 

been identifying the strengths 

and weakness of Algeria in the 

dates international markets. In 

addition to identify the promising 

markets for algerian dates in the 

future and the possibility of its 

efficiency.

METHODOLOGY

The study is based on the 

descriptive and statistical analysis 

such as trends, and regression, 

as well as some important 

economic indicators such as the 

comparative advantage , market 

share, prices competitivity, 

markets penetration, it has also 

been analyzing the competitivity 

of Algerian dates exports in 

the most important external 

markets.

The study basec on the 

secondary data from the local 

level, such as the agriculture 

ministry and the international 

level, such as www.faostat.org 

and www.comtrade.un.org.in

RESULTS

The most important found 

results of the study:

 1 - Production capacity: 

The dates are considered among 

the important agricultural crops 

in Algeria and the date production 

of Algeria attain about 644 740 

tons in 2010 and mentioning that 

the production capacity of dates 

primarily depend on all of the 

area planted with palm trees and 

the total production and average 

productivity of this crop.

1-1  The area planted with 

palm trees:

The cultivated area by palm 

is took general trend upward 

during the period 2000-2010 

Table (01) in Annex, where the 

total planted area with palm 

trees in the year 2010 about 161 

090 hectares, an increase of 

58.21% from the base year 2000. 

The reasons of this increase 

to the reforms defined in the 

agricultural sector in that period, 

especially the application of the 

law 83/18 of 13.08.1983 relating to 

the acquisition of agricultural real 

property (APFA), In this process 

important agricultural areas are 

distributed to beneficiaries for 

reclamation process, in addition 

to the refurbishment of palm 

trees.
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1-2  The evolution of dates 

productivity:

Table number (01) in Annex 

shows evolution of productivity 

dates during the period from 

2000 to 2010, where it was 

known by general trend upward 

during the study period and 

reached a maximum of 50.5 kg 

in 2010, an increase of 23% from 

the base year. Spite of  average 

productivity of Palm 46.82 kg / 

Palm during the period 2000-

2010 AD, however, this average is 

still far from the world average. 

And the average production 

arrive to 100 kg / palm in 

(Phoenix and Alerazona) oasis in 

United States of America, and 98 

kg / Palm in Egypt and 80 kg / 

Palm in Palestine.

1-3  the evolution of the dates 

production:

In examining the evolution of 

the dates production during 

the period from 2000 to 2010 

noting that this development 

in the production knews a 

general trend upward , the 

dates production has reached 

in the year 2010 about 644 740 

tons , an increase of 76.34 % 

from the base year 2000. This 

increase is due to a number of 

factors, the most important, 

stopping of economic 

development and service since 

1986 and the growing numbers 

of unemployed engendered 

opposite emigration and the 

return of large numbers of labor 

to work in the oasis and the 

caring again the sector of palms 

[4] and it has been estimating 

general time trend equation of 

productivity during the period 

under study ( equation No. 02 

, table 02 ) . And can be seen 

from the equation that the 

dates productivity has taken 

an upward trend rate of annual 

increase but not significant 

statistically amounted to 0.37 

kg / Palm represents about 0.6 

% of the average productivity 

during the same period, which 

amounted to 46.82 kg / Palm

The total production of dates:

The total dates production 

determined by influencing 

factors on both the cultivated 

acreage and average total 

production. it has been estimated 

the relation between the total 

production of dates and the total 

cultivated area during the period 

2000-2010 , which took a form 

of the following function Yi = 

507+23297xi

Where : yi  = estimated 

value of the total production 

of dates in tons per year i 

xi= variable time i- where i = 

(1,2,3 ..... 11)

The equation indicates that the 

cultivated area explain about 

91 % of the changes in the 

total production and the rest 

is attributable to productivity 

and that did not demonstrate a 

significant increase.

It is clear also from Table( 1) in 

Annex that total production has 

escalated at a rate of annual 

increase statistically significant 

at 0.05, 0.01 ratio of 6.2% from 

the average for the period 2000-

2010 , which is about 499 652 

tons , and it has been estimated 

the general time trend equation 

for total production ( equation 3 

Table (02) in Annex).

2. Foreign trade:

This section examines the relative 

importance of dates exports 

within the agricultural exports, 

as well as the status of Algerian 

dates exports among the most 

important exporting dates 

countries in the world, it will also 

examine the most important 

world markets for Algerian dates 

in terms of quantity and prices, 

and the future of Algerian dates 

exports to those markets.

2-1  The evolution of the 

relative importance of 

Algeria’s dates exports from 

agricultural exports:

Actual data from the table (3) in 

Annex Figure 01: note

• Date exports have recorded 

the highest value in 2007 that 

exports increased more than 

56% amounting to 230.83 

million dollars due to the high 

quantity of exported dates, 

which amounted to 13 356 

tons, and then it declined 

gradually until it reached 

13.698 million dollars in 2009 

by evolution ration amounted 

92.88%.

