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EDITORIAL 

One of the objectives of the Regional Project for Palm & Dates Research 
Centre is to disseminate the results of continuous research on the date plam. 
The fact that there is not even a single journal devoted exclusively to the date 
palm- the Date Growers' Institute (Coachella Valley, California) ceased 
publishing its Annual Report in 1979 - was a primary factor in convincing 
us of the importance of publishing a date palm journal so that new research 
and knowledge in the field would be readily available to specialists. 
However, in starting this new journal the Regional Project has not acted 
hastily, but has devoted a long period of time to studying the relevant ques­
tions in this regard: first, whether there is a demand for such a journal; and, 
second, if so, what kind of journal, with what contents, language, periodicity 
and the like. 

The Project subsequently proposed the journal's publication to its 
Technical Coordinating Board at its first meeting in Tripoli in June 1979. 

The Board unanimously supported the proposal to issue the journal. One of 
the many points raised in drawing up the journal's guidelines was one which 
deserved special attention: the language of the journal. The Board agreed 
that for the benefit of the Project's participating countries the journal should 
be bilingual in nature, viz. if an article were in English, it should have an 
Arabic summary and vice versa. It was also decided to issue the journal 
semi-annually and that it should contain research papers and review articles 
(written by persons working in the industry and associated fields), short 
communications, news and views, new records of insect pests, abstracts of 
current findings in the field appearing in other publications, book reviews 
and advertisements related to the date palm industry. 

We sincerely hope that the Date Palm Journal would not only have a 
successful career, but will also prove of practical assistance in bringing up­
to-date research findings and information to the attention of all specialists in 
the field .The Editorial Board welcomes any views or suggestions from 

readers to assist us in improving the journal so that it remains a meaningful 
and valuable tool to specialists. 
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NOTES FOR AUTHORS 

The Date Palm Journal is published twice a year by the FAO Regional 

Project for Palm & Dates Research Centre (NENADA TES), Baghdad, 

Iraq. Contributions to the Journal may be (a) papers of original research in 

any branch of date palms, (b) review articles, (c) short communications, 

and (d) news and views. The research papers submitted for publication in 

the Journal should not have been previously published or scheduled for 

publication in any other journal. 

Manuscripts 

Papers may either be in Arabic or in English with summaries in both. The 

manuscript should be typewritten (double spaced, with ample margins) on 

one side of the paper only. Two copies of the manuscript should be sub­

mitted, the original typed copy along with a carbon copy. Authors should 

organize their papers according to the following scheme as closely as 

possible: (a) title of paper, (b) author's name (and affiliation written at the 

bottom of the first page), (c) abstract, (d) introduction, (e) materials and 

methods, (f) results, (g) discussion, (h) conclusion, (i) acknowledgement (s), 

UJ literature cited (arranged alphabetically), using the following illustrated 

format: 

Andlaw, R.J. (1977): Diet and dental caries- a review. J. Human Nu­

trition 31:45. 

Francis, D.E.M. (1974): Diet for sick children. 3rd Ed. Oxford: 

Blackwell. 405 pp. 

Lepesme, P. ( 1947): Les insects des palmiers. Paris: Lechevalier. 24 7-48. 

Tahara, A.; T. Nakata & Y. Ohtsuka (1971): New type of compound 

with strong sweetness. Nature 233:619. 

However, in case of short papers and communications, results and dis­

cussion could be combined in one section. 

Tables 

Tables should be reduced to the simplest form and should not be used 

where text or illustrations give the same information. They should be typed 

on separate sheets at the end of the text and must in no case be of a size or 
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form that will not conveniently fit onto the Journal page size. Units of 

measurement should always be clearly stated in the column headings; any 

dates relevant to the tabulated information should be stated in the table title 

or in the appropriate column heading. 

Illustrations 

Line drawings and graphs must be in jet black ink, preferably on bristol 

board or tracing paper .Photographs should be on glossy paper, negatives 

being supplied where possible. Figures including both line drawings and 

photographs, should be numbered consecutively in the order in which they 

are cited in the text. The approximate position of tables and figures should 

be indicated in the manuscript. 

Units 

Units should follow the metric system. Yield or rate is expressed in metric 

tons/hectare or kg/hectare. Any reference to currency should be expressed 

in U.S. dollars or the equivalent to a local currency stated in a footnote. 

Offprints 

Unbound, free copies of offprints are allowed as follows: one author, 20 

copies: two or more authors, 30 copies. Additional copies may be obtained 

on payment at cost and if more than the gratis number is required, this 

should be specified when the paper is submitted. 

Correspondence 

Contributions and correspondence should be addressed to the Chairman, 

Editorial Board, Date Palm Journal, c/o Regional Project for Palm & 

Dates Research Centre in the Near East & North Africa, FAO, P.Q. Box 

163, Baghdad, Iraq. 
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DIRECTORY OF RESEARCHERS 

The Project is planning to publish a directory of date palm researchers 

and projects and would solicit cooperation of the readers of the Date Palm 

Journal to provide information along the following lines and forward it to 

the Chairman, Editorial Board of the journal. 

1.~--,;c;---c;---~o;---c--;-------------
Name (Family name & first name) 

2.-=o.,----;;-:-----;------;:-:---------------
Title & business address 

3 .. ~~~~~----~--~----~~~~~----­
Date of birth (Day-month-year) 4. Nationality 

5 .. ~,_-,--...,.----=--,-~~----~--~~--~-
Highest degree (B.Sc., M.Sc., Ph.D. or other) 6 Year awarded 

7 .. ~-----;~~~-------o-~~----,-~----
Name of university 8. Major subject 

9 .. ~-----;~~-~~~------------­
Present field of specialization 

10.~~-~-~---~------------
Total number of years experience 

II. Field of work (Please tick applicable field (s) from those listed): 

__ Botany, taxonomy & varieties Insects & mites 

___ Breeding & genetics ___ Diseases 

___ Plant physiology ___ Plant protection 

____ Soils ___ Harvesting, fruit handling, 

packing 

Nutrition & fertilizers 

___ Propagation 

Other cultural practices & 

techniques 

__ Other activities (specify) 

vii 

___ Fruit chemistry & processing 

___ Economy & trade 

Food & nutritional value 
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BAYOUD DISEASE IN NORTH AFRICA: HISTORY, 

DISTRIBUTION, DIAGNOSIS AND CONTROL 

M. DJERBI 

Plant Pathologist, FAO Regional Project for Palm & Dates Research 

Centre in the Ncar East and North Africa. 

ABSTRACT 

Fusarium wilt or Bayoud, caused by a soil - borne fungus vFusarium 

oxysporum f. sp.albedinis ), is the most important disease of date plams in 

the world. Beginning from the Draa Valley sometime before 1870, Bayoud 

has invaded all Moroccan palm orchards as well as those in the south wes­

tern part of Algeria and has destroyed more than 10 million trees in Mo­

rocco. At the present time, Bayoud constitutes a particular threat to eastern 

Algeria where the very susceptible variety Deglet Noor is grown, as well as 

to all date-growing areas in the world. 

The external and internal symptoms as well as the characteristics of the 

pathogen are reviewed. Survival of the pathogen in the form of chlamydo­

spores, its development in the trees, from the roots to the terminal bud th­
rough vascular system and the spread of Bayoud by root contact or by 

diseased offshoots or infected date tissues are described. 

Different means of control are reviewed, (chemical control, prophylactic 

measures, eradication of active foci of Bayoud, etc.); however, the most 

interesting approach lies in research into resistant varieties. An intensive 

programme has been undertaken by the author in collaboration with the 

Saharan Agronomic Centre of Marrakesh, !Morocco, aimed at control of 

Bayoud disease through the selection of resistant, high quality varieties 

from the natural population of date palms and also through a breeding 

programme. 
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Bayoud Disease in North Africa 

INTRODUCTION 

Bayoud is incontestably the most serious cryptogamic disease of the date 
palm (Phoenix dacty!ifera L.). It constitutes a veritable plague in the date­

growing areas of parts of North Africa and a threat to those countries 

which are still unharmed by it. Bayoud is an epiphytotic disease for which 

there is no known cure at the present time. 

Bayoud most probably has its origin in the Draa Valley of Morocco. 

However, it has advanced both eastward and westward and has now af­

fected most of Morocco's palm groves (44, 55). To the east, the disease has 

advanced in the direction of the Algerian oases, destroying a part of the 
palm groves in its path. 

The disease continues to advance relentlessly eastward despite proph­

ylactic measures and regular attempts at eradication undertaken in Algeria 

(5' 20). 

HISTORY OF RESEARCH ON BAYOUD DISEASE 

The first scientific studies on Bayoud done at Figuig,.Morocco, by Foex 
and Vayssiere in 1919 (18) recognized the disease's vascularity. In 1921, 

Sergent and Beguet (48) asserted that Bayoud is an infectious and epidemic 

disease that progresses from the roots upwards. They isolated a micro­
scopic fungus that Maire compares to the Neocosmospora vasinfecta 

Smith. 

Nevertheless, in 1925 Piney (45) was able to isolate this fungus from af­

fected trees. Not having succeeded in infecting the trees by natural means, 
he abandoned the notion of a cryptogamic disease. Instead, he returned to a 

physiological theory implicating asphyxia of the roots as the cause of wi­

thering. 

During the course of an expedition in southern Algeria in 1926, Ba­

lachowsky (3) found Bayoud in the Saoura and considered it a parasitic 

and infectious disease. 

In 1930, Killian and Maire (22) called itCylindrophora a!bedinis N. sp. 
(Kill. and Maire). In I 934, Malen9on (30 - 32) having undertaken more 

detailed studies in Morocco, observed intra-vascular microconidia, which 
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led him to assert that Bayoud is a tracheomycotic disease. Then, in 1934, 

he noted the presence of microconidia, macroconidia and chlamydospores 

in culture. He thus identified the fungus as a Fusarium albedinis(Kill. and 

Maire) Malen9on,\ and subsequently linked it to Fusarium oxysporum, 
classing it in the e/egansjsection of Wollenweber. 

The observations of Pereau- Leroy (44) and Bulit et alp 1) confirmed 

this decision and the denomination of this fungus became, according to the 

present nomenclature of Snyder and Hansen (47- '18) Fusarium!oxyspo-) 
rum) forma specialis a/bedinisj(Malen9on)\ Snyd. & Hansen. 

The identification of this fungus as well as its mode of infection of the 

palm trees incited controversy. Certain authors (22, 30- 32) thought that 

infection took place through wounds in the palm trees. Nevertheless, ex­

periments done by Malen9on\(34, 36- 37) failed to infect palm trees th­

rough their wounds. Malen9onl also points out that the fungus can infect 

through female inflorescences; but having obtained the same result with a 

strain of Fusariumjbeet, he concludes that floral infection is not specifically 

an agent of Bayoud. Finally, in 1949, Malen9onj(36, 37) asserts that the 

fungus is soil- borne and that other modes of infection by the pathogen are 

only accidental. 

The role that this fungus plays in damaging palm trees has been con­

tested on several occasions. Pinoy ( 45) refers to an asphyxia of the roots. 

Balachowsky (2 - 3) envisions a viral or bacterial origin of this disease. 

Research directed by Pereau- Leroy in Morocco from 1950 to 1957 (43 

- 44) specifies information about the casual organism and its progression 

and geographic distribution in North Africa. This author also reports the 

indications that there are resistant varieties and classifies the principal 
Moroccan varieties according to their resistance or their susceptibility to 

the fusariose in their locality. 

After a period of interruption, research was again begun in 1963 as a 

collaboration project between the Centre for Agronomic Research 

(Morocco) and the Centre for Research on Pathogenic Flora in the Soil 
(Dijon, France). In Algeria as well, a team has undertaken short, 

medium and longterm research projects in order to find means to check the 

156 



Bayoud Disease in North Africa 

spread of this disease. 

Research during the course of the last decade has led, first of all to a 

precise description of the symptoms of the disease and characteristics of the 

pathogen (II, 24 - 29, 58). It has also led to' studies on the spread of the 

disease (II, 17, 57} as well as on the performance of the principal Mo­

roccan, Algerian and Tunisian date varieties with regard to this fungus (4 7, 

56, 58}. In addition, it has revealed several directions to be taken to control 
this disease (21, 26, 47, 51}. 

3. ORIGIN AND DISTRIBUTION 

The history of the spread of Bayoud in North Africa is similar to that of 

numerous epiphytotic diseases. Originating from a few foci recognized 

sometime before 1870 in the Draa Valley, the disease in one century has 
affected approximately all Moroccan palm groves, as well as those of the 

western and central Algerian Sahara (Fig. !}. 

Furthermore, while the spread of the disease in Morocco can be easily 

explained by its advance from oasis to oasis along the river valleys (Draa, 

Ziz, Gheris, etc.), the central and western Algerian oases present the ideal 

conditions for fighting epidemics . Indeed, the date growing zones in these 

regions are discontinuous and separated by large distances of uncultivated 

desert that reach hundreds of kilometers at times. In addition, harsh cli­

matic conditions in conjunction with rudimentary road systems have re­
duced communication between these zones. For these reasons the spread of 

Bayoud has not taken on the spectacular and epidemic proportions of other 

epiphytes. 

Following is an outline of the stages in the spread of the disease: 

As regards the origin of the disease, it is very difficult to establish the 

exact date, place and conditions under which Bayoud first appeared. But 
based on the work of several authors (30 -- 32, 43 - 44, 54 - 55}, the 

disease can fairly conclusively be considered to have first appeared during 

the last century in the Draa valley of Morocco, north of Zagora. The 

disease then advanced westward and especially eastward, following the 

string of palm groves that are more or less continuous along the valleys. 
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Bayoud's westward march seems to have been rather slow; indeed, the 

majority of Moroccan palm groves of the Bani were affected between 1900 

and 1920 (Foum, Zguid, Agadir, Tissint, Tata, Tarjicht). The last groves 

contaminated were at Icht and Foum et Hassane in 1954 and 1960 res­

pectively (54 - 55). 

The spread of Bayoud in the east has been much more spectacular. In the 

Draa Valley, Bayoud reached the Tafilalet (1870) by following the palm 

groves of Tazzarine, Ait Saidane and Alnif in the Saghro region. Starting 

from the Tafilalet area, Bayoud spread in three different directions: 

The disease first slowly advanced into the Ziz Valley and destroyed a 

major part of the fine commercial varieties (Medjool and Bou Feg­

gous). 

Simultaneously, Bayoud advanced into the valley of the western 

Gheris and covered 25 km in 30 years, reaching Goulmima in ap­

proximately 1900, Tagighoust in 1910, Timesguit in 1930 and finally, 

Am sed in 19 30. 

At the same time, advancing in a third direction, Bayoud appeared at 

the Algerian border in tne palm groves of Boudenib and Figuig in 

1890 and 1898 respectively. 

Further east the spread of Bayoud is better known because it is more 

recent and especially because it is found in regions of well-established ad­

ministrative organizations, notably in Algeria. 