• The proportion of the dates 

exports value to agricultural 

exports ranged between 

23.54% in 2008 and 5.02% 

in 2009 and the decrease 

is attributed to the high 

proportion of domestic 

consumption of dates 

(90%).
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2-2 The most important dates 

exporting countries:

It is expected to increase the 

demand on dates in the world 

in the future, in light of the 

efforts to publicize its food 

benefits and health, which led 

to the developed uses of dates 

in European countries and the 

global countries in the domain of 

food and medical industries. 

It is clear from Table ( 4) in the 

Annex that shows the order of 

Algeria among the world’s dates 

exporters , we find that the 

average Algeria’s dates exports 

amounted to 12931 tons, 2.26% 

of the average total international 

date exports, and thus it comes 

in sixth place after the United 

Arab Emirates , Iran , Pakistan 

, Tunisia , and Saudi Arabia. 

While the average value of its 

exports 18171 thousand dollars 

and form 4.7% of the average 

total value of world dates exports 

during the period 2002-2007.  

It is clear from this that the 

amount of Algeria’s dates exports 

for the value is considered as low 

than the dates exported from 

the other countries , where dates 

exports in Tunisia is 8.19 % of the 

total international dates exports, 

and 25.20 % of its value , followed 

in the importance Iran by 24.21 % 

from the total international date 

exports and 14.75 % of its value 

, then Israel 1.4% of the total 

international date exports and 

9.46 % of its value . Clear from 

these data that there is great 

variation in terms of revenue 

per ton of dates according to 

the source, the rate price of ton 

of Tunisian dates approximately 

2077 dollars , the rate per ton 

of Algerian dates amounted to 

$ 1405 .  For comparison the 

average price of exported dates 

from the United States is 2664 

dollars , and Israel 4570 dollars. 

Concludes from the foregoing 

that the Arab countries produce 

large quantities of dates, but 

that the rate of export is very 

weak , reaching 7.26 % Average  

years from 2002 to 2007 at the 

same time most of these dates 

are sold by low prices compared 

to production of other countries.

2-3 The evolution of Algeria’s 

dates exports during the 

period 2000-2010

From Table ( 5 ) in Annex Figure 

(2 ), which shows the evolution 

of the value of Algerian dates 

exports and its quantity during 

the period from 2000 to 2010 it 

is shown as following:

The value of Algerian dates 

exports get evolved by 114.8 % 

during the years 2000 to 2010 

where it was 14748 thousand 

dollars in 2000 increased 

continuously until it reached its 

maximum of 23 083 thousand 

dollars in 2007 , augmentation 

about 56.62 % from the base 

year 2000 , but decreased in the 

following year to 20013 thousand 

dollars because of the decrease 

of the quantity from about 13356 

tons in 2007 to about 10055 tons 

in 2008.

In terms of the total weight of 

the Algerian exports of dates 

and from the table ( 5 ) in Annex.

We note the fluctuation in the 

quantity of Algeria’s dates 

exports during the period (2000 

- 2010) , and it has reached its 

maximum in 2007, reaching 

13356 tons and reached a 

minimum in 2004, reaching 

2585 tons , The quantity dates 

exports have taken a general 

trend decreasing during the 

study period , due however, that 

the most of the dates production 

is consumed internally.

2-4.  Geographical distribution 

of Algeria ‘s total dates 

exports:

The data of tables (6 ) and ( 

7) in the Annex indicates that 

the European countries are 

the most important importing 

countries of Algerian dates, 

where the average quantity 

exported to them is about 9557 

tons , about (87%) of the total 

exported quantities of dates 

and at average price of 1627.9 

DA/ton

Also, it is noted that the imports 

of European countries of Algerian 

dates increased during the period 

2002-2007 from 9864 tons 

in 2002 to 11094 tons in 2007, 

meaning that the percentage of 

the exports quantity to these 

countries increased from 89.9 % 

to 101% during the same period 

and France imported during the 

same period  8280 tons means  

(86.91 %) of the total exports to 

European countries, and Belgium 

comes in second rank with 551 

tons (5.8%). 

And American States come in 

second rank, they import 5.4 % 
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of the total exported quantity 

and it constitutes 6.85 % of the 

total quantity of exported dates 

and at average price of $ 2092.9 

per ton.

• We conclude that Algeria’s 

exports to the U.S. markets 

have reached its minimum of 

about 114 tons in 2006 , about 

0.92% while it reached its 

maximum of about 1142 tons 

in 2007 , about 8.5 %, and the 

Canada’s imports represent 

during the period from 2002 

to 2007 an average of about 

470 tons , about 60.4% of 

total exports to the American 

States , as the United States 

imported the rest (34.3%) 

in that year  (Any 237 tons) 

and the both Canada and 

the United States of America 

considered as new markets 

for Algerian dates, were 

discovered newly after the 

year 1993 .

And the African countries 

occupied the third rank; they 

import 4.1 % of the exported 

quantity and constitute 5.2% of 

the total quantity of exported 

dates and at an average price of 

$ 213.8 per ton.