The disease entered Algeria and affected Beni Ounif in 1898 and Colomb 

Bachar in 1900. The palm groves in the vicinity of these centers were in.turn 

affected ( Beni Abbes, 1908; Tabalbala, 1912; Taghit. !923). While the 

contamination of these oases seems normal given the fact that they neigh­
bour Moroccan palm groves affected by Bayoud, it is nonetheless surprising 
that the disease appeared at the same time (1902) at Foggaret es Zoua 

(Tidikelt) in the heart of the Central Sahara, a thousand kilometers from 

Bechar. 

The inhabitants of this oasis belong, historically, to the brotherhood of 

the Zoua, whose centre is found in the Boudenib region. There were thus 
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privileged relations between the two villages which explains the enormous 
leap by the disease. 

The contamination of palm groves sometimes separated by distances of 

hundreds of kilometers can only be explained by travellers transporting the 

fungus in infected wood or offshoots. Furthermore, Pereau-Leroy's work 

shows that the disease followed the major highways used by caravan mer· 

chants. Between 1920 and 1940 the map of Bayoud foci expanded 

modestly. Two contaminations are particularly important: in the Adrar 

and In Salah regions, affected in 1930 and 1941 respectively. 

Thus, contrary to Morocco where the disease spread by degrees, in AI·· 

geria the disease advanced in disordered leaps and bounds originating from 

various foci. 

The last 30 years have been particularly favourable to the propagation 

ofBayoud. Indeed, due to the disorganized nature of services during World 

War II and the Algerian War for Independence, research activities as well 

as elementary protective measures to check the spread of the disease were 

lacking in continuity (5, 9- 10, 15). Many foci thus appeared: Igli, Aoulef, 

Reggane, etc. 

The last stage that Bayoud reached is represented by the barrier of the 
Great Western Erg and the Tadmait plateau. Indeed, from Ain Salah it 
reached Metlili in 1950, thus crossing a distance of 700 km in a single 
bound: the Ghardaia palm grove was in its turn affected more recently 
(1965). 

This summary of the continued spread of Bayoud disease highlights the 

dangerous problem that weighs upon the important plantations of Deglet 
Noor in Oued Rhir, Algeria and even in Tunisia (19-20, 26). Bayoud 

constitutes a potential danger for the majority of the date­
growing regions of the world as well; especially since the fungus responsible 

for the disease can be transported and preserved for a long period of time in 
soil, in offshoots and in date palm fragments used in the production of craft 

items. Furthermore, better facilities for the transportation of merchandise 
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and people could, in the long run, lead to an entry of Bayoud into the large 

date growing zones of the Middle East. Indeed, the spread and expansion of 

Bayoud may be likened to the fusiarose of the banana tree, which has be­
come widespread throughout the world. 

ECONOMIC IMPORTANCE 

Bayoud has caused considerable damage which sometimes takes on 

spectacular proportions when the disease presents its violent epidemic 

aspect. Despite the absence of statistics before 1930 and evaluations that 

are only approximations at the present time, Pereau-Leroy (44) has es­

timated that Bayoud will have destroyed more than two thirds of the Mo­

roccan palm groves, or, ten million trees, in one century. This reduction in 

the number of trees, does not reflect the only important e!Tect of the da­

mage. Indeed, Bayoud has destroyed the best world-renowned varieties and 

especially those that are best cared for and the most productive. 

The remaining 4.5 million trees in Morocco were produced predo­

minantly !rom seedlings (Khalts = Sairs = Deguels) and varieties cha­

racterized by low production and are only of local interest compared to the 

fine Medjool variety. Medjool dates have been an important commercial 

item on European markets, especially in London, since the 17th centrury, 

but are presently disappearing. In Algeria, the disease has already des­

troyed the western and central palm groves and continues to spread from 

Metlili des Ghambas and Ghardaia .In the latter, practically the whole palm 

grove was contaminated, despite an information dissemination campaign 

(20). 

The deterioration of a palm grove due to Bayoud disease is catastrophic. 

It not only causes the loss of the best varieties, but also accentuates and 

accelerates the phenomenon of desertification. Indeed, Bayoud has greatly 

contributed to the first stage of degradation of surrounding steppes, 

stemming from an excessive use of firewood no longer supplied by the palm 

groves, as well as from overgrazing by animals that no longer find sufficient 

fodder in the deteriorated oasis. The result is an influx of farmers resettling 

in large urban centres who have abandoned their land. This phenomenon is 
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even more frequent when water becomes rare or is lacking. Thus the desert 

is progressively reaching the steppe, and certain oases destroyed by Ba­

youd have been abandoned by their owners. Thus, using the Draa Valley as 

an example, more than 2500 families have emigrated to the north of the 

country or abroad and more than 7600 workers have temporarily left the 

Draa palm groves in order to find seasonal work. 

Furthermore, Bayoud results in a loss of not only a staple food for the 

Sharan population (date is known as the bread of the Saharans) but also in 

the loss of a principal currency exchange for other indispensable products 

that are imported. Since the commercial variety Deglet Noor (which is very 

profitable due to its world-wide reputation for high quality) is susceptible, 

Bayoud is a particular threat to the principal date-growing areas of Algeria 

and Tunisia. 

It is evident therefore, that Bayoud constitutes a plague to Saharan 
agriculture and at its present expansion rate it will certainly pose serious 
problems of a human, social and economic nature in other date-producing 
areas of the world. 

SYMPTOMS 

The description of the symptoms of Bayoud disease has been the object 

of numerous publications (I I, 22, 26, 28, 30-32, 39, 43-44). This disease 

appears in mature and young palm trees as well as in the offshoots at their 

bases. 

External Symptoms 

The first sign of the disease noticeable to experienced observers appears 

on a palm frond of the middle crown. This frond takes on a leaden hue 

(ash-grey) and then withers in a very characteristic manner: some pinnae 

or spines situated on one side of the palm wither progressively from the 

base upward to the apex and approaching the leafstalk (rachis). After one 

side of the frond has been affected, the withering begins on the other, pro­

gressing this time in the opposite direction, from the top of the frond to the 

base, until the whole leaf is destroyed. 

During the whitening and dying process of the pinnae, a brown stain 
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appears lengthwise on the dorsal side of the rachis and advances from the 
base to the tip of the leaf, corresponding to the passage of mycelium in the 

vascular bundles of the rachis, Afterwards, the leaf exhibits a characteristic 

arch looking like a wet feather and hangs down along the trunk. This pro­

cess may take a few days to several weeks. 

The same succession of symptoms then begins to appear on adjacent 

fronds. As in the previous case, these symptoms may appear unilaterally or 
just in one sector of the frond; they may appear simultaneously on each leaf 

and the whole tree. In all cases, the disease advances progressively until the 

terminal bud is affected when the death of the tree occurs (Figs. 2 and 3). 

Finally, the offshoots at the base of the palm tree are also attacked. Here, 

too, the symptoms appear unilaterally. 

The death of the tree takes place from several weeks to several months 

after the appearance of the first symptoms. Indeed, the rather rapid pro­
gression of the symptoms depends largely on the planting conditions and on 

the variety. Toutain (57) demonstrated, on an active focus of Bayoud in 

Zagora, that 83% of affected date palms die in less than two years after the 

appearance of symptoms; and no tree lives for more than five years after 

the appearance of symptoms (Fig. 4 and Table 1). 

In certain cases, the external symptoms do not develop unilaterally, as 
previously (I I, 30-32, 44). Indeed, the disease sometimes manifests its first 

symptoms by the appearance of a brown stain in the middle of the rachis 

and not on the edge of the palm frond. 

The browning process continues up the rachis until the rachis becomes so 

narrow that all tissues are affected and the whole tip of the leaf whitens and 

dies. Then, the symptoms advance progressively from the tip of the palm 

leaf towards its base, affecting both sides simultaneously. 

Sometimes, certain palm leaves of a tree that is still healthy undergo a 

general yellowing several weeks before the appearance of typical 

symptoms. When the base of the rachis is split at this time, reddish spots of 

diseased tissue may be found. These atypical symptoms may be mainly 

attributed to the complicated arrangement of vascular elements in certain 

varieties. 
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Table I 

Percentage of trees dying at different times from the appearance 

of the first symptoms of Bayoud disease 

Period from Appearnace of 

First Symptoms of Bayoud till 

their death (Yrs) 

0.5 ( 6 months) 

I 

1.5 

2 

2.5 

3 

5 

Internal Symptoms 

Percentage of trees 

dying 

32 

46 

69 
83 
93 

98 
100 

The development of internal symptoms is followed by making transversal 

and lengthwise cuts in different organs of the palm tree, thus permitting the 

path of the fungus to be traced in diseased trees from the roots through the 

trunk to the leaves and terminal bud. 

When an affected tree is uprooted, only a reduced number of diseased 

roots, reddish in colour, are revealed. This number is not in proportion to 
the extent of damaged tissues observed on the tree. It is this fact which, 

un-noticed by the first observers, finally led to the conclusion that infection 

by the fungus does not take place through the roots. These diseased roots 
correspond to several groups of vascular bundles found on the trunk, which, 
with the scelerenchyma and the parenchyma which surround them, have 
taken on a reddish brown colour. 

Towards the base of the trunk, the spots are large and numerous. As they 

advance toward the upper parts the coloured conducting strands separate 

and one can follow their complicated path inside the healthy tissues (Figs. 5 

and 6). 
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This hypothesis of the progressive advancement of the disease from the 

roots to the palm crown has been confirmed (I I, 35, 44). 

Palm leaves manifesting external symptoms exhibit a reddish brown co­

Jour when cut, with vascular bundles that are highly coloured (Fig. 3). 

There is, therefore, a continuity of vascular symptoms that extends from 

the roots to the tips of the palm leaves. 

PATHOGEN 

The first precise descriptions of the fungus were done by Malen,on (38, 

39), Pereau-Leroy (44) and more recently completed by the works of Bulit 

et a!. (I I) and Louvet et a!. (24). 

The causal organism responsible for Bayoud is a microscopic fungus 

which belongs to the mycroflora of the soil. It belongs to the group Fungi 

lmperfecti, the Order Moniliales, the Family Tuberculariacae and, at the 

present time, is named Fusarium oxysporum forma specialis albedinis 
(Malencon) Snyd. and Hans. 

Macroscopic Characteristics 

The isolation, the characterisation, and the maintenance of the-Fusarium 
oxysporum f. sp. albedinis culture has been the subject of numerous studies 

(51). Although it is easy to obtain F. oxysporum f. sp. a/bedinis cultures 

from rachis fragments of palm leaves which exhibit vascular symptoms, it is 

very difficult to preserve the original type of colony (which is still called the 

wild type). Indeed, the wild form shows greatly unstable cultural cha­

racteristics under normal conditions and rapidly produces mutants. 

In culture Fusarium oxysporum f. sp. a/bedinis forms a fine, cleJJr and 

curly mycelium in which small orange-pink sporodochia are produced (Fig. 

7). Blue to black sclerotia sometimes are born in the medium. They are 

either dispersed in the mycelium or sometimes form groups. 

Microscopic Characteristics 

Fusarium ~x:ysporum f. sp. a/bedinis occurs as a septate hyaline myce­

lium. It is fine and uniform in young cultures, exhibiting, however. in older 

cultures hypertrophic cells that occur in chains; they are round, greatly 

resembling chlamydospores, but without thickening of the wall. 
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Asexual multiplication occurs by microphalides swollen at the base and 

pointed at the tip, arising perpendicularily from the mycelium. At the apical 

tip of these phialides, microconidia (microphialospores) form continuously 

and endogenetically, each one being pushed by the next and they adhere 
together in the form of small moist heads (Fig. 8). 

Great numbers of hyaline microconidia, varying in form and dimensions, 

can be found in the same culture (3-15 x 3-5 ~ ). In young cultures they are 
globulous, while in the older cultures they are more elongated. Microconi­

dia are often unicellular, sometimes bicellular but rarely have two septa. 

Macrophialides, larger than microphialides, group together to form spo­
rodochia and more rarely pionnotes (Fig. 8). 

In culture, Fusarium oxysporum f. sp. albedinis also produces a few 

macroconidia with pediform base and short, pointed tips; most have three 

septa, though some have four or five and measure 20-30 x 3-5 ~(Fig. 8). 

In older cultures, or in an agar medium covered over with earth, Fu­

sarium oxysporum f.sp. albedinis forms chlamydospores that are uniform 

and globulous, with a smooth thick wall varying from 6 to 20 II· They may 

be either intercalary or terminal and are isolated or grouped in two or four 

in short chains. They are formed either on the mycelium or from macro­

conidia (Fig. 8). 

Sclerotia are dark blue-black, measure about I mm in diameter and oc­

cur rarely. 

Physiologic Characteristics 

The physiology of Fusarium oxysporum f. sp. a/bedim's has been little 

studied. Malencon (25) determined the optimum temperature range for 

growth .Growth begins at 7°C, remains slow until l2°C, becomes more 

rapid between 21°C and 27.5°C and stops at 37°C. 

Lou vet and Bulit (28) reported the capacity of the fungus to use complex 
carbon sources and to develop in the presence of high concentrations of 

carbonic gas or pentachloronitrobenzene. 

Bounaga (7) found that the best mycelium growth occurs at 28°C. The 
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marked preference of Fusarium oxysporum f. sp. albedinis for pectin, 

mannose, xylose and cellulose was also noted and in addition to that or­

ganic nitrogenous sources are better metabolised than mineral nitrogen. 

The influence of sodium chloride was also studied and it was observed that 

there is no lessening of growth up to a concentration of 40 g/1. This obser­

vation is similar to Toutain's (59) who found that Bayoud advances. nor­

mally in salty fields. 

Dubost, Kechacha and Rether (16) also studied the pectinolytic and 

celluloytic enzymes of the fungus. These authors showed the important 

difference between the enzymatic activities of different isolates of Fusarium 

oxysporum f. sp. albedinis, but they did not establish a correlation between 

this activity and the pathogenic power of the fungus. 

Pathogenic Power 

On vascular tissues manifesting the brown colour that is characteristic of 

the disease, isolation often produces a pure culture of Fusarium )oxyspo­
rum f.sp. albedinis. (Fig 7). The special torm albedinis is recognised by the 

artificial innoculation of date palm seedlings. This study of several isolates 

of Fusarium oxysporum, originating !rom samples taken !rom ditlerent 

levels of the palm tree, has shown that the pathogenic power of the isolates 

depends on the part otlhe tree !rom which they have been taken (Table 2) 
(11). 

Thus, the more pathogenic an isolate is, the more likely it is to be found at 

a high level on the plam tree. This is comparable to results that Beckman et 

a!. ( 4) obtained on the fusariose of the banana tree. 

Although no research has been done on the parasitic specialisation of the 

fungus, the appearance of Bayoud in specific places (Draa Valley) and its 

geographic expansion into different date-growing zones of North Africa 

suggests that Fusarium oxysporum f. sp. albedinis is a unique isolate that is 

transported by human beings from one palm grove to another. This pa­

rasite, therefore, mani!ests the characteristics of a. special monotopic torm 

(29). 
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Table 2 

Pathogenic power of different strains of Fusarium oxysporum isolated 

at different levels of diseased palm trees. 

Pathogenic Power 

--- ----- ~~-----------·-··-·---~--

Level High Weak 
~--·-~ .. ··-------

Tips of rachis X 

Base of rachis X X 

Stipe (trunk) X X 

Roots X X 

BIOLOGY AND EPIDEMIOLOGY 

Survival, Infection and Disease Cycle 

Non-existent 

X 

X 

Like all vascular oganisms of telluric origin, Fusarium oxysporum f. sp. 

albedinis is preserved in the form of chlamydospores in the dead tissues of 

infected palm trees, especially in the roots of trees killed by it. With sub­

sequent disintigration of such tissues, the chlamydospores may be released 

into the soil where they remain in a dormant state. The fungus is found at a 

depth varying from 5 to 30 em, and sometimes deeper; it can be preserved 

for a long period of time, even when the palm trees have long since died 

(eight years or more). 

If nutrients reach the chlamydospores in sufficient quantity, the spore 

germinates and invades a root, entering the vascular tissues as a parasite. 

Once the pathogen is inside the vascular element, it grows rapidly and the 

mycelium advances up the root and into the stem. The mycelium produces 

microconidia in the vessels and these are carried upwards by the water 

stream. When their flow up the vessel is impeded by a cross wall, the mi­

croconidia germinate, the germ tubes penetrate the wall and then micro­

conidia formation is resumed on the other side of the wall. These new mi­

croconidia are in turn carried along to the next transverse wall in the 

same manner as that of the fusariose in the banana (4). This process thus 

continues upward, internally through the tree to its terminal bud, leading to 
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the death of the date palm. 

During the course of its upward progression, Fusarium oxysporum f. sp. 

aibedinis breaks out of the xylem and colonizes the surrounding 
parenchyma tissues of the tree by an inter-and intra-cellular mycelium 

which gives the tree the reddish brown colour that is characteristic of Ba­

youd. 

After the death of the date palm, the mycelium continues to develop in 

the parenchyma of the tree and forms numerous chlamydospores in the 

sclerenchyma cells. These constitute very favourable conditions for the 
survival of the fungus in the soil (27). 

Spread of Bayoud in Palm Groves. 

Little research has been done on the speed of Bayoud's advancement in a 

plantation. The best information comes from the experimental palm grove 

of Nebch at Zagora, Morocco (II, 57) and from the palm grove of In 

Salah in Algeria (9-10, 20, 23). 

Starting from a few affected trees (primary centres) Bayoud expands 

many foci; this is particularily visible in homogeneous plantations. Indeed, 

the contamination occurs regularily from tree to tree and more rapidly as 

the intensity of irrigation increases. In this case, the disease takes on an 

epidemic aspect; the number of affected trees increases rapidly and the life 

span of the diseased tree decreases. 

Thus, at Zagora, on a plot of land containing 125 palm trees of the su­

sceptible Bou Feggous variety, the progression of Bayoud occurred in the 
manner shown in table 3. (60). 

This primary infection, began in 1956, has destroyed the whole plan­

tation over a period of 14 years at the average rate of 6% per year. The 

intensive cultivation of palm groves, therefore, fosters the expansion of 

Bayoud. 
A high salt content of both soils and water (5 g/1) does not prevent or 

slow down the spread of Bayoud (59). 

Periods of drought, accompanied by lack of water, result in a regression 
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Table 3 

Evolution of Bayoud in Zagora Station (Morocco) 

Year Affected palm Percentage 
trees (No). 

1955 0 0 

1962 35 28 
1963 43 34 
1964 60 48 

1965 68 54 

1966 77 61 

1967 83 66 

1968 102 81 

1969 Ill 88 
1970 122 . 97 

of the disease which then becomes dormant. On the other hand, as soon as 
irrigation becomes significant and frequent, the disease reappears more 
violently and becomes gravely epidemic, particularily when there is a pre­
dominance of susceptible varieties. It thus seems that alternating dry and 
wet periods are favourable to an explosive expansion of the disease. This 
phenomenon has also been observed for other Fusarium diseases (12). 

Furthermore, according to Pereau-Leroy ( 44 ), certain intercrops such as 

lucerne, alfalfa Med/cago sativa, henna (Lawson/a inermls L.) vegetables, 
etc !oster strong attacks of Bayoud. The author thinks that this ellect is due 
to the in!luence of copious irrigation, indispensable to these crops during 
the hot season. A study by Laville and Lassois (23) shows that the 
direction of the advancement of the disease inthe Ain Salah palm grove is 
related to the dominant winds, irrigation and the salinity gradient. On the 
other hand, to date no work has been done to demonstrate the possible 
in!luence of nematodes on the spread of Bayoud. 

The appearance of foci that are rather far from the original focus is ess­
entially related to the transport of infected offshoots or palm tree fragments 
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harbouring the fungus. The consequences of the spread of Bayoud are 

particularity visible in Morocco. After the disappearance of a great number 

of the best varieties, presently in the Moroccan palm groves more than 50'1{, 

of the trees are of seedling origin - called Khalts, Sairs or Deguels. These 

Sairs are often of bad quality, meaning of low commercial value. 

Host Plants 

Many plants are often grown among date palms in the groves, notably 

alfalfa, henna, etc. To date, Fusarium oxysporum r. sp. albedinis 
has only been isolated from henna (Lawsonia inermia); indeed, the plant 

harbours the Bayoud organism without manifesting any symptoms 

(symptomless carrier ; 11, 26). More recently in France, Mercier and 

Louvet (40) also isolated the causal organism of Bayoud on Phoenix ca­

nariensis, another species of palm trees, which manifests the same 

symptoms as the vascular fusariose of the date palm trees. 

CONTROL, ORIENTATION & ORGANIZATION 

Due to Bayoud's epidemic, infectious and vascular nature, successful 

methods used to control oil palm fusariose and banana wilt can be used as a 

model in the control of Bayoud (52). Following is a review of the different 

methods advocated. 

Chemical Control 

A vascular disease is often thought to be controlled with the use of 

systemic fungicides. Unfortunately, repeated applications of these products 
lead to the creation of resistant strains of the parasite. There are various 

other reasons why soil treatments of this type are destined a priori to fail: 

the distribution of the chlamydospores of the fungus occurs at great"depths 

and over vast areas; the cost of the operation is very high; and, finally, 

protection of palm trees roots during the course of their life span is im­

possible.It would, consequently, be unwise to pursue this type of research, 
especially in oases that are ecologically fragile. 

Chemical control can, however, be feasible in the event of the discovery 

of primary sources of infection in a healthy area. In this case, large scale 

methods may be used for eradication: indeed,after demarcation with a large 
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enough security margin for the Bayoud focus, the trees are then uprooted 

and incinerated on the spot. The soil is then treated with chloropicrin and 

the closed off area prohibited for replanting until considered safe. 

Nevertheless, this method of eradication poses many problems:. 

An early diagnosis of the disease before the appearance of symptoms 

is necessary. 

Uprooting, incineration and soil treatment are expensive and difficult. 

Finally, the laws concerning this operation are not clear, notably 

concerning the modes of compensation for farmers. 

These obstacles have prevented an uprooting campaign at Ghardaia 

(Algeria). This lack of action has resulted in the contamination of the entire 

bank of this town (20). 

Cultural Control 

Certain cultural techniques which place pathogenic organisms m un­

favourable conditions sometimes reduce the damage caused by this disease. 

Unfortunately, the factors that favour a high yield in palm trees (irrigation, 

fertilizers etc.) are the very same as those that favour the growth of the 

parasite (24, 26, 44). 

A significant reduction in the amount of irrigation can retard the advance 

or infection; thus Pereau-Leroy (44) has tried to determine an irrigation 

schedule that would allow for the planting of susceptible varieties in an ac­

tive Bayoud focus. He concluded that stopping irrigation between the 

months of May and October (i.e. during the hot season) would allow for the 

extensive cultivation of susceptible varieties. Nevertheless, at the present 

time, this method of control does not seem to be too promising, because in 

such conditions the date yield is also very low. 

An interesting result was obtained in Morocco concerning the control of 

the spread of Bayoud. Disease-free trees were isolated by digging a trench 

more than 2 meters deep around them. Water was provided by a trough to 

the land plot. Under these conditions, Bayoud advanced on all sides, but 

stopped at the outer edge of the trench. It thus killed all the trees on the plot 

except those enclosed by the trench. This experiment carried out in Zagora 

171 



M. Djerbi 

indicates that contamination occurs mainly by root contact among 

diseased and healthy palms or else by planting of offshoots produced by 

infected palm trees. It also suggests that irrigation waters passing through 

an infested field do not seem to favour infection of other trees. Further 

studies of this phenomenon may assist in arresting the spread of Bayoud 

and in prolonging the productivity of palm plantings. 

If a Bayoud focus is detected in its early stages, this technique can be 

used to isolate the healthy palms and then sanitation measures may be put 

into effect in the infested area. 

Prophylactic Measures 

Some prophylactic measures are applicable to areas or countries which 
have not yet been infected by Bayoud. They have, however, no value for 

date - growing regions that are already infected by Bayoud, as is the case 

in Morocco. Considering the constant spread of Bayoud and the threat that 

the disease poses to the beautiful Oued Rhir palm groves, the cradle of the 

Deglet Noor variety, and to Tunisia, these areas should be seriously and 

constantly surveyed. 

The essential task is to prevent the movement of contaminated plant 

material from an infected palm grove to a healthy one. The material, as has 

been previously mentioned, consists mainly of offshoots, palm tree frag­

ments, manure and infested soil and artifacts made from these materials. 

Legislation preventing the conveyance of contaminated vegetative material 

from one country to another has been e.ffected by various countries. The 

USA, Tunisia, Mauritania and Iraq have adopted these quarantine mea­
sures and have been followed by other date - growing countries (Egypt, 

Libya, etc.). Algeria enacted quarantine legislation successively in 1942, 

1945, 1949 and 1969. 

However, the problem is not in promulgating legislation, but rather in 

enforcing it. The establishment of phytosanitary inspection agents at the 

entraces and exits of palm groves, especially in Algeria, would certainly 

prevent massive transportation of contaminated material. A minimal con­

trol system should also be set up in the airports of the principal date -
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growing countries. But unfortunately, these measures would necessitate a 

large number of qualified personnel, which are not yet available in areas 

threatened by Bayoud. 

Although Algerian officials have already taken strict prophylactic mea­

sures, Bayoud was not prevented from infecting Ghardaia. In any case, 

although prophylactic measures, accompanied by periodic eradication ef­

forts of primary Bayoud foci, can lessen the spread of the disease, they 

cannot definitively stop it. 

Extention Work and Information 

Information dissemination is necessary to the success of all other actions 

taken in the control of Bayoud. In order to be effective, means for stopping 

the spread of the disease must be accompanied by efficient information 

campaigns. 

Thus, in Algeria, a film on Bayoud is expected to be released in the near 

future. In addition, a technical booklet on this subject will be distributed in 

schools. 

In Tunisia, colour pictures of Bayoud, produced jointly by the National 

Institute of Agronomic Research in France and in Tunisia, were distributed 

in all departments of the Ministry of Agriculture and in the Saharan area. 

The Regional Project for Palm and Dates Research will put together a 

slide collection on Bayoud, as well as a book on this subject in Arabic, 

French and English, which will be distributed to all the member countries of 

the Project. In addition a film on Bayoud is scheduled to be released in 

1980. It will focus on date palms and will include the Bayoud problem as 

well as the biological control of Parlatoria date scale. 

Genetic Control 

Introduction: 

A review of other methods of control indicates that the only productive 

means of controlling Bayoud lies in continued research into resistant va­

rieties. This path is very promising, although it can be difficult and rather 

slow. Furthermore, if precautions are not taken, there is the possibility of 

producing new strains of Fusarium oxysporum f. sp. albediniswhich would 
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be capable of infecting varieties selected precisely for their resistance, as 

happened in the case of the vascular fusariose of the melon and the tomato. 

These plants have an annual cycle and sometimes even several cycles each 

year, which means they are frequently replanted in soil which contains a 

significant and active population of Fusarium oxysporum. Because con· 

ditions are completly different for the palm tree, it is likely that there will not 

be a change in the population of this parasite. Bayoud's appearance in an 

area of the Draa region and its spread to other date - growing zones of 

North Africa gives evidence in favour of a unique isolate of Fusarium 

oxvsporum f. sp. a/bedinis. 

Resistance can be obtained from three sources: 

Selection of Bayoud resistant varieties from those already existing 

(local and introduced). 
Selection of high quality resistant sairs from the natural population of 

the date palm. 
Creation of resistant and high quality varieties through a hybri· 

dization programme. 

Selection for Resistance to Bayoud Among Existing Varieties. 

The first search concerning varietal resistance was undertaken by 

Malencon (30), who was the first to plant offshoots at Ksar Es Souk 

(Morocco). During the course of a more detailed study, Pereau-Leroy (43-

44) was able to classify the principal Moroccan varietits into four catego­

ries according to their resistance to vascular fusariose in their original area. 

From 1963 to 1976, a systematic survey of Moroccan palm groves led to 

a knowledge of the distribution of female varieties resistant to Bayoud,(58). 

At the same time, experiments confirming resistance to Bayoud in naturally 

infested fields were performed at Zagora. The results of these experiments 

were published successively by Louvet eta/, 1970; Louvet and Toutain, 

1973; and Saaidi, 1979. This work is illustrated in Table 4, which shows the 

geographic distribution of the principal Moroccan varieties and their degree 

of resistance to Fusarium oxysporum f. sp. albedinis: six varieties are 

completely resistant (Black Bou Sthammi, lklane, Tadment, Sair Layalet, 

* Note: Sairs = Khalts = Deguels =date palms propagated from seeds. 
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Bou Feggous ou Moussa, and White Bou Sthammi}, while nine varieties are 

partially resistant. The same authors mention that the susceptibility of a 

variety can be ascertained in three years, while resistance requires at least 

five years. 

In Tidikelt (Algeria), Toutain and Louvet (58) planted offshoots of the 

principal Algerian varieties reputed to be resistant. From these experiments, 
they were able to contlrm the resistance of the Takerbouch 

variety. The resistance of the different varieties of M'zab (Algeria) with 

regard to Bayoud was studied by Kada and Dubost (20). Unfortunately, 

among these Moroccan and Algerian varieties, only Takerboucht and Bou 

Ijjou were of acceptable quality although certainly not equal to Deglet 

Nour or Medjoo!. 

Within the framework of the Regional Project for Palm and Dates 

Research, the principal high quality varieties of various date-growing re­

gions of the world (USA, Iraq, Tunisia, etc.) will be introduced into Mo­

rocco and Algeria. The Project's aim is to study their performance with 

regard to Fusarium oxysporum f. sp. albedinis (13). The offshoots of these 

different varieties will be placed in nurseries; their resistance to susceptibi­

lity will then be confirmed by experimental inoculations. 

Selection of High-quality & Resistant Sairs Among the Natural Po­

pulations of Date Palms. 

In the course of work dealing with the epidemiological study of the disease 

and the search for resistant varieties, very high quality sairs were often 

found in active Bayoud foci. Subsequent surveys (l) indicated that sairs 

constitute more than 50% of the Moroccan palm groves i.e. more than 2 

million trees (Table 5). 
The prominence of these sairs in Morocco is explained by the fact that 

when Bayoud has destroyed the best date varieties farmers have allowed 

date palm seeds to grow in places where henna*(Lawsonia inermis) and 

alfalfa are growing. Henna and alfalfa, which are copiously irrigated during 

the whole year often occupy the soil for four to six years. These factors 

* a tinctorial plant that grows in abundance in the date growing regions of 
North Africa and the Middle East. 
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have allowed the development of palm trees of seedling origin or sairs. 