The date exports to African 

countries have reached its 

minimum of about 137 tons 

in 2004, while the maximum 

of about 706 tons in 2007 

and Guinea obtained (3.12%) 

of Algeria’s exports to these 

countries during the average 

period of 2002-2007 and 

(0.99%) to Mali and the majority 

of the exported qualities to 

these states are dry dates unfit 

for improved squeeze

• Exports to Asian countries 

are relatively weak, 

especially in recent years. 

Exported dates Prices vary 

greatly from a country to 

another, and this difference 

in price is due mainly to the 

difference in exchange rates 

and to the exported varieties. 

And It is observed that 

most of the exports of 

dates moving towards the 

European Community and 

in particular France due to 

the low transportation costs 

and to the attractiveness of 

these markets , and France 

trends to import the dates 

at the end of each calendar 

year , it imports 90% of its 

imports during the months 

of October and December, 

and it is observed that these 

periods coincides with the 

harvest periods in Algeria , 

while the rest of dates exports  

are distributed between 

the Asian countries and 

some European countries 

and African and American 

countries, and Arab countries 

in small and varying rates.

2-5 Sharing Market of the 

Algerian dates exports in the 

most important international 

markets: 

The data in table (08) in Annex 

indicates to the lack of market 

part of Algeria’s dates exports 

in some of the most important 

world markets (0.25% of the 

German market, 0.22% of the 

Spanish market, 0.11% of the 

Italian market) and not presented 

in others (Switzerland – India)

2-6 Market Penetration rate 

of the most important dates 

importing countries:

The rate of market penetration 

is known as the ratio between 

the states imports of the goods 

and the actual consumption of 

the same goods, and whenever 

that ratio increased means the 

breadth of the market and the 

easiness to enter it and vice 

versa, and the data of table 

number (09) in annex indicate to 

rising of the rate indicator of the 

market penetration of the main 

dates importing countries in 

2006, the value of this indicator 

reached the maximum in the 

French market reaching 1.72, 

and reached the minimum in the 

Italian market reaching 0.64, it is 

evident that there is possibility 

to increase the Algeria’s dates 

exports to those markets.

2-7  The important competitor 

states to Algerian dates 

exports in the most important 

markets: 

2-7-1 - The French market: 

As shown in Table No. (10) in 

Annex that Tunisia is the main 

competitor countries to Algerian 

dates exports in the French 

market in 2006 , its dates exports 

to France reached 13.1 thousand 

tons valued at 22.3 million dollars 

, an average price of 1,700 dollars 

per ton , although its production 

did not exceed 110 thousand 

tons in 2006. And Israel comes 

in second rank that its dates 

exports to the French market 
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reached 1,200 tons valued at 

4.2 million dollars at an average 

price of 3529 dollars per ton, 

although its production of dates 

has not exceeded 11.2 thousand 

tons in 2006.

The Kingdom of Saudi Arabia 

ranked third with the dates 

exports to the French market 

reached  8 tons valued at 10 

thousand dollars at an average 

price of 1,250 dollars per ton, 

although the its production of 

dates has exceeded 829 thousand 

tons in 2006. It is clear from the 

foregoing that, although there is 

a competitive price advantage 

to Algerian dates in the French 

market , but it is observed the 

lack of exports to that market 

, which indicates that it is not 

related to the price , but related 

to marketing services as filling 

and packaging and other.

2-7-2-The German market:

The data table (11) in annex 

indicates that Tunisia is also a 

among the important competitor 

countries to exporting Algerian 

dates in the German market, its 

exports to that market 4096 

tons valued at 7.8 million dollars 

at an average price of 1894 

dollars / ton in 2002 and then 

it comes Iran , France , Israel , 

Turkey , Pakistan , Saudi Arabia, 

which their exports amounted 

to 1135 , 476 410 365 , 202.17 

tons valued at about 1022.850 , 

1570.460 , 99.19 thousand dollars 

an average price of 900.1786 

, 3829.1260 , 490.1118 dollars 

per ton , while Algeria’s dates 

exports is not exceeding to the 

German market 187 tons valued 

at 378 thousand dollars at an 

average price of 2021 dollars per 

ton in 2006.

 

2-8 The competitive position 

of Algerian dates in the 

most important international 

markets:

 The Meaning of the competitivity 

is the ability of a country to 

produce goods and services 

that provide the needs of the 

international markets and help at 

the same time to achieve a high 

level of living to people of that 

country with continuity of this 

rise , competitivity measured 

through the competitive price 

indicator, and the competitive 

production indicator, and the 

value of both indicators is 

ranging between zero , and 

one true and whenever the 

resulting value is getting higher 

that means the improvement 

of the competitive position 

of the country and vice versa. 

The data table ( 12) in Annex 

indicate to the increasing of the 

value of the competitivity price 

indicator of the Algerian dates in 

the french and german markets 

which the value of this indicator 

is one true , and 0.8 , respectively . 

And about the competitive 

production indicator for Algerian 

dates, it has been observed high 

value of this indicator in each 

of the French market and the 

German market which the value 

of this indicator is one true.