In I Y79-~ I, advantage of this genetic potential was taken by systematic 

surveys in the principal Moroccan Palm groves (14). During the ma­

turation period of dates (limited to the months of September, October and 
Novemeber during which the quality of dates on the tree is at its peak), two 

groups of ten teams conducted surveys in the Draa Valley and the Talilalet 
region. Each team was composed of a technician, a guide, a driver and a 

Land rover. Because of the considerable demands of this campaign, close 

collaboration was established between the Saharan Agronomic Research 

Center (Morocco) and the Development Offices of the South (Ouarzazate 

and Errachidia) in order that the operation would be successful. 

The criteria for the selection of sairs are based mainly on the quality of 

the dates and their location in relation to the Bayoud focus. Each date 

sample was judged for quality by comparing it to a variety of similar qua· 

lity. The judging was done on a scale of one to five, with the reference va­

riety rated three. 

The criteria used to judge date quality were the following: shape of the 

fruit, the weight of 100 fruits, colour, aspect of skin, consistency of date, 

texture, flavour, etc. Other information was also marked on each sair card. 

such as the characteristics of the palm tree (age, production, etc)., the 

number and size of available offshoots, as well as a precise map showing 

the location of the sairs. 

Thus, during the campaigns in the Draa Valley and the Tatilalet region, 
about 7000 good quality sairs were discovered. In the second step of the 

experiment (Feb. - March 19~0-81) 4000 high quality offshoots were se· 

parated and planted m nurseries in infested lields at Zagora and Errachi· 

dia. The otlShoots are undergoing semi-artiticial inoculation since 1981 in 

order to contirm their resistance to Bayoud 

The search in palm groves for resistant and good-quality sairs seems to 

be the quickest way to resolve the Bayoud problem. This program, begun in 

1979, will almost certainly by 1984-1985 yield resistant and high quality 
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clones that can be vegetatively reproduced in order to restore the Bayoud­

infested palm groves of Morocco and Algeria, as well as create new date­

growing areas. 

Creation of Resistant & High Quality Varieties. 

Contrary to the preceding approach, the creation of new, high quality 

varieties that are resistant to Bayoud is a delicate operation. Indeed, the 

dioecious nature and the great heterozygosity of the date palm, as well as 

the lack of information available on the genetics of this tree leave this me­

thod of research largely open to chance. 

Nevertheless, the abundance of good quality sairs in the regions where 
the best varieties have predominated and the frequency of these sairs in 

active Bayoud foci suggest that quality and resistance are not only 

transmissable, but can also be combined in an individual tree. Furthermore 

Nixon and Furr (41) studied the inheritability of some characteristics of 

progenies of Old World varieties and found a significant resemblance to 

female parents in vegetative and fruit characteristics. This approach has 

been applied in Algeria and in Morocco (26); it has been further developed 

in Morocco in 1979 with the establishment of a phytoculture chamber in 

Marrakesh in order to test Fusarium oxysporum f. sp. albedinis seedling 
progenies. 

The Center for Saharan Agronomy of Marrakesh, aware of the slowness 

of this method, in 1972 began different types of crosses using female 

parents belonging to varieties selected either for their resistance to Bayoud 

or for their high quality dates. The male parents used were chosen from a 

group of individual trees selected for their resistance or from backc~ossed 
"varietal" male palms (USA origin). More than 300 crosses were effected 

which produced nearly one-half million hybrid seeds. This large number of 

crosses will bring to light new information on the genetics of the date palms, 

particularity on the transmission of Bayoud resistance and date-fruit qua­

lity. 

The seedling progenies are inoculated at the appearance of one to two 
leaves. This stage is particularly important to the success of artificial in­

fection, Indeed, many authors, (4, 17, 47) have shown that the passage of 
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the Fusarium oxysporum f. sp. albedlnls microconidia into the vessels of 

the seedling progeny is closely linked to the disappearance of the transver­

sal wall. Vascular ontogenesis in the date palm (Nlendi, 197 5) demonstrates 

that the ligneous vessels lose their transversal septa 48 days after the seed­

ling date: this corresponds to the one or two leaf stage of the seedlings and 

explains the success of the inoculations during this period. 

Progenies of crosses are produced in series of 5000 at a time and include 

the four combinations previously mentioned. The inoculum is obtained th­

rough a shaken culture. The experimental inoculations are carried out in the 

following manner. The surrounding earth is removed from the collar and 

adventitious roots of plants having reached the one-and-a-half leaf stage. 

After being rinsed in tap water, they are treated with 2 mi. spore solution of 

approximately 106 spores/ml concentration. The first symptoms appear 

after 45 days and the maximal mortality is reached only after the fourth 
month. 

In 1979, approximately 17,000 seedling progenies of the four types 

previously mentioned were inoculated. This allowed the selection of more 

than 9,000 resistant plants with an average percentage of attack on the 

order of 42%. Five thousand of these Bayoud resistant date progenies were 

placed in a nursery in naturally infested ground. The planting of date pro­

genies in nurseries will take place at the rate of 10,000 resistant plants per 

year. 

During 1980, however, concentration will be on the breeding pro­

gramme, essentially with the aim of linking resistant characteristics with the 

highest fruit quality and yield: 

High quality 3, susceptible female X Bayoud resistant male. 

Bayoud-resistant female X advanced backcrossed "varietal" males 

from Indio (USA). 

3. By high quality female varieties, is meant the Algerio-Tunisian variety De­
glet Nour; Menakher (Tunisia); Thoory and Tadala (Algeria); Medjool and 
Bou-Feggous (Morocco); Saidy (Egypt); Makhtoom, Khastawy, 
Khadrawy, Halawy, Dayri and Barhee (Iraq). 
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In addition to these main categories of crosses, other combinations will 

be made in small numbers in order to complete the cross-breeding pro­

gramme and to allow a precise study of the Bayoud -resistance mechanism 

in the date palm. Similar work will be pursued in Algeria. 

CONCLUSION & FUTURE PROSPECTS FOR THE CONTROL OF 
BAYOUD. 

The palm tree plays an important role in the ecology, economy and so­

ciology of the Saharan environment; this tree is, in fact, irreplaceable in ir­

rigable desert lands. Because of the considerable damage that Bayoud has 

caused in Moroccan, and Algerian palm groves and the threat that it con­

stitutes to other countries, the disease has become the greatest enemy to 

date-growing regions of the world. 

As previously mentioned, the biological characteristics of Fusarium 

oxysporum f. sp. albedinis. and of its host make any type of successful 

chemical control unlikely. Furthermore, the projected prophylactic mea­

sures will never control Bayoud; they will only temporarily retard the 

spread of this disease. Genetic control remains the only solution to this 

problem. Table 6 summarizes the different approaches undertaken as sol­

utions: 

The first solution, leading to short-term (within 5 years) results. consists 

of studying the date palm population existing in contaminated zones in 

order to select resistant varieties of good quality. This genetic potential will 

be complemented by the introduction of the world's best varieties which will 

then be tested for Bayoud resistance. Following the afore - men!ioned 

steps, this course of action will reach completion in 1984-85, with very 

promising results. 

The second approach, giving medium to long-term results (within 5-12 

years) consists of creating resistant and superior cultivars through a 

hybridization programme. It is expected that this research work carried out 

according to the phases mentioned in Table 6 may yield good results bet­

ween the years 1984 and 1988. 

There remains, however, the problem of propagation of selected cui-
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tivars. Indeed, the release of a resistant cultivar and its planting on a mass 

scale demands in turn the availability of large numbers of offshoots. It is 

obvious that the natural production of offshoots by palm trees is very slow 

and insufficient to fulfil the demand for offshoots in all areas damaged by 

Bayoud disease. 

The improvement of the technique of rooting light-weight offshoots in 

greenhouses equipped with "mist systems" will help to accelerate, at least 

slightly, the technique of vegetative propagation 47. Nevertheless, this 

course of action does not solve the need for large number of otlshoots. 

The solution to the problem lies in the perfection of a method of date 

palm tissue culture. Several laboratories throughout the world are working 

on this subject and they have obtained encouraging results. Those of the 

laboratories of Indio (USA) and (Angers) France are particularity 

interesting (46, 53). Indeed, these authors have succeeded in obtaining 

young date palms !rom in!lorescences or trom meristematic tissues (Figs. 

10,11 and 12). Once this method is perfected, intlnite numbers of high­

quality, Bayoud .. resistant date palms will be obtained from these clones. 

Thus, not only will it be possible to rehabilitate the Moroccan and Al­

gerian palm groves that have been destroyed by Bayoud, but it will also be 

possible to reconstitute the palm groves presently threatened by Bayoud, as 

well as to create new date-growing areas with the help of high-quality, re­

sistant varieties. 
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Figure 8: Micro and macroconidia produced by micro and ma­
crophialides and chlamydospores of Fusarium oxyspo­
rum f. sp. albedinis. 



Figure 9: Spread of Bayoud in homogenous plantation of Bou 
Feggous variety (Morocco). 

Figure 10: Proliferation of buds from meristematic tissues of date· 
palm offshoot. 
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ABSTRACT 

The water use of full-grown date palms and the appropriate irrigation 
scheduling for Central Iraq was studied. A field with 20 year-old Mak­
toom, Braim, Barhee and Sayer varieties intercropped with 5-year-old ci­
trus trees and 8 x 8m spacing was selected. Preliminary results obtained 
in 1980 showed that the total net water use of full-grown date palms in 
central Iraq was of the order of 18,000m 3fha/yr. The monthly crop coef­
ficients (Kc) with respect to potential or reference crop evapo-transpiration 
ranged !rom 0.75 to 1.00, with a seasonal average of 0.85. The seasonal 
ratio of date palm water use to Class A pan evaporation was 0.56. For the 
levee soil of Zafaraniah with a water table depth fluctuating between 3.5 
and 4.0m below ground level, the total water used was apportioned as 
follows: about 12,000ml/ha from irrigation, 5,000ml/ha !rom water table 
and l,OOOml/ha !rom rain. 70 to 74% of date palm feeder roots were lo­
cated in the top 120 em of soil. Capillary rise from the water table atrected 
most of the soil pro tile below· I OOcm from the surface. The recommended 
irrigation scheduling is 10 irrigations per year. Two irrigations per month 
should be given in June, July and August; monthly irrigations are suflicient 

during May, September and October. Finally, only one irrigation is needed 
throughout the entire period (November-April). Differential irrigation 

practised on these four varieties showed that poor irrigation and water 

stress significantly depressed leaf elongation and reduced truit size and 
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weight. In areas planted with date palms, Class A evaporation was reduced 
to about half the level usual in open lields. This decreased evaporation, 
produced a favourable micro-climate for young intercropped citrus trees 
that tolearate extended irrigation intervals. 
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INTRODUCTION 

The number of date palms in the world is about 93 million. 78% of this 

total is in the Arab countries with Iraq alone having 37%. Although these 

figures have changed in the last few years, date palms remain of major 

importance in the Near East and North African Region. 

There is a lack of data on the water use of the date palm in Iraq and in 

the Near East region. World literature on the subject is also limited. 

The purpose of the present experiment is to establish the water use of 

fully grown date palms and to recommend the appropriate irrigation 

scheduling for Central Iraq. 

The methodology followed allows extrapolation of the results to other 

regions in Iraq, as well as neighbouring countries. The work is a joint ven­

ture between two FAO Regional Projects namely the Date Palm Project 

(REM 021), the Land and Water Use Project (REM 508) and Zafaraniah 

Station. 
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MATERIALS AND METHODS 

A field with four varieties of full-grown (20 years old) date palms 

(Maktoom, Barhee, Braim and Sayer) intercropped with 5 year old citrus 

trees was selected at Zafaraniah station, 19 km S.E. of Baghdad. Palm 
spacing is 8 x 8m. The layout of the experiment is shown in Fig. I. 

Two rows of nine palms for each variety were included in the experiment 

except for Maktoom where only one row was available. Three irrigation 

treatments were applied to six trees of each variety (three in the case of 

Maktoom). All palms received equal amount of a mineral fertilizer (7kg of 

compound 15,15,15) given in two applications with deep irrigation each 

time in early March and May, respectively. 

The irrigation treatments are based on the concept that date palm water 

use (ET-Date) can be related to potential or reference crop evapotranspir­

ation (ETO) by the simple equation: 

ET Date = Kc x ETo (i) 

Where, Kc= Monthly crop coefficient as estimated by one of the four me­

thods described in the FAO Irrigation and Drainage Paper (4). The Class A 

pan method was selected for its simplicity and convenience, thus: 

ETo = Kp x Eo (ii) 

Where Kp = Monthly pan coefficient, and 

Eo = Class A evaporation 

Selection of the proper pan coefficient for a given crop and month is to 

some extent standardized in the paper mentioned. Crop coefficients (Kc) 
are available for many crops including trees and for ranges of conditions 

but not for idate-palms in Iraq. They have to be established experimentally. 

Date palm is known to be water-stress and salt tolerant but responsive to 

good irrigation. Three levels of water use rates were assumed using relation 

(i) and the following coefficients: 

a) Kc 1=0.2 (for strong stress) 

b) Kc 2=0.5 (for intermediate stress) 

c) Kc 3=0.8 (for non-stress) 
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Three irrigation schedulings were calculated on the basis of 75% de­

pletion of available moisture in the top lOOcm soil depth. Below the top 

meter there was evidence of capillary rise from a water table. This meant 

practically 4 irrigations for the Kc 1 treatment, 7 for the Kc 2 and 9 for the 

Kc 3 as shown below: 
Table 1 

Number of irrigations for the three treatments 
Treatment March May June July Aug Sept. Oct. Total 

Kc
1 

Kc 2 
Kc 3 2 

I 

2 

4 

7 
9 

Water was pumped from the Diala River in most cases. Only on few 

occasions water was pumped from the Tigris River. 

A net water application of 150 mm was given each time to individual 

trees. Basins 6m in diameter and 30cm ridge height surrounded each tree. 

An earth ditch between two tree rows supplied water to trees on both sides 

through 3 or 4 inch PVC segments. Water height in the ditch was controlled 

by portable check-dams with rectangular opening for overflow. Water 

depth in the basins had to reach the exact depth as checked by small por­

table metal indicators. The time required for tilling each basin was about 
15 minutes. 

Soil moisture monitoring was carried out in three basins of each treat­

ment. The set-up is shown in Fig.2. 

Gypsum blocks were placed at 40, 80 and 120cm depth and neutron 

probe access tubes down to 175cm. Tensiometers at 60, 90 and 120 em 

depth were placed in wetter treatments (Kc 2 and Kc :Y· For the young citrus 

trees, tensiometers and gypsum blocks were placed at 30 em depth. 

Evaporation data were obtained from Wahda agrometeorological station 

(SOLR •) 15 km south of the experimental site. In addition, a screened Class 

A pan was located inside the date orchard to reflect the microclimate af· 

feeling evaporation from the soil surface and evapotranspiration from ci­

trus below date trees. 