DISCUSSION

Despite the importance that 

palms sector occupied in Algeria 

at the both internal and external 

levels, the process of exporting 

dates is managed by not serious 

mechanism and characterized by 

a lack of competence and poor 

performance. Actually, it can be 

said that at present there is not 

objective system for dates trade 

in order to raise the value of 

the product and to compensate 

the farmer hard work , as well 

as ensuring the production 

quality and to identify as well 

the varieties products, this 

subject began to aggravate 

and resulted the perturbation 

in the dates market because of 

the snaping up of wholesalers 

and the mediators whenever 

the approaching of the harvest 

season at the palm farms in order 

to monopolize the purchase 

the largest possible quantity 

of production by the lowest 

prices by exploiting the far away 

of production areas from the 

consumption centers and non-

possession of marketing facilities 

for farmers and particularly the 

transportation, which can those 

traders and mediators easily 

impose low prices that achieve 

greater profits for them.

In order to improve the 

competitivity of the Algerian 

dates in the export markets, 

there are many ways to improve 

the dates competitivity in foreign 

markets, the most important as 

following:

• Taking into account the 

business assets in the 

transaction, and invasion of 

new export markets in Europe, 

Asia, the Americas and Africa 

as well as to increase export 

capacity in the Arab markets. 
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• Improve the publicity means 

for the Algerian dates in the 

international markets and 

the support of government 

to specialized organs in the 

external marketing to do their 

job.

• The expansion in the 

manufacturing and 

packaging dates because of 

its importance in reducing 

the annual surplus production 

and thus to get an added 

value which increase the 

economic returns of dates 

through the improvement 

of the manufacturing 

means and caring the 

health conditions and the 

commercial specifications 

to cover the demand in the 

export markets.

• Encourage the investments to 

establish factories to produce 

dates in latest model, and 

provision of appropriate 

machinery to save the wet 

dates by cooling.

• Conducting the field and the 

office research to prepare 

the final classification of the 

Algerian dates and preparing 

standard specifications for 

each variety separately so 

that the researchers can 

work on rising productivity in 

different areas in the light of 

prevailing weather conditions.

• Supporting the funding 

and encouragement for the 

sector by establishment of a 

special fund to advancement 

the palm trees to cover the 

expenses of the agricultural 

works required by this sector 

during the year in the form 

of soft loans, where the 

applicable seasonal loan do 

not cover the need and affect 

a small part of the farmers.

• Apply the specifications to 

external exporting dates by 

precision and submitting it 

to strict instructions by the 

government agencies to 

ensure that the issued external 

exports is conformable to the 

special specifications of this 

product and guarantee thus 

improving the image of the 

Algerian dates in the external 

markets.

• Inserting the internationally 

required varieties, by 

planting them instead of bad 

varieties or adopting them 

from the beginning into the 

modern farms and test their 

adaptability to environmental 

conditions of each region.

• Reliance on modern 

agricultural methods, 

especially in the irrigation 

field because of its feasibility 

in economizing of water and 

reduce the spread of weeds. 

And the process of improving 

the competitivity of dates 

in the external markets 

still requires studying the 

dates external markets and 

providing the marketing 

information about it (the 

demand volume, specification, 

quality, required varieties, 

package size, packaging, 

prices, competitive countries 

in those markets).
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Table (1): the total area and total production of dates and productivity in Algeria

during the period 2000-2010

index 

number

Productivity 

(kg)

index 

number

National 

production (tons)

index 

number

Area 

(hectare)
Years

10040.831003656161001018202000

118,1548.24119,62437332102,521043902001

109,3644.65114,44418427118,671208302002

125,0351.05134,62492200126,501288002003

110,8045.24123,08450000132,591350002004

120,2149.08141,21516293145,261479062005

115,1147134,35491188151,611543722006

110,2145144,12526921157,011598712007

107,7644151,19552765159,141620332008

121,2349.5164,30600696157,991608672009

123,6850.5176,34644740158,211610902010

Source: Agricultural Statistics series 2000-2010...

Table (2) the general trend equations of the area , and productivity , and total dates production during the 

period 2000 - 2010

Statement
The general trend 

equation

The correlation 

coefficient®

The coefficient 

of determination

(R2)

significant regression 

equation

Level 0.05 Level 0.01

Area Yi=1007+6612xi 0.88 0.91 significant significant

Productivity
Kg / Palm

Yi=702.3+0.37xi 0.096 0.15
Not signifi-

cant
Not

significant

Production 
(tons)

Yi=507+23297xi 0.78 0.90 significant significant

Source: Data collected and calculated from the data of the ministry of Agriculture for the period 2000-2010,it was also calculated 

the general trend in linear form yi = a+bxi

Tables
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Table (3): Evolution of the relative importance of exports of dates from the Algeria’s agricultural exports 

during the period :2000 -2010

The proportion of exports 

of dates to thetotal 

agricultural exports

Rate of 

evolution

Exports of 

dates, $ 1000

Rate of 

evolution

Agricultural 

exports $ 1000Years

13,29100147481001110002000

6,7870,8010441138,741540002001

7,64110,7916340192,792140002002

12,18111,5116446121,621350002003

9,4698,7514563138,741540002004

11,28125,3918493147,751640002005

12,15135,9020043148,651650002006

12,75156,5223083163,061810002007

23,54135,702001376,58850002008

5,0292,8813698245,952730002009

13,44114,8016930113,511260002010

Source: Data were collected and calculated from the following data O.N.S, Algeria in figures, N031, 2000 Results, 2011 Edition