Unfortunately. the neutron probe was received only in early September. 

* State Organization !Or Land Reclamation. 
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Thus direct measurement of water use by the probe was limited to two ir­

rigation cycles in the medium and non-stress treatments. Most of the C.U. 
data were derived from gypsum blocks the calibration of which was 

checked (Fig. 3 ). Zafaraniah Orchard is on levee soil. 

The soil texture and soil moisture retention curves were determined for 

two sites in the orchard down to 150cm. Observations of the soil profile and 

root distribution down to 180cm were carried out at 4 meters distance trom 

tree trunks. On the other hand, root density was measured by soil augering 

down to 2 meters at mid-distance between the trunk and the dripline for 

three date-palms<*>. Details are given in Annex 1. 

An observation well installed in September down to 4 meters showed a 

water table depth at 3.70m. 

The following plant parameters were measured: leaf elongation, total 

yield, fruit size and weight: 

Leqf elongation was measured by attatching one end of a long twine 

to a newly emerging leaf and checking its upward movement at fixed 

intervals from the comparative position of the lower end of the twine 

with reference to a fixed nail driven into the palm trunk. 

Yield was recorded per palm at the time of harvest at «Rutab>> stage. 

Fruit size was measured by the use of caliper. Both length and width 

wise readings were taken. 

Fruit weight Average fruit weight in grams for 50 fruits was recorded 

to determine the influence of water stress. 

RESULTS AND DISCUSSIONS 

Water Use of Date Palm and Irrigation Scheduling 

During the common irrigation period, the water use in late March 

and in May was on the average 4.0mm/day and the ratio to Class A 

pan evaporation was 0.35. 

(*) The contribution of Dr. Namik Rashid from the Agric. and Water Research 
Centre is acknowledged. 
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As differential irrigation started in early June, in the stress treat­

ment, the rate of water use from the top soil meter was in the order of 

4rnm/day during July and part of August. It decreased to about 

!.Smm/day in September and less in October. The trees survived by 

water uptake from the capillary fringe in the deeper layers. Neutron 

probe data and direct observations in a deep trench showed increas­

ing moisture below l20cm to reach about field capacity at l.80m 

depth. The water table, as mentioned before, was at 3. ?Om from the 

surface. In June and July Cl.A evaporation reached its maximum of 

l7mm/day. June rates were exceptionally high in 1980. Some plant 

control ot' transpiration might have occurred explaining the relatively 
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lowr.r ratio of water use to evaporation. Actually, the rate of leaf 
elongation was markedly reduced in June. An additional irrigation in 
June would have helped the plant to cope better with the increase in 

evaporation demand. 

In both the intermediate and non-stress treatments, water use in­

creased between June and July to about 5.5mm/day. It increased 
further between July and August to about 7.0mm/day in the non­
stress treatment which had received an additional irrigation on July 
18th. In September, and specially October . the evaporative demand 

decreased significantly. As a result, the date palm water use de­

creased to about 4mm/day. 

The ratio of date palm water use from the top soil meter to Class 

A evaporation for the three irrigation treatments are given below. The 
average for the period of May to October was 0.34 and 0.40 for the 
intermediate and non-stress treatments, respectively. 

Table 2 

Ratios of date palm water use from the top soil meter 

to Class A evaporation 

Treatments 

Month Stress Intermediate Non-stress 
May 0.35 0.35 0.35 
June 0.21 0.25 0.25• 

July 0.26 0.26 0.34 
August 0.26 0.30 0.45 
September 0.13 0.39 0.43 
October 0.05 0.39 0.43 --
Average 0.22 0.32 0.38 

These figures do not include the uptake from the capillary water prevail-

* The June ratio of date palm use to CI.A is considered too low and will be replaced by 0.35 
(see section on leaf elongatton) 
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ing below 120cm. This statement is based on the fact that ;practically little if 
any change in moisture was detected by the neutron probe ti·om the soil 

depth below !OOcm. Little extraction took place from the layer 95-l!Scm 
since on one hand the surface irrigation did not reach this depth and on the 

other hand the capillary fringe did not supply adequate moisture from the 
water talbe (located about 470cm below the soil surface). Data from neu­
tron probe, gypsum blocks and tensiometers confirmed the availablity of 
water at and below 120cm due to capillary rise from a water table. 

To fmd the water use from all the soil profile down to 240cm., ratios of 
table 2 should be corrected to include the estimated water use from the 
capillary fringe. The correction is based on considerations of the root dis­
tribution of full-grown date trees as reported by Pillsbury (9-10), 
Armstrong and Purr (2) and as confirmed by some observations and mea­

surements. It has been reported that 50% of the water taken up by the palm 
is extracted from the top 0-60cm layer, 30% from the 60-120cm layer, 15% 
from the 120-180 em layer and finally 5% from the 180-240 em layer. 
Thus, about 30% moisture extraction would occur between 1 OOcm and 
180cm soil depth. This figure is used in Table 3 to find ET Date/Cl.A for 
the non-stress irrigation treatment. The ratios to Cl.A of water use from the 

root zone down to 180 em are given in the following table. 

Table 3 

Ratios of date water use from the effective root zone to Class A 
and crop coefficient (Kc ). 

Ratios May 
ET Date/Cl.AO.SO 
Kp• 0.68 

Kc 0.74 

June 
0.50 

0.63 
0.79 

July 
0.49 
0.63 

0.78 

August Sept. Oct. Average 
0.64 0.61 0.61 0.558 
0.63 0.68 0.68 0.655 
O.Ql 0.90 0.90 0.853 

* - Monthly pan coefficients (Kp) take into account pan environment, monthly wind and relative 
humidity conditions. 

These preliminary results show that Kc ranges from 0. 7 5 to 1.00 and on 
the average: 
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ET Date Palm.= 0.853 ETo (iii) 

or ET Date Palm = 0.558 Class A (iv) 

Toutain (13) used Kc values of0.75 for date palms in the Central Sahara. 

More complete results are to be expected in 1981 and 1982 as: 

1. Neutron measurements will hopefully cover the whole irrigation per­

iod, 

2. Quantative assessment o!' root depth down to 240 em will be com­

pleted, 

3. Complete records of the water table fluctuations will be made, 

4. Yield response data to differential irrigation will be more meaningful, 

and 

5. Agrometeorological data will be generated at Zafaraniah Station it­

self. 

The calculated potential evapotransipiration (ETo) is 2140mm for 1980 

at Wahda Station, 15km south ofZafaraniah. Based on relation (iii) date­

palm water use is 1825 mm (Fig.4 ). 

This total net water use and its sources would be approximately as foll­

ows: 

From Irrigation 

From Rain 

From Water Table: 

Total 

12000 - 13000m 3(ha 

750 - 1250 

4500 - 5500 

I 7250 - 197 50m 1/ha 

The recommended number of irrigations for Zafaraniah would be I 0 per 

year with 130mm as net application each time. The first irrigation 'Should 

wet the soil profile at least to 120cm depth. 

In Coachella Valley (California), the C. U. of Deglet No or is reported as 

6ft/year or I8300m 3/ha (11). Furr & Armstrong (6) found consumptive 

use of Khadrawi palms at Indio (California) to be about 5ft/year or 

15,200m3/ha. Application of 6, 10 or 14 feet per year did not cause sig­

nificant differences in growth and yields(?). 

In an arid region where evaporation from a Class A pan is about 
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3500mm/year, Reuveni (12) and others estimated that the water re­

quirement of Deglet Noor palm is between 150 and 200m 3(tree per year or 

between 18,525 and 24,700m3(ha. Our CI.A evaporation is 3200 mm i.e. 

about 10% lower. 

Furr (5) estimated the annual consumptive use of water by dates in 

Abadan Island as 24000m 3(ha using Blaney-Criddle formula and a <<K>> 

coefficient of 1.2 derived from work in the U.S.A. He also increased his 

estimate by 20% to 28,800 m 3/ha <<because of the possible effect of strong 

winds of long duration». 

In the absence of water table contribution this net water need in central 

Iraq would be 1700mm or 17 ,OOOm 3/ha. The irrigation requirement ass­

uming 70% irrigation efficiency becomes 24300m 3(ha. By achieving good 

uniformity of water distribution a good deal of salt leaching would take 

place with the unavoidable deep percolation losses. 

With a shallower water table the irrigation requirement will be less and 

will depend on the magnitude of the capillary rise or fringe and the fraction 

of the roots benefitting from it. The wetting depth should be limited to the 

soil not affected by the capillary rise. 

This could be assessed by soil moisture monitoring or by visual obser­

vations of a soil trench in the orchard. Assessment of the root distribution 

remains essential to make the necessary adjustments for each case. 

Citrus intercropped with date palms 

Under date palms, citrus benetit ti·om shading, li'om reduced wind ve-

locities and ti'om reduced evaporative demand. • 

For the period April to December, the evaporative demand under the 

canopy of date-palms was found to be reduced to about half its level in 

open fields (Fig. 5). Toutain (13) reported 26% to 30% decrease in Co­

lorado pan evaporation (when located inside a date orchard with respect 

to open field location) under 30% and 50% canopy cover, respectively. In 

our case the canopy cover was higher (;;;, 70%) reducing further the 

evaporation demand below-canopy. The average ratio of full-grown citrus 

water use to CI.A pan in the coastal area of Lebanon is 0.67 Cl.A (14). The 

212 



,. .g ] ~ -
~
 

.§ ~
 

.;, 
- .:; .§ 
.,;: • 8 

18 

16 

[4
 

12 

~10 
~
 

6 6 
8 6 

4 2 

0 

C
L

.A
 

under date palm
 (Z

afaraniah) 

J 
F

 
M

 
A

 
M

 
J 

J 
A

 
s 

c 0 
N

 
D

 

F
ig.5. C

l. A
 evaporation in open field &

 under date palm
s, 

C
entral Iraq, 

1980. 

~
 

C
') 
~
 

N
 

c-,..;_
_

 



A. Abou-Khaled eta/ 

rates of water use for citrus in both open fields and for citrus inside the 

date palm orchards should be further assessed in Iraq. While citrus trees 

benefit, without doubt, from the favourable micro-climate created by the 

date palms, competition for water and nutrient occurs in the top 60cm soil 

layer. Irrigation scheduling to meetthe requirements of both types of trees 

should be attempted. 

At present only some comments could be made: 

Citrus roots are much shallower than those of date palms and therefore 

did not benefit from the capillary fringe of the water table 3. 70m deep. It 

has been reported that some 80% of the total moisture extraction by citrus 

takes place from the top 60cm of soil. 

Depletion of 50% available moisture in this depth represents some 53mm 
for Zafaraniah soils. The corresponding irrigation intervals during the peak 

water use (June, July and August) will be from 10 to 14 days. Indeed severe 

water stress symptoms developed on the young citrus trees under Kc 1 and 

Kc 2 treatments which had to be irrigated independently at a certain stage to 

alleviate increasing stress. Tensiometers actually run off scale ( ;;, 85 

centibars) for 60 days and 80 days under the Kc 2 and Kc 1 treatments dur­
ing the period April to September, I 980. Citrus trees were in much better 

shape under the Kc 3 treatment where soil moisture suction at 30cm re­
mained in general in the tensiometer range during the peak water demand 

(Fig. 6). 

Date palms response to irrigation treatments 

(i) Leaf elongation 

Leaf elongation was taken as a criterion of vegetative growth. It is a 

sensitive index of appreciable water deficits. 

The average leaf elongation for the various irrigation treatments during 
the period April to September are given in the following table: 

214 



90 ~ 
80 ' 

"" 
I 

70 
0 
.t; 

] 
60 

c.n 
~ 
'-' 

"" 
50 

~
 

"' 
--~
 

c 
r:: 

40 
ffi 

-~ 

-~ 
-

u 
30 

~
 

! c 
"-

20 

I 
~
 

0 

"' 
10 

0 

Z
afaraniah, Iraq, 1980 

---1 

tl 
., 

·
-
-
-
-
-
~
 

-
-
-
~
-
1
.
 

I 
L 

I 
I 

A
P

R
IL

 
M

A
Y

 
JU

N
E

 
JU

L
Y

 
A

U
G

. 

F
ig.6. Soil m

oisture tension at 30cm
. depth in root zone o

f citrus inter­
cropped w

ith 
date palm

s . 

I!)
 

~
 

N
 

c
...;_

 



A. Abou·Khaled eta/ 

Table 4 

Seasonal elongation rates of date palm leaves for different varieties 

and irrigation treatments 

Stress Intermediate Non-Stress 

Varieties (Kc 1) (Kc 2) (Kc Kc Kc 
em day em day em/day 

Maktoom 1.80 1.85 2.30 1.28 

Barbee 1.66 1.90 2.16 1.30 
Braim 1.31 1.31 1.75 1.33 
Sayer 1.29 1.38 1.41 1.09 

For three varieties out of four the increase in leaf elongation averaged 

30% in the non-stress (Kc ~ with respect to the stress treatment (Kc 1). The 
increase was less (3-14%) in the intermediate treatment (Kc zl· Even under 

the so-called non-stress treatment (Kc 
3 

) there was depression in leaf 
elongation in June corresponding to the highest C !.A evaporation rates in 

1980 (Fig. 7). Pillsbury (10) showed leaf elongation rate to increase from 

April to mid-July and to decrease sharply afterwards. Shifting his mea­

surements to new center leaves, high leaf elongation rates were found again 

for August and September. The rate of elongation of emerging leaves has 
been used also by Aldrich (1). In our case the same leaves were used th­

roughout the year. A single irrigation in June proved to be inadequate. It 
should be emphasized that stress and stress relief was limited to a fr.action 

of the root system for two reasons: 

(a) The capillary fringe supplying water to the roots below 120cm. 

(b) The controlled irrigation wetting about IOOcm soil depth over 50% of 

the surface area available per tree. 

In 1981 the diameter of the individual basins will be increased and 

another water application will be given in June. In the literature leaf elon­

gation rates from 2 to 4 em/day have been reported for new emerging 

leaves of Deglet Noor(l). 
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In the non-stress treatment (Kc ~, the percent available moisture before 
irrigation, as measured by gypsum blocks, was down to 30% and 40% at 

40cm depth, 65% at 80cm and 95% at 1 20cm (Fig.8). 

In the intermediate treatment (Kc 2), the percent available moisture was 

down to I 0% at 40cm, 50% at 80cm and 90% at 120cm. 

In the stress treatment (Kc 1), the percent available moisture was prac­
tically nil at 40cm but still about 90% at 120cm. (Fig. 8a). 

Root observations showed the bulk of the root system to be in the top 
120cm, with roots extending down to 180cm and more. Moisture from the 

capillary fringe was visible and increased progressively from the 120cm to 

the 180cm layers. This also was confirmed by the neutron probe mea­

surements (Fig.9& 1 0). 

(ii) Fruit Quality 

Fruit weight increased 21% and 47% in the Kc 2 and Kc 3 treatments, 

respectively i.e. with relief of the severe stress. Similarily, fruit length in­

creased from 5% to 13% and fruitdiameterfrom 8% to 18% Details are 

shown in Table 5. 

Early work by Aldrich (I) showed the effects of soil moisture deficiency 

upon Deglet Noor fruit. Varietal differences of stress and non-stress ir­

rigation treatments will be assessed further in 1981 and 1982. 
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Date Palm Irrigation ill Centra/Iraq 

(iii) Total yield 

Total date palm yield is conditioned not only by water management in a 

given year but also by several other management factors as well as by the 

<<previous history>> of the tree. The effect of irrigation on reproductive 

growth (number of fruit bunches) is likely to be more visible in 1981. It is 

known that water deficit in late August and early September results in 

fewer inflorescences in the following year. 

Alternation in production, fruit dropping, incidence of insects (namely, 

Parlatoria\date scale and dubas bug) were reflected in the large yield 

deviations of the date palms under the same irrigation treatment. In the 

stress treatment (Kc 1) for instance one Braim palm gave an exceptionally 

high yield (210kg) while in the non-stress treatments two Barbee palms 

gave low yields (50-60kg/tree). 

With these exceptions there was a trend for better yields in the interme­

diate and non-stress treatments with respect to the severe stress (Kc 1). 

The following table gives the yield and the number of fruit bunches. 
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Date Palm Irrigation in Centra/Iraq 

In addition to the effect on the average yield of 3 to 6 trees per variety, 

the yield response of individual trees to improved water management will 

have to be assessed in the two coming years. 

In Table 7, averages for all varieties of leaf elongation rates, fruit length 

and diameter are expressed in percent of the stress irrigation treatment. 

Table 7 

Effects of Irrigation Scheduling on Date Palms Growth and Fruit Size. 

Zafaraniah, 1980 

No. of Leaf Fruit Fruit Fruit 

Treatment lrrig. elongation weight length diameter 
. -·-"-------------- ---- .... ---·-------

Severe stress 4 100% 100% 100% 100% 
Medium stress 7 118 123 108 110 

Non-stress 9 125 145 114 123 

Soil salinity and water quality 

It is worth recalling that water stress increases with salt accumulation in 

the root zone. However, date palm is salt tolerant and can produce 90% of 

its potential yield with water having an EC of 4.5 mmhos/cm and when the 

soil saturation extract (EC.,) is 6.8mmhos/cm(3). Although Dial a river 
water is of less good quality than that of the Tigris, its use is not likely to be 

a constraint for date palm growth on a levee soil. 

Toutain (13) estimated as 10% the leaching requirements for irrigation 

waters containing 2.5 to 3g/l (2.2 mmhos/cm) i.e. for water of poorer 

quality than that we used. 

CONCLUSION 

An irrigation experiment was conducted in 1980 at Zafaraniah Station, 

20km south of Baghdad, to determine the water use (ET Date) and crop 

coefficient (Kc) of fullgrown date palms as well as the response of four 

known varieties to three irrigation schedulings. 

The relation used is: ET Date= Kc ETo is reference crop evapotraspir-
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ation, an improved estimate of potential evapotranspiration. ET Date was 

measured during six months mainly by gypsum blocks supported by some 

neutron probe, tensiometer and root measurements. ETo was calculated by 
the Class A method as described by Doorenbos and Pruitt (4) using data of 

an agrometeorological station 15 km south of the experimental site. 

The experiment included sixty one palms divided into three blocks, each 

one receiving a different irrigation schedule assuming Kc 1=0.20, 

Kc 2=0.50 and Kc 3=0.80. Controlled irrigation was applied to each tree 
individually. These schedules were intended to produce severe water stress 

(Kc 1), non-stress (Kc} and intermediate moisture conditions (Kc y in the 
top meter of soil. The date palm orchard is on levee soil having a water 

table between 3.70 and 3.90 m with a capillary rise affecting the rootzone 

below 1.0 or !.20m. 

Results obtained in 1980 are summarized as follows: 

I. Class A pan evaporation and ETo are 3200 and 2140mm, respec­

tively. 

2. Neutron probe, tensiometer and gypsum block readings showed little 

if any moisture change below one meter depth, yet roots were ob­

served down to 2.0 meters. World literature, our observations and 

some direct measurements showed about 80% of the active roots to 

occur in the top !.20m. Lateral root expansion reached 3.5 to 4.0m 

from the date-palm trunks. 

3. In the so-called <<non-stress>> (Kc}> treatment, ratios of date-palm 

water use, from the top soil meter, to Cl.A pan evaporation ranged 

from 0.34 to 0.45 with a seasonal average of 0.39 (or a Kc=0.605). 

These figures do not take into account water uptake from the ca­

pillary rise. They however, reflect a yearly water need of 

13000m 3fha for Zafaraniah. Rainfall contribution (I 30mm in 1980) 

is about IOOOm 3fha. The remaining 12000m 3fha have to be provided 

by irrigation. 

4. The peak monthly date palm water use from the top meter of soil was 

about 7mm/day. It occurred in July and August. In June, water use as 
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well as leaf elongation rates were depressed as monthly Class A 

evaporation was exceptionally high (17 mm/day instead of 

13mm/day) therefore the pre-set schedule became inadequate. 

5. The crop coefficient should account for the date palm water use from 

the entire effective root zone i.e. should also include the estimated 

contribution from the water table. Thus monthly Kc would range 

from 0.75 to 1.00 with a seasonal average of0.835, i.e. ET Date,palm 

= 0.853 ETo. The total net water use becomes 18250m3/ha/year 

divided as follows: 

12000 to 13000 m 3 /ha from irrigation, 

750 to 1250 m3/ha from rain, and 

4500 to 5500 m 3fha from water table. 

6. For Zafaraniah soils (silty to clay loam), the available moisture for the 

top !.20m depth is about 185mm. Depletion of two thirds the 

available moisture would require about two weeks during the peak 

water use period of June, July and August .The total number of ir­

rigations is ten. The recommended irrigation schedule is the follow­

ing: 

Total No of 
J F M A M J Jly A S 0 N D Irrigations 
-------------
1 0 0 0 I 2 2 2 I I 0 0 10 

The net application required is 120mm each time except for the 
autumn and winter period (October to April) where two deeper ir­

rigations, 180mm each, would be preferable. 

7. The above irrigation schedule (Kc3 treatment) gave, as a matter of 
fact, the best results in 1980 although one irrigation was missed in 

June. 

for three varieties out of the four the increase in the leaf elon­

gation averaged 30% in the non stress (Kc ~ with respect to the 

stress (Kc 1) treatment with four irrigations per year. In the 

intermediate treatment (Kc ~with seven irrigations the increase 
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was less (3-14%). 

fruit weight increased 21% and 4 7% in the Kc 2 and Kc 
3 

treatments, respectively with respect to Kc r 

fruit length increased from 5% to 13% and fruit diameter from 

8% to 18%. 

varietal differences in response to improved irrigation schedul­

ing were shown as well as trends to increased total yields. Large 

deviations of yield within treatments were observed as a result 

of past history of the trees i.e. occurrence of alternation in 

production, incidence of pests, fruit droppings, etc .. It is re­

cognized that soil water stress or non-stress. conditions in 1980 

affect the number of inflorescences i.e. of fruit bunches in 19 81. 

Therefore the experiment will continue for another two years to 

support or improve these preliminary results. 

8. For the period April to December, Class A pan evaporation under 

date-palms was found to be reduced to about half its level in open 

fields. The full-grown date-palms spaced 8 x Bm had a canopy cover 

exceeding 70%. Young citrus trees intercropped with the date-palms 
benefitted from this favourable microclimate which reduced signifi­

cantly their water demand .Citrus in the Kc 
3 

block (9 irrigations per 

year) experienced stress in May and June 1980 when soil moisture 

tension at 30 em depth exceeded 85 centibars (about 50% moisture 

depletion) for a total period of 3 weeks. One or two additional ir­

rigations were required during this period. 
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A. Abou-Khaled e/ a/ 

Annex I 

A - Soil Characteristics 

The date-palm orchard of Zafaraniah is on levee soil. Some obser­

vations and measurements of the soil characteristics are given below. 

I. Profile description 

Observations made* at the end of the irrigation season (Nov. 1980) are 

given below: 

0-15 em: prismatic structure, silty clay, very dry 

15-45 em: silty clay, more clay, more compact, very dry 

45-75 em: silty clay, no structure, higher% of silt 

75-150 em: silty clay, friable to very friable, little mottling (colors due 

to water table effect). At 120cm laminar structure, (thin 

plates) wetter friable soil. 

150-160 em: 'more clay, clay lenses, reddish color. 

160-180 em: heavy silty clay, roots of various sizes still are observed. 

2. Mechanical analysis 

Soil samples taken at three selected depths gave the following results: 

Depth %Sand % Silt %Cia~ Texture 

50 em 13.4 40.6 46.0 Silty clay 
100 em 23.9 46.1 30.0 Clay loam 
150 em 16.4 31.6 52.0 Clay 

3. Moisture retention 

The field capacity (0.3 atmosphere value) for soil samples taken at 35, 

50, 100 and 150 em depth is 28.54% with a standard deviation of 1.27. The 

permanent wilting point is 17.18± 1.26. The bulk density increases with 
depth from 1.31 to !.59 from the surface down to 180cm. The available 

moisture is about 160mm per meter of soil depth. 

* Dr Dhari Al-Hardan 
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Date Palm Irrigarion in Cemral Iraq 

B - Date- palm roots 

Soil layer Dry weight Moisture Extraction Feeder Roots 
(l) (2) (3) (4) 

em % % % 5 ft" 15ft* 
0-60 51.6 52 50 23.2-27.8% 

60-120 28.5 34 30 32 8-25.9 
120 180 19.9 11 15 27.1-26.5 
180-240 -- 3 5 5.6-5.0 

(i) Narnik Rashid, 1980. (Personal comrrnnication). 
(2) Pillsbury, 1937. 

(3) Pillsbury, 1938. 

(4) Purr and Armstrong, 1956 (•distance from trunks). 
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STAIN TESTIN() OF DATE POLLEN VIABILITY 

Q.A. AL-TAHE.R & .M. l; ASW 

Collef?r/ -Of Aj.:ricz~Uure;-, kl;rg: Fal''sat: {frl'itiersityl Saudi-A rGbia 

,ABSTRACT 

Determined the effectiveness and reliability of five staining agents as in­

dicators of viability of date palm (Phoenix dactylifera L.) pollen. Results 

were correlated with the in vitro germination of pollen. Cotrehit!on coeffi­

cients between pollen staining percentage and germination percentage for 

Iodine -- Potassium iodide, Aniline blue, Nitro blue tetrazolium, and 

2,3,5-triphenyl tetrazolium chloride were low and insignificant. However, 

the coefficient of correlation for 3 (4 - 5 - dimethyl-thiazolyl ~· 2) 2,5 -

diphenyl tetrazolium bromide was positive and significant and it offers· a 

better estimate of viability of date pollen. 
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ABSTRACT 

Bracon hebetor (Say) (Habrobracon jug!andis Ashme~d) has been stu­

died in the laboratory at different simulated field temperatures. Develop­

ment time from egg to adult was 9.8 & 7.5 days at 25°C and 30°C, respec­

tively. However, a temperature of 25°C seemed to be more favourable in 

terms of percentage of adult emergence, fecundity, egg hatchability. and 

longevity. In cold storage (2 -- 5°C) females did not lay eggs. At truncated 

temperatures (2 - soc and 30''C) all biological activities seemed to be 

unatrected. Fecundity and egg hatchability were almost normal. Under 

such conditions maximum female life-span was prolonged to 6H days. 

Three to four days old pupae have been stored for 60 days at 2 - 5"C 

without severe consequences on the percentage of adult emergence. Low 

temperature was shown to be detrimental tor eggs, larvae, and 1 to 2 day 

old pupae. It is theretore, evident that Bracon hebetor could survive the 

winter in Iraq as adult and late pupae. 

Before embarking on a sterile-insect technique to control the fig moth 

Ephestiacaute!la (Walker), which is a serious pest of ripe date fruits and 

other foodstuffs, it might be advisable to rear B. hebetor in the laboratory 

and to increase the density of this wasp by releasing or distributing the 

more resistant-to-cold stages (adults and 3 to 4-day-old pupae) in certain 

atrected areas. 
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M.S. H. Ahmed er al 
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Bracon hebeto.r (S.ay) (Hymenoptera). 
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EjJecl ofTempera/ures 011 Bracon hebetor 

.. , __ .,. 

· ·INTRODUCTION 

'Before embarking dn apesicdnttbl' program·oy'steiili.in~~ct·rele~se the 

.·natural popillaticir\' cW that insect should be reduced to a Ininiinum {il).'the 

most efficient pest control system is• tire one for which we can apply at least 

two different methods (I 0). It is also· clear that the use of insecticides for 

lowering the density of insect population may cause more problems than it 

solyes (7). Also, the release of an. efficient p~<~site.that could des\roy a high 
pe~centage of the immature stage~ with the simult.~n.eous release of a sterile ... -.:: ; -,, ,._ '•. : .. '- -· ,, •·. . . _, ··;··· ).• ' 

insect to compete with the reduced population might prove a more_ effective 
· and desirable ·combination than using insecticides {8). · 

It has previously'been coiii:!Jcledthat the steiile'ins~ci technique might be 
•. effective in·contrdllingthe fig mothEphestia cautella (Walker) through ra­

diation .induced complete ·or. inherited partial sterility (1,2, 4'6).• Ahmed et 

a/. (I) reported that the biotic potentil)lof.Qracon, .:llebetor (Say) (Habro­
bracon juglandis Ashmead) was greater than that of Ephestia caute/la. In 

this respect, data ()fa more reteht fleld sur~ey showed that the aclult~ of E. 
· cimtella .t;ould be found more oi less all around the year, butit~ population 

· density is apparently under 'tontinu'ouscheck by this parasitid'wasp' (3). 

Therefore,. it might be possible to use this parasite to decrease the natllral 
•population of the fig moth to a minimum sothat the contfolbr eradication of 

•• this insect could •be feasible by a sterile-insectteleaseprogram,The first step 

towards achieving this goal is to study the biology of the parasite'and to find 
the best,.rnethqds of rear,ing it. unqer .variqus sitnulated f'ieJd ,conditions. 

•J ' 

'The present study cdncerris some aspects ofthe life l{ist~ry and' bi:ology 
of this parasitic wasp reared and stored at different te'mperatures.··• ·" 

MATERIALS AND METHODS 
_;':;:.' ''• ,, ' ,'_' .::: ,,,-::''' 

. Brqcon hebeto(:. (Say} was continu_ously ;reared. in theclabor-atoryclo •pro­

.. vide a sutnc.ient n}iQlber.of insects. for the•pr.esentstudjr.•Adultswere fed bn 

. small pi~cesof date fruit,or provided .with: a piece. of cotton:wool soaked in 

. )(!0(<). suq!Jse., solutiql),, The. immAture Gl<!rval) stages. were Teare.d .on 

.paraly.s~.d,Ephestia c;qulfl/a)ast iJ1star;lar,v1le. All males, used i.n,thc present 

experiments were progeny of virgin mothers to insure they were not sterile 
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nocular ITIIL;Iv"""'-'y~· 

IJY giving t\1c!T\ ~PC~&S to one larva Of bpnesttu c~····· 

Emphasis in the current investigation is put on the effect of different 
temperatures on various developmental stages. Three main topics have 

been studied: ~ 

I -- The effect of two different temperatures (25°C and 30°C) on th(! 

development of Bracon wasps from eggs to adults. 