Table (4): Algeria’s rank among the most important dates exporters, according to the relative importance 
of the total global dates exports in the average period 2002-2007,

 %Of world 

exports
Ranking

The export 

price in dollars 

per ton

Exports to 

$ 1000
Ranking

%Of world 

exports

Exports 

(tons)
State

100-675386251-100571962World

25,20120779733648,1946864Tunisia

14,75241256977224,21138445Iran

8,1957293162357,5843380Saudi Arabia

4,70714051817162,2612931Algeria

9,46345703653171,407993Israel

3,78826641461280,965485America

7,61635929392314,3281923Pakistan

8,25420531870127,24155805
United Arab 

Emirates

Source :trade Map-ITC-WTO-Market analysis section
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Table (5): the evolution of dates exports in Algeria during the period 2000-2010

Export prices 

of $ / ton
Rate of evolutionExport value

$ 1000

Rate of 

evolution

Export quantity 

(tons)
Years

136810014748100107832000

133070,801044172,8078502001

1482110,7916340102,22110222002

1613111,511644694,57101982003

563498,751456323,9725852004

1702125,3918493100,74108632005

1626135,9020043114,33123282006

1728156,5223083123,86133562007

1990135,702001393,25100552008

153192,881369882,9589452009

1629114,801693096,38103932010

متوسط الفترة1967184798100108378

Source: Calculated from : Agricultural Statistics Series A 2000-2010, p. 06

Table( 6): Average annual export according the geographical distribution during the period 2002-2007

TotalAsian countriesOf American 

States

African 

countries

European 

countries
Years

Value
Quan-

tity
Value

Quan-
tity

Value
Quan-

tity
Value

Quan-
tity

ValueQuantity2002

163401102326919747132613456361425698642003

16446101972471909715986532991457491102004

14563813346331410304962331371246771872005

184931086329520417108767242931576394902006

20043123285264171143114136162817013105972007

23083133564404142107114212617061927411094Total

108968659002240173674323552557726999334757342
Average

18161109833732891239592929450155589557%

1001002.252.636.855.45.24.185.787
Average 

price

1653.5 
Dollars 
per ton

944.6 
Dollars 
per ton

2092.9  
Dollars 
per ton

213.8 
Dollars 

per  
ton

1627.9 
Dollars 
per  ton

98642002

Source: Collected and calculated from: Food and Agriculture Organization of the United Nations, the organization web site on 
the Internet.
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Table (7): the relative importance of the average quantity and value of Algerian dates exports to the most 
important countries in the world during the period 2002-2007

The proportion 

of the value 

of exports to 

total exports

The 

proportion 

of the 

quantity of 

exports to 

total exports

The 

proportion of 

the value of 

exports in the 

continent

Ratio of the 

quantity 

of exports 

in the 

continent

The 

average 

value of 

exports ($ 

(1000)

The 

average 

quantity 

of exports 

(tons)

country

73.6575.5585.8486.91133550008280France

5.645.036.575.81022000551Belgium

4.693.4189.7882.6851000373Morocco

4.404.295.134.9798000470Spain

4.184.1460.465.7757000454Canada

2.742.1639.634.3496000237USA

1.181.6757.1863.11214000182Russia

0.650.710.760.8211800078Sweden

0.540.620.630.729800068Italy

0.500.6124.1423.229000067Turkey

0.410.320.480.377500035Britain

0.210.189.966.873700020
United Arab 

Emirates

0.140.132.623.122500014Guinea

0.090.054.261.87160005Malaysia

0.0820.041.560.99150004Mauritania

0.0770.060.090.07140006Netherlands

0.0570.0670.070.08100007Croatia

0.0460.0380.050.0480004Germany

Source: Collected and calculated from: Food and Agriculture Organization of the United Nations, the organization web site on 

the Internet.

Table (8): the market share of Algerian dates exports, in the most important markets in 2006.

Market shareMarket

0.45France

0.25Germany

0.22Spain

0.11Italy

0Switzerland

0India

Source: Collected and calculated from : the World Trade Center , the website of the center on the interet.
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Table (9): penetration rate of the most important imported dates markets in 2006

The rate of market penetrationMarket

1.72France

1.47Germany

1India

0.64Italy

0.64Spain

Source: Collected and calculated from: Food and Agriculture Organization of the United Nations, the organization web site on 

the Internet.