2 The effect of cold storage on pupae (2°Q 5°Q), on actult Qmorgenco, 

3 -- Adult emergence. egg hatch~pili\y. ami longevity of B.hebelor adults 
have been studied ~t three ~iff0rent t~•mperatures (2·5°C, 25°C, and 

3Q°C) anq at truncated temp\!ra\ures 2.5oc end Jooc (approximately 

10-15 qay& in m!d storage fp,lloweq by ~-5 days at 30°C. and so on). 

RESULTS ANP D!SCUS~IQN 

Temperature in!luenced th!" development of immature stages and the 

biology of Bracon hebe/or adults in diffNGnt ways, The development per­

iods from egg to adult were 9.8 ± 0. 70 and 7.5 ± 0,88 days at 25°C and 

30°C, respectively (Table 1), T!1us. the optimum temperature for 
development is 30°C which is somewhat in agreement with Martin (II). 

On the other hand, percentage of adult emergence, fecundity, ~gg luncha­

bility. anctlongnity ofthe wesp seemcq to b(ll~rger at 25°C than at 30°C 
(Table 2). Th~ number of eggs per female was !T\O!'e at 25°C (average. 81.3) 

than at 30°C (average. 55.3). The maxim~m number laid per female was 

272 eggs at 25°C, and 117 (lggs ijt 30°C. Females lived somewhat longer . . -
than rnales in both eases. 

Ar\ult n1ales stored at 2 -- 5°C lived somewhat longer. bwt females did 

not lay eggs (Table 2). When wasps, which were held at 2 ~ 5°C, were 

transferred to 30°C at certain intervals, all biological activities of the adult 

Bracon appeared to be almost unaffected, fecundity and egg hatchability 

were near normal. Life-span of both male and female was apparently longer 

. than that of adults which were held at other temperatures (Table 2). At 
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these truncated temperatures females lived for an avuu.,. -

(maximum 68 days) and males for 20.2 days (maximum 33 days). 

l"lal@ in Tatll~ ~ sho,ws !hilt P4p~e pf Bmcp,~ hebetor ciln Pi:' stor~q fo,r a 
Jon~ p~rio<:j ill 2-5°C when they are 3 to 4 days old. At this age the or­

ganism ha~ almPst completed the gifferentiation of various organs so that a 

complete adult can be seen through the partially transparent cocoon. These 

pupae could withstand a very long period of storage (2 months) and when 

they were transferred to 30°C, adults emerged without significant losses 

(37.5%). However, when pupae were I to 2 - days -old, the effect of 

~pjg slllril~-e w~s quite detrimental after a short period (I 0 - 30 days). 

Eggs ilnfl li!f\'ile hr:l9 ift 2 - soc for more than i 0 days were completely 
killed. 

It is interesting to mention (hat 11!1 the te!llperatures used in these ex­

periments lie within the range 0f the fluctuating temperatures in Iraq. The 

lowest one in this study was shown to be detrimental for eggs, larvae and I 

to 2 di!Y old pupae. HPwever, it proved to be least harmful to late pupae or 

adults. 

It Is, ther@fQre, evi4~nt from this §!YdY that all ]Jracon hebetor immature 

stages are killed by cold and only iiclults and late pup;~e might survive the 

winter in Iraq. Consequently, the biotic potential (12) could be suppressed 

and limited ~hiring the cold season because of low fecundity of the adult 

females and natun>l mort11lity of early st11ges of this Qenefi~ial Panlsitic in­
sect, 

It mi~ht be then ac!visi!ble tp re11r this insect in the llJlmratory and to 

increase the density of more resistant - tP-cPld s(age& (&q~lt and 3 to 4-

day-old pupae) by rel~&sinj! or distrib4ting them in certain llffected places 

with Ephf~tla ca~Jt?l/a, Thus, it may be pPS§ible to clisn~p! the existing 
natural parasite-host (!Jn:mm - /i:phestia) balance by increasing perio­

dically the population cjensity of this parasitic wasp. 

243 



"'.
 

""' ""' 

,,
 

cc
T

ab
le

 

T
he

 '.e
ff

ee
t 

o
f 

t"
'o

 di
ff~

rer
it 

te
m

pe
ra

:tu
re

.S
 on

 th
e 

de
ve

io
pm

en
t 

. 
. 

, 
o

f 
B

i.a
co

n 
1J

eb
~t

or
 e

gg
s 

t~
 a

du
lt

s 
... 

Te~
pe~

at~
res

 
<c

 
25

 
3

0
 i 

N
{,

. 
o

f 
eg

gs
 o

B
se

rv
ed

 · 
. 

11
3 

!5
.9

 

•
· 

t·
 !v

al~
e 
be

tw
~e

nt
he

 tw
o 
m~

an
s 

=
 

23
.9

7,
 P

 <
 0

.0
01

. 
',

 
' 

'
'
 

...
. 

···
-

.. 

D
ev

el
op

m
en

t:
j>

er
io

dc
fr

om
 e

gg
 

,::
 to

 a
du

lt
 i

n 
da

ys
 ±

 S
.D

 .. 
··, 

9.
8•

 
±

 0. 7
0 

7
.5

• 
±

 0
.8

8 

··
;;

 

" ~ "' :..
 [ !!.
 !C
 



N
 .,. CJ
I 

'
"
 "

-\
,,C

t-
','

}.
\'J

C
':'

X
!.

):
; 

'.<
r:

'•
J.

\'0
:)

:'/
:"

" 

, 
T

ab
le

 2
 

A
du

lt
 e

m
er

ge
nc

e,
 f

ec
un

di
ty

; 
eg

g 
1\

at
<:

h.
ib

ili
ty

, 
an

d 
lo

ng
ev

it
y 

o
fB

ra
c
o

n
 h

eb
et

or
 h

el
d 

at
 v

ar
io

us
 t

em
pe

ra
tu

re
s.

 

T
em

pe
ra

-
N

o
. 

o
f 

lu
re

 
pa

ir
s 

oc
 

ob
se

rv
ed

 

2
-

5 
11

 
25

 
21

 

30
 

19
 

[2
° 

5
°
] 

&
 

4
*

*
*

 

30
° 

A
du

lt
 l

on
ge

vi
ty

,. 

av
er

ag
e 

no
. 

o
f'

 

d
ay

s 
+

 S
:D

. 

T
ot

al
 N

o
. 

o
f 

eg
gs

 

.la
id

 

A
ve

ra
ge

 

no
. 

o
f 

eg
gs

/ 

F
em

al
e 

' 
M

al
e 

-' 
+

 S
.D

. 

19
.4

 
±

 13
.9

. 
21

.5
 
±

 !
1.

3*
 

19
.6

 ±
 !2

.8
 

6.
8 

±
 3

.8
 

. 
~
 

-
. 

. 
-

+
 

.. · 
' 

14
.6

 ~
• 

7.
1 

6.
~.

 
±

 4.
5 

48
.2

 ±
 23

.0
*.

 
20

,2
 .±

 8
._8

* 
;__

---:
_ 

,_
, 

0 17
08

 
1

0
5

1
 

•2
35

 

. 
81

.3
 
±

 7
0.

9 

55
.3

 ±
 3

5.
7 

58
.8

 ±
 2

5.
2 

%
 

la
rv

ae
**

 

82
.5

 
77

.2
 

69
.8

 

o/o
 :.

 
-%

 

pu
pa

e*
*:

:a
du

lt
s*

 * 
c·

· 

72
.3

 
61

.4
 

70
.9

 
50

.5
 

59
.4

 
53

.6
 

* 
T

he
se

 
av

er
ag

es
 a

re
 s

ig
ni

fi
ca

nt
ly

 d
if

fe
re

nt
 f

ro
m

 t
h;

se
 o

f 
th

e 
ia

m
e 
c~

lu
mn

 b
y 

us
in

g 
t 

-
te

st
 a

na
ly

si
s 

be
tw

ee
n 

th
em

 a
t 

. 
. 

-
-

. 
' 

. 

p 
<

 0
.0

5.
 

**
 

P
er

ce
nt

ag
es

 o
f 

ea
ch

 c
oll

(~n
 a

re
 n

ot
 s

i'g
nif

ica
~tl

y d
if

fe
re

nt
 w
h~

n 
us

iry
g 

C
hi

 -
sq

ua
re

 t
es

t 
at

 P
 <

 0
.0

5.
 

* *
 * 

T
he

se
 a

du
lts

 w
er

e 
he

ld
:a

t 
2 

-
5°

C:
 f

or
 1

0 
~ 

.1
5 

'd
ay

s,
 th

en
 t

ra
ns

fe
rr

ed
 t,

; 3
0"

C
 f

or
 2

 -
5 

da
ys

, a
nd

 a
ga

in
 t

o 
2 

-
5

°C
 , 

an
d 

so
 

-
. 

---
.
.
 

on
 ..

. 

§i
 \1 .g,
 

:;?
 

~ ~ a 0 ~
 "' ~ "" t ' 









Date Palm J 1 (2): 249- 273 
Published 1982 

DISINFESTATION OF COMMERCIALLY PACKED DATES, 

ZAHDI VARIETY, BY IONIZING RADIATION* 

M.S.H. AHMED, Z.S. AL-HAKKAK I, S.R. ALI, A.A. KADHUM, 

I.A. HASSAN, S.K. AL-MALIKY, A.A. HAMEED. 

Agriculture & Biology Department, Nuclear Research Centre 
Tuwaitha, Baghdad, Iraq. 

M.R.H. AL-AIALI, AJ. SALMAN. 

Packing House, Baghdad Branch, Iraqi Dates Administration, Baghdad, Iraq. 

ABSTRACT 

Disinfestation of packed dry dates, Zahdi variety in standard cartons, 

such as are used in the industry was studied by using gamma radiation or 
methyl bromide fumigation. The dose distribution of radiation from 
Gammabeam- 650 facility with a 6<(:;o source was calculated and the best 

feasible uniformity ratio (=1.4) was followed where the average absorbed 
dose of 15 points was 75.65 ± 8.03 krad. 

The results of examination indicated that a complete disinfestation was 

achieved in both methyl bromide - and radiation - treated boxes when 
stored for 25 d. The live insects found in the irradiated dates were geneti-

cally sterile and developmentally inactive. While on longer periods of sto­

rage (55 or 80 d), live, active and fertile insects have been found in the 

treated as well as untreated (control) boxes indicating reinfestation cases. 

On the basis of the present results, the parameters of measuring the in­
duction of full sterility and incapability of immature stages to develop, 
could easily be utilised as methods for scientifically sound quarantine 

measures as far as radiation disinfestation of foodstuffs is concerned. Also, 

insect - proof packages, which are possibly impermeable to chemical fu­
migation, should be tried in future disinfestation of dates by using gamma 

radiation. 

* This work is part of IAEA Iraq Research Agreement No. 2lJIH/CF. 
l - Present address ·- SRC, Biological Research Centre, Adhamiya, Baghdad, Iraq 
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Disinfestation of Dates by Radiation 
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.~1 
INTRODUCTION 

Date production in Iraq is approximately 350,000 tons per year (19). 

Despite the large numbers of date varieties, there are only four main va­

rieties, viz. Zahdi, Sayer, Hillawi, and Khadhrawi, which account for about 
95% of production, and comprise almost 80% or"the annual export of dry 
dates from Iraq (19). Dry dates of all varieties are commonly attacked by 
more than 12 insect species belonging to the Coleoptera and Lepidoptera 
(18 - 19). Previous studies indicate that by far the most serious insect spe­
cies of stored dates in Iraq are the fig moth, .Z,phestia cautel/a, and the saw­
toothed grain beetle, Oryzaeplzilus surinamensis (1, 4, 18, 19). Therefore, 
the experiments reported here have been concentrated on investigations 
concerning the effect of different doses of gamma radiation on these two 
species. They are good representatives of all species related to the two major 
orders from the point of view of their response to ionizing radiation in 
general ( 1, 5). 

Based on our results obtained previously (8, 14), and in the light of the 

recent recommendations of the Joint Expert Committee on Food lrradi-
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ation (JECFI) on the acceptability of food (dry date included) preserved by 

using an overall average dose of 10 kGy (I Mrad) of gamma radiation from 
6lCo source as well as from some other sources and electrons of a certain 

maximum energy level(3, 17, 20),it is, therefore, anticipated that dry date 
disinfestation by ionizing radiation may, sooner or later, be preferred to 
conventional chemical methods. Accordingly, we believe that the scale of 

our experiments should be increased to cover a large quantity of packed 
dates in order to simulate treatment under commercial conditions. There 
should also be an emphasis on packaging materials that could prevent 

reinfestation. In addition, these contemplated pilot - scale experiments 
should compare the effectiveness of irradiation with chemical fumigation 
and extending over different periods of storage. Presently such studies are 

made possible by the availability of a suitable food irradiation facility 
(Canadian type Gammabeam - 650, with a 6lCo source with an initial 

strength of 16630 curies (September 1978) and provided with 6 turntables), 

which has been recently installed at the Nuclear Research Centre (13). 

Therefore the main objectives of the present investigation are: 

(!) To study the dose distribution of gamma radiation in standard 
commerically important dry date (Zahdi variety) packages. 

(2) To compare the effectiveness of disinfestation by an acceptable dose 
of radiation with that by methyl bromide fumigation of dry date on a 
pilot - scale, taking into account mainly the two above - mentioned 
damaging insect species. 

MATERIALS AND METHODS 
Dosimetry and Treatment of Packed Dates: 

Dry date packaging was carried out according to the most advanced me­
thods available and undertaken by Baghdad Packing House (I <n. Seven 
Standard Carton Boxes (SCB) (approxiate dimensions of each: 48.5 x 31 

x 19 em) with 70 kg of naturally infested dry date were used. These single 

walled SCBs meet the construction requirements of the uniform freight 

classification (NMFC). Each one holds 40 cellophane sealed lunch boxes 
(window cartons) each one of which is filled with about 250 g of loose dry 
date, Zahdi variety (Fig. I). 

After completion of packaging processes, usually done shortly before 
exportation, the seven SCBs were then subjected to the following treat­
ments: 
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(a) One SCB, with 10 kg packed date in 40 small lunch boxes was used 
solely for dosimetrical calculations (Fig. 2, 3) at 15 equally distri­

buted points on 3 levels using Fricke dosimetry. 

(b) Two SCBs with 80 full lunch boxes were irradiated with appropriate 
disinfestation dose of gamma radiation (Fig. 4). 

(c) Two similar standard boxes were treated with methyl bromide fu­
migation according to the instructions mentioned in the earlier 

researches (18, 19), at the rate of approximately 1.5 pounds per 1000 

ft 3 and were inadvertantly left for 48 hours instead of the usual 24 

hours before removing them out of the fumigation chamber. 

(d) Two untreated SCBs full of dates were kept alongside as controls. 
All boxes then were placed on stands (Fig. 5) in a room which is used for 

rearing the insect stocks, and maintained at about 25 ± 2°C and 40- 60% 
relative humidity. Date fruits from about 4 or more lunch boxes taken out 
of each SCB were examined accurately (Fig. 6) every 25,55, and 80 days 
after treatment, respectively, and live insects at any stage recorded. 