Table (10): The most important competitor countries to Algeria in exporting dates
to the French market in 2006

Production 

(tons)

Exports

Statement

country Value in thousands of 

dollars
Price $ / ton

Quantity 

(tons)

11000022304170113115

4184271144113548449Algeria

11200423535291200Israel

8295401012508Saudi Arabia

136916737990166822772Wholesale

Source: Collected and calculated from: the World Trade Center, the site of the center on the web.
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Table (11): The most important competitor countries to Algeria in exporting
dates to the German market in 2006

Production (tons)

ExportsStatement

country
Value in thousands 

of dollarsPrice $ / tonQuantity (tons)

110000775718944096

87900010229001135Iran

1120015703829410Israel

---8501786476France

94004601260365Turkey

4184273782021187Algeria

65000099490202Pakistan

82954019111817Saudi Arabia

29075671215517656888Wholesale

Source: Collected and calculated from: the World Trade Center, the site of the center on the web.

Table (12): competitive indicators of Algerian dates exports in the most important markets in 2006

Competitive productionCompetitive priceMarket

11France

10.8Germany

Source: Collected and calculated from the data tables numbers (10.11).
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Figures

Figure (2): Evolution of the quantity and value of dates exports in Algeria 2000-2010

Figure(1): the evolution of the quantity and the value of dates exports of Algeria during the period 2000-2010
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Abstract

Arbuscular mycorrhizal fungi are 

endophytic fungi that enhance 

plant growth and biomass 

production in arid and sub 

arid areas where phosphorus 

is massively under insoluble 

forms in soil. Earlier works 

established that the enhanced 

biomass results from improved 

nutrient status. In particular, 

Arbuscular mycorrhizal fungi 

mediate phosphorous supply. 

The objective of this study is to 

evaluate the role of arbuscular 
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mycorrhizal fungi (Glomus 

manihotis) in solubilizing rock 

phosphate enhancing thereby 

growth of date palm (Phoenix 

dactylifera L.) seedlings under 

phosphorus deficit. Young 

germinations of date palm 

were grown on inert substrate 

containing 5g of rock phosphate 

and inoculated or not with 

Glomus manihotis. Cultures were 

irrigated with Hoagland solution 

containing or not KH2PO4 as 

phosphorus source. After two 

months, growth, physiological 

and biochimical parameters 

were assessed in mycorrhizal 

(AM-plants) and non mycorrhizal 

plants (Non-AM). Obtained 

results showed that mycorrhizal 

colonization induces an increase 

in growth parameters (fresh 

weight and plant height) and 

biomass production (shoot and 

roots dry weights) regardless 

phosphorus treatment. In the 

presence of rock phosphate as 

the only source of phosphorus, 

mycorrhizal date palm 

seedlings showed increased 

acid phosphatase, activity as 

well as higher level of soluble 

sugar, higher relative water 

content and higher stomatal 

conductance compared to non-

inoculated plants. However, 

the guaiacol peroxidase and 

polyphenoloxidase activities 

were highest in non-inoculated 

seedlings under phosphorus 

deficit.

Keywords: date palm seedlings, 

arbuscular mycorrhizal fungi, 

Phosphorus deficiency, rock 

phosphate solubilization.

1. INTRODUCTION

Plants of arid and semi-arid 

areas including date palm are 

often faced with the combined 

effect of several biotic and 

abiotic stresses. In addition 

to the lack of water, which 

is the main limiting factor of 

growth, soils are generally 

poor in essential nutrients 

such as phosphorus (Diem et 

al., 1981; Mikola, 1987). Under 

such difficult environmental 

conditions, the quality of the 

root system and the efficiency 

of its association with the soil 

microorganisms may play 

an important role in plant 

development. In these extreme 

conditions, plants survival 

is likely due to the result of 

the symbiotic association 

between root and soil borne 

arbuscular mycorrhizal fungi 

(AMF). Arbuscular mycorrhizal 

symbiosis is known to benefit 

mineral nutrition and to 

provide improved water 

relations thereby enhancing 

host plant protection against 

the detrimental effects of 

environmental constraints 

such as salinity (Klironomos 

et al., 2001; Giri et al., 2003), 

water and nutrients deficiency 

(Aqqua et al., 2010; Faghire et 

al., 2010 ; Baslam et al., 2014) and 

resistance to pathogenic soil 

microorganisms (Garmendia 

et al., 2004). The present work 

aims to evaluate the effect of 

arbuscular mycorrhizal fungi 

on growth and physiology of 

date palm seedlings under 

phosphorus deficit.

2. MATERIAL AND 
METHODS

Seeds of date Palm were 

disinfected with sodium 

hypochlorite (20%) for 20 

minutes and germinated in sterile 

wet sand at 38°C in the dark. 

Two weeks later, germinating 

seeds were transplanted in pot 

containing 1kg of inert substrate 

containing or not 5 g of rock 

phosphate and inoculated or 

not with 5 g of inoculum of 

Glomus manihotis consisting 

of a soil mixture of spores and 

mycorrhizal roots fragments of 

barley (Meddich et al. 2000). 

Cultures were then irrigated with 

Hoagland solution containing 

or not KH2PO4 as phosphorus 

source. After four months date 

palm plantlets were harvested 

and growth parameters (shoot 

height and shoot fresh weight) 

as well as biomass production 

(shoot and roots dry weights) 

were measured. Plantlets water 

status was examined through the 

evaluation of the relative water 

content (RWC) and stomatal 

conductance. Measurements of 

the stomatal conductance were 

carried out during a sunny day 

on the leaf surface of a single 

leaf per plant using a diffusion 

porometer SC-1. 

Biochemical analysis including 

enzymes essays were carried 

out on crude extract obtained 

from 0.1g of date palm leaves 

that were ground with 0.02g 

of polyvinylpolypirrolidine 

(PVPP) in a cold mortar and 

soaked with 2 ml of phosphate 
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buffer 0.1 M (pH 7.0) containing 

0.0168g EDTANa2 and 0.1 g of 

polyvinylpolypirrolidine (PVPP) 

at 1%. The mixture was then 

centrifuged (15 000xg) for 15 

min at 4 °C and the supernatant 

recovered was stored at 4 °C until 

analysis of the various enzymatic 

activities. Acid phosphatase 

activity was determined 

by measuring the amount 

of para-nitrophenol (pNP) 

released by using a UV-visible 

spectrophotometer at 405 nm 

(Araùjo et al., 2008). Activity 

of guaiacol peroxidase (G-POX) 

was determined according to 

the method of Putter (1974) 

by following the increase of 

the absorbance caused by the 

appearance in the medium of 

oxidized guaiacol. Polyphenol 

oxidase as (PPO) activity 

was determined in a reaction 

mixture containing 200μL of 

phosphate buffer (0.1 M), 500μL 

of catechol  (10 mM), 100μL of 

enzyme extract and 250 mL of 

H2O2. After 3 min of incubation 

at ambient temperature, the 

absorbance was determined 

at 410 nm. Total soluble sugars 

were determined by the method 

of Yemm et Willis (1954). It is to 

take 50μL of plant extract, 450μL 

of phosphate buffer and 3 mL of 

anthrone reagent in clean glass 

tubes. The tubes are placed in a 

water bath at 100 ° C for 15 min. 

Reading the absorbance at 620 

nm is performed. The values   

obtained are reported in the 

standard range.

Statistical analysis

The results were statistically 

analyzed using SPSS software. 

This analysis includes an ANOVA 

2 followed by means comparison 

using LSD test at 5%.

RESULTS

3.1. Growth parameters 

Plant growth parameters varied 

significantly depending on the 

phosphorus treatment and 

mycorrhizal inoculation (Table 

1). Plan height and shoot and 

root fresh weights were greatly 

reduced in plantlets irrigated 

with nutrient solution without 

soluble phosphorus compared 

to those irrigated with complete 

nutrient solution regardless 

mycorrhizal inoculation. 

This reduction was more 

pronounced in non-inoculated 

than in mycorrhizal plants. In 

the absence of soluble P, plants 

cultivated on substrate added 

with rock phosphate showed 

higher plant growth parameters 

than those cultivated without 

any source of P. Moreover, in 

the presence of rock phosphate 

as the only source of P, 

mycorrhizal plants grow higher 

compared to the respective 

non-mycorrhizal plants and to 

the plants irrigated with nutrient 

solution without P. The lack of 

any source of P generates a 

significant reduction in biomass 

production in both mycorrhizal 

and non-mycorrhizal plants 

(Table 1). In mycorrhizal plants, 

the addition of rock phosphate 

allows a more relevant increase 

of root and shoots dry weights 

than in non-mycorrhizal plants. 

Non-inoculated plants and 

plants cultivated without any 

source of phosphorus produce 

less dry material (Table 1). 

3.2. Physiological parameters

Values of relative water contents   

vary significantly regarding 

phosphorus treatments (Table 

2). Water accumulated by the 

leaves of date palm seedlings 

remains increasingly important 

in the presence of phosphorus. 

Mycorrhizal plants showed the 

highest values of RWC regardless 

phosphorus status.

Stomatal conductance varies 

significantly with phosphorus 

treatment and mycorrhizal status 

(Table 2). Under phosphorus 

deficiency mycorrhizal plants 

recorded higher stomatal 

conductance value compared to 

non-inoculated plants (Table 2). 

Activity of acid phosphatase 

was lower in plants treated 

with complete nutrient solution. 

The highest acid phosphatase 

activity was recorded in 

mycorrhizal plants with the rock 

phosphate (RP) as the only 

source of phosphorus. However, 

the guaiacol peroxidase and 

polyphenoloxidase activities 

were highest in non-inoculated 

seedlings regardless phosphorus 

treatments. The peroxidase and 

polyphenoloxidase activities 

were increased by P deficit 

regardless mycorrhizal status. 

Under phosphorus deficit 

soluble sugar content was lower 

in leaves of non-inoculated 
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plants than in mycorrhizal ones 

(Table 2). 

DISCUSSION 

This study investigated 

the influence of arbuscular 

mycorrhizae on the growth 

and physiology of date palm 

seedlings under phosphorus 

deficit. The results showed 

that plants growth and 

biomass production   varied 

significantly with the applied 

phosphorus treatments. The 

highest values were recorded 

in AM-plant compared to NM-

plant under all phosphorus 

treatments. The same results 

were observed by Bowen et 

Théodorou (1967) who showed 

an increase in dry material 

of Pinus radiata seedlings 

inoculated under phosphorus 

fertilization compared to non-

inoculated seedlings. This 

increase was related to the 

role of arbuscular mycorrhizal 

fungi in enhancing uptake of 

H2PO4- (Gillespie and Pope, 

1991). 

On the other hand, values   of 

the stomatal conductance 

vary differently according 

to mycorrhizal status and 

phosphorus treatments. Under 

phosphorus deficit stomatal 

conductance was highest in 

mycorrhizal seedlings. Similar 

results were reported by 

Augé et al (1986) showing 

low osmoticums in non-

mycorrhizal plants under 

phosphorus deficiency. 

The enhanced stomatal 

conductance go along with 

increased levels of relative 

water content (Allen and 

Boosalis, 1983 ; Bildusas et 

al, 1986) as well as increased 

soluble sugar concentration 

(Suresh and Bagyaraj 1984). 

Activity of acid phosphatase 

was lowest in plants treated 

with complete nutrient solution 

and highest in mycorrhizal 

plants with RP as the only 

source of P. This was probably 

due to the lack of soluble 

phosphorus in the soil and 

the availability of other forms 

of insoluble phosphorus (RP) 

which requires high activity 

of acid phosphatase for its 

solubilization (Mousain et 

Salsac 1986). The peroxidase 

and polyphenoloxidase 

activities were increased by P 

deficit regardless mycorrhizal 

status. Peroxidase and 

polyphenoloxidase activities 

were highest in non-inoculated 

seedlings. Similar result were 

reported by Avdiushko et al 

(1993) and Zheng et al (2005), 

suggesting the contribution of 

these enzymes in the catalysis 

of the formation of lignin and 

other oxidative phenols that 

contribute to the formation of 

defense barriers for reinforcing 

the cell structure.

CONCLUSION

Phosphorus deficiency is one 

of the major problems in palm 

grove ecosystems that affect 

plants growth and productivity. 

However, this investigation 

showed that arbuscular 

mycorrhizal colonization can 

improve date palm growth 

and biomass production under 

phosphorus deficit through, 1) 

enhancing plants water status, 

2) increasing phosphorus 

availability by enhancing 

acid phosphatae activity that 

contributes to phosphorus 

solubility, and 3) the activation 

of enzymes catalyzing the 

formation of lignin and 

other oxidative phenols that 

contribute to the formation of 

defense barriers for reinforcing 

the cell structure.
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Tables

Table 1 : Effect of arbuscular mycorrhizal fungi on growth and biomass production in date palm seedlings 

under phosphorus deficit

P Treatment
Mycorrhizal 

status
% M

Plant 

height 

(cm)

Shoot fresh 

weight (g)

Root fresh 

weight (g)

Shoot dry 

weight (g)

Root dry 

weight 

(g)

Complete nu-
trient

NM 0 30,1 bc 19,3 b 15,5 b 12,4 ab 12,0 bc

solution Nutri-
ent

AM 63.3 b 35,8 a 22,8 a 17,7 a 14,1 a 14,5 a

solution with-
out P

NM 0 28,8 bc 14,9 cd 14,7 bc 10,9 cd 11 cd

+ Rock P AM 69 a 31,9 ab 15,6 c 15,9 b 11,8 bc 12,4 b

Nutrient solu-
tion

NM 0 26,0 c 12,7 d 12,7 d 9,5 d 9,6 e

without P AM 60 c 28,4 bc 13,3 cd 13,7 cd 10,1 cd 10,1 de

Table 2: Effect of arbuscular mycorrhizal fungi on physiology of date palm seedlings under phosphorus 

deficit

P 

treatments

Mycorrhizal 

status

Stomatal 

conductance

(μmol/m2)

Relative 

water 

content

(%)

Acid 

phosphatase 

activity

(UE/mg of

protein)

Guaiacol 

Peroxidase 

activity 

(UE/mg of

protein)

Polyphenol   

activity 

(UE/mg of

protein)

Soluble 

sugar 

(μg/mg 

of fresh 

material

Complete 
nutrient

NM 115,47 e 64,44 a 0,47 e 77,63 c 57,29 f 62,30 bc

solution 
Nutrient

AM 161,27 c 82,97 ab 0,27 d 36,81 ab 37,72 e 67,39 ab

solution 
without P

NM 125,03d e 55,62 b 0,68 c 102,93 a 108,50 b 58,62 c

+ Rock P AM 216,03 b 60,98 ab 2,79 a 54,21 bc 67,37 d 71,15 a

Nutrient 
solution

NM 136,00 d 46,70 b 0,41 d 106,58 a 168,90 a 30,91 e

without P AM 233,67 a 50,66 b 1,85 b 74,3 7ab 77,62 c 45,22 d
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