Development and Genetic Tests: 

Due to the fact that reasonable doses of ionising radiation have a delayed 
effect on insect killing (8, 16, 21), it was thought advisable to measure the 

development capability of the immature stages and to assess the fertility of 

adult insects collected after various periods of storage of both treated and 

untreated packages of dates. The following three categories of tests have 

been adopted: 

(i) When Ephestia caute/la adults were found, they were mated to females 
of'A' mating type or males of'B' mating type to avoid the possiblity 
of any incompatible crosses (10,11). Then fertility, i.e. percentage of 

egg hatch, was counted. Adults of 01yzaephi/us surinamensis, were 
usually left to breed and their progeny or longevity observed. 

(ii) Other immature stages of both the species were left to develop on 
natural food. 

(iii) BraconJhebetor adults: According to Whiting (22) there are nine all­

eles of a particular X gene in this wasp. The presence of a single allele 
in haploid condition produces fertile males when the unfertilized eggs 
divided asexually. Parthenogenesis phenomena have been utilized to 

measure the absence or presence of females among the progeny of 
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wasps found in packed dates by crossing them to individuals of the 

opposite sex from a laboratory strain in order to know whether the 

collected wasp was fertile or sterile. 

RESULTS AND DISCUSSIONS 

Dosimetrical Calculations 

Figures 7 - I 0 illustrate the dosimetrical calculations using Fricke do­
simetry that measures the absorbed dose. Dose rate measurements were 
done by placing a standard carton box (SCB), containing dry dates packed 
in 40 lunch boxes, on one of the six turntables available in our Gamma 

beam - 650. The figures show the dose rate calculations at uniformly 

distributed points at 3 levels inside the SCB which was placed vertically 
(Fig. 2 -- 4) on a turntable (40.5 em dia.) of the irradiator. 

Two kinds of dose - rate measurements have been carried out: 

(a) When the turntable was rotating at a speed of 3 rev/min and the mi­

nimum and maximum dose rates registered were 551.36 and 759.49 

rad/min, respectively, and the average and its standard deviations 

were 680 ± 72 rad/min for the 15 - points measured inside the SCB 
(Fig. 3,7). Consequently the recommended disinfestation dose for 
such date packages was obtained only after a continuous irradiation 
for about 111.2 min at the time of measurements. This resulted in a 
minimum dose of 61.31 krad and a maximum of 84.45 krad. Thus the 
dose uniformity ratio was equal to 1.4, and the average of 15 points 
was 75.65 ± 8.03 krad (Fig. 8). Such a dose range lies within the 
technically recommended ranges of the well studied and the inter­

nationally accepted doses for the dry date disinfestation by ionizing 
radiation (3, 8, 14 - !5, 17, 20). 

(b) Irradiation by placing one SCB on a stationary turntable g!J.Ve the 

following results (Figs. 9, 10): 

Average dose= 638.95 ± 261.51 rad/min 

or 

69.64 ± 28.50 krad/111.2 min 

U . . . 116.99 3 3 mformtty ratto = ~-.-- = . 

35.88 
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Such a maximum to minimum ratio is scientifically unacceptable as far 
as insect control is concerned, especially where lepidopteran species are the 
pests involved, on account of their peculiar high radio - resistance (6, 7). 

Therefore, the irradiation of the packages used in the present experiments 
was carried out for 1 I 1.2 min and according to the specifications described 
in (a). 

Disinfestation of Date Packages: 

The results of the examination of treated or untreated date packages are 
summarized in Table I, where 24 79 date fruits in 78 lunch boxes have been 

carefully examined after the three different periods of storage. When sto­
rage duration was 25 d, the occurrence of the various live stages of the in­
sects per 100 dates was 7. 7 in the control, 0.0 in methyl bromide fumigated 
dates, and 9.6 in the radiation treated batch. On testing the adult insects 
collected from the control or radiated dates for development activities or 

genetic effects, it was found that a male adult of Ephestia/cautel!afrom the 
irradiated batch failed to mate, while adults of the control mated normally 
and resulted in normal fecundity and fertility, as shown in Table 2. Two live 
E.lcautel/alarvae collected from an irradiated batch died at this very stage, 
10 and 31 d post- irradiation, respectively. Also, adults of 0. surinamensis 
collected from irradiated dates did not reproduce and died after a short 
period of time ( Table 3 ), while those of the control reproduced and lived 
for a much longer period. 

The progeny of 6 Bra con hebe tor males detected in the irradiated dates, 
when mated with laboratory virgin females were devoid of females and 
comprised of males only as a result of asexually developed haploid unferti­

lized eggs (22); on the other hand, the progeny of a laboratory stock con­
tained more than 20% females (Table 4). It is therefore, concluded that af­
ter 25 d of storage the irradiated packages contained only sterile adults of 
inactive (developmental) stages of insects which ended up in a complete 
mortality within a reasonable period of time after treatment. However, 55 
or 80 d of storage resulted in a completely different picture as live insects 
have been found in the fumigated as well as irradiated and, of course, con­
trol batches. It is interesting to mention that all insects, captured after such 
barely prolonged storage periods, were fertile and active, as shown in Ta­
bles 3 - 7, indicating highly probable reinfestation cases. This could be 

attributed to the type of packaging material which is usually imperfectly 
hermetically sealed in order to allow for the entry of fumigant during 
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methyl bromide fumigation. Surprisingly, it was noticed that irradiated 

batches were somewhat less reinfested in comparison with the fumigated 

ones (Table 1). Such observations may be worthy of full investigation in the 
future to determine the role of irradiation in apparently providing partial 

protection against reinfestation (16). On the other hand, the rate of infes­

tation in the untreated control increased from the initial 7. 7 percent, 25 d 
after treatment, to approximately 9 - and hundredfold when stored for 55 
or 80 d, respectively, as shown in Table I. Tables 2-5 show that all the 
simple genetic and developmental observations conducted on the insects 
found in control batches throughout the whole three periods of storage 
showed them to be fully fertile and normally active, i.e. immature stages 
developed to the next stages and easily passed through metamorphosis. 

On the basis of the results achieved in the present study, the parameters of 

measuring the induction of full sterility and incapability of immature stages 
to develop, could easily be utilized as identitlcation methods for scientifi­
cally sound quarantine measures as far as radiation disinfestation of food­

stuffs is concerned (2, 8 - 9, 12). The present results also lead to the con­

clusion that insect -proof packages, which are mostly impermeable to the 
methyl bromide fumigation, should be tried in future disinfestation using 

the highly penetrative gamma radiation from a 6{(;o source. 
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Table 1 

Insect Disinfestation of Packed Naturally Infested Dry Dates (Zahdi 
Variety) Using Methyl Bromide or Low Dose of Gamma Radiation 

followed by Different Periods of Storage. 

Treatment Approx. Sto - No. of Total No. Live insects 
rage period lunch of dates per I 00 dates 
(in days) boxes• 

examined 

TI 
Untreated 25 8 273 7.7 
(control) 
Methyl bromide 25 8 256 0.0 
Radiation 25 8 270 9.6 (sterile) 
Tz 
Untreated 55 8 240 65.0 
(control) 
Methyl bromide 55 8 258 7.8 
Radation 55 16 510 0.9 
TJ 
Untreated 80 2 65 73.38 
(control) 
Methyl bromide 80 8 241 1.6 
Radiation 80 12 366 0.8 

For each treatment 2 standard carton boxes (dimensions: 48.5 x 31 
x 19 em,) each holding 40 x 250 g lunch boxes, were used. The 
dimensions meet the construction requirements of NMFC of uniform 
freight classification. 
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ORGANIC AND INORGANIC CONSTITUENTS 

OF DATE PALM PIT (SEED) 

M.Y. EL-SHURAFA, H.S. AHMED 
AND S.E. ABOU-NAJI 

Department of Horticulture, Faculty of Agriculture, 
University of Alfateh, Tripoli, S.P.L.A.J. 

ABSTRACT 

The organic and inorganic constituents were determined in seeds (pits) of 

six leading southern Libyan date cultivars: namely Taleese, Adwi, Taghiat, 

Tasferi, Aspear and Seloulou. The averages of different constituents (on dry 

weight basis) of all cultivars were as follows: starch 20.64%, reducing su­

gars 2.4%, non-reducing sugars 1.98%, protein 6.43%, oil 9.2%, ash 

1.20%, Ca 0.038%, K 0.244%, P 0.112%, Na 0.0082%, Cl 0.161%, Fe 

30.4 ppm, Mn 15.7 ppm, Zn 28.84 ppm, and Cu 8.1 ppm. The chemical 

characteristics of oil were as follows: Iodine number 54.8, saponification 

value 207.3 and acid value 1.75. Reducing sugars, starch, total carbohy­

drates, protein, oil, ash, K, P, Cl, Mn and Zn were significantly different 

among cultivars, whereas non-reducing sugars, total sugars, Ca, N a, Fe 

and Cu did not show significant differences due to cultivars. 
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INTRODUCTION 

Pit of date palm (seed) is a waste product of many industries based on 
flesh of date fruit such as date syrup (known as Dibis, in Libya as Ru­
b· a1tamar),dry invert sugar ,yeast, alcohol, vinegar, citric acid and different 
sweets (9). Although the pits are about 13% of the total weight of date fruit 
(4), no serious attempts were made to make good use of these as potential by. 
products. In some date producing countries, pits are used as fodder for 
domestic farm animals. Little work has been published earlier on chemical 
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composition of date palm seed (I, 3, 7-8). 

The objective of this study was to determine the sugars, starch, protein, 

oil and oil characters, and minerals in pits of six leading date cultivars of 

southern Libya. This might be helpful in producing fodder for ruminants, 
and other domestic animals, in addition to the use of some of these com­
ponents for industrial purposes. 

MATERIALS AND METHODS 

Pits of major date cultivars of southern Libya were used in the present 
study; namely Taleese, Adwi, Taghiat, Tasfert, Aspear and Seloulou. Fruit 

samples of about 20 orchards were collected in October, 1978 at tamar 
stage from three major date growing districts in southern Libya (Sebha, 
Ubari, and EI-Shatie ). Fifty fruits from each sample were taken and 
deseeded. The pits of each cultivar, in each district, were combined to make 

a composite sample and used as a replicate. The pits were dried in a draft 
oven at 65°C to a constant weight and ground for chemical analysis. 

Minerals: 

Two grams of the ground samples were digested with HCl (dry ashing) 
according to Chapman and Pratt (2). Analysis for K, Ca, and Na was by 
flame photometer, Zn and Cu by atomic absorption, P, Mn and Fe by 
spectrophotometer and Cl by titration with silver nitrate (2). 

Carbohydrates: 

Three grams of the ground material were used for sugar extraction using 
80% ethanol. The non-reducing sugars were determined by hydrolysing a 
part of the sugar extract with I N HCL for 10 minutes on a water bath at 
67°C (3). Starch was determined in the dried alcohol insoluble 

residue after hydrolysing with I N HCl for 4 hours on a water bath at 90°C 
(6). The reducing power of reducing and non-reducing sugars and starch 
after hydrolysis, was determined by Somogyi micro-copper reagent me­

thod (II). The non-reducing sugars were taken as the difference between 

the reducing sugars before and after acid hydrolysis. 
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Oil: 

Ten grams of dried pits were used for oil extraction with petroleum ·ether 

in a Soxhlet apparatus for 8 hours. Iodine value, saponification value, and 
acid value were determined according to Pearson (10) in a composite 

sample for the three districts. 

Protein: 

Total nitrogen was determined by the micro·Kjeldahl method. Protein 

was calculated using the general factor (6.25). 

Data are expressed as percent of dry weight except for Fe, Mn, Zn and 
Cu which are expressed as ppm. 

RESULTS AND DISCUSSION 

Carbohydrates: Carbohydrate contents of pits represented about 25% of 

their total dry weight (Table I). Starch was the dominant form of car· 

bohydrate in the pits. The starch: total sugars ratio was about 5: I. The pits 
of Taghiat contained the highest percentage of carbohydrates (26.86%), 
while pits of Aspear contained the lowest percentage (24.24%). Other cul­
tivars were intermediate. Pits of all cultivars contained much lower quan­
tities of sugars (about 4.5%) as compared to their flesh which contained 
about 69.03% (Table 3). Tasfert pits contained higher amounts of reducing 
sugars than other cultivars. This was statistically significant. Non-reducing 
sugars and total sugars were not significantly different. The amount of 
sugars and starch obtained in the present study were generally similar to 
those reported for pits of Khalas (8). 

Oil and Oi/ICharacteristics:Appreciable amounts of oil were found in the 

pits (Table I). Oil content ranged from 8.7% for Taleese to 10.0% for Adwi. 

Values obtained were generally similar to those cited by Dawson and A ten 

(3) and Hussein and El-Zeid (8), but higher than those reported by Al­

Talikani et al (I). Iodine value ranged from 48.32 for Aspear to 66.28 for 

Taleese. These values were lower than those for olive oil, 

almond oil, sesame oil, soya oil and sunflower oil (I 0). In other words, the 

degree of saturation of date palm oil was less than that of these oils. The 
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saponification values ranged from 201.03 for Seloulou to 224.40 for Adwi. 
' These values were within ranges reported for date palm pits (1,3) and olive 

oil (10). The acid value and tree fatty acids obtained for the cultivars 

studied were slightly higher than those reported earlier (I, 3 ). 

Protein: Date palm pits contained considerable amounts of protein (Table 

I). Pits of Seloulou were the highest (7 .68%) while pits of Adwi were the 

lowest (4.46%). These results were in general agreement with those re­

ported by Dowson and Aten (3) and Purr and Cook (7), but higher than 

those of Hussein and El-Zeid(8). 

Inorganic Constituents: 

Ash: The percentage of ash in the pits varied with cultivars; it was the hig­

hest in Taghiat pits (1.43%) and the lowest in Adwi pits (1.03%) (Table 2). 

Values obtained were similar to those cited by Dowson and Aten (3), but 

were much lower than those reported by Hussein and El-Zeid (8). 

Minerals:The mineral contents of pits of all cultivars are presented in Table 

2. Amounts of K in the pits were found in excess of any other element 

determined in this study and it was over 29 times of Na. Potassium, P, Cl, 

Mn and Zn contents were significantly different in cultivars, whereas Ca, 

N a, Fe and Cu did not show significant differences among cultivars. 

Pit/ Flesh: In the previous stndies (4,5), the different constituents of the flesh 

of these cultivars were determined. It seems worthwhile to compare organic 

and inorganic constituents of pits with those of flesh. The pits were found to 

contain higher percentage contents of oil, protein, P, Fe, Mn and Cu and 

lower contents of total sugars, ash, Ca, K, Na, Cl and Zn than the flesh 
(Table 3). 
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Table l 

Organic Constituents of Pits of Six Leading Date 

Carbohydrates 

Reducing Non-Red- Total Total 

Cultivars Sugars ucing Sugars Starch 
Carbo-
hydrates 

o/o Sugars% o/o o/o o/o 
Taleese 2.25b 1.25a 2.77a 20.38abc 24.48b 
Adwi 2.00b 2.27a 4.27a 21.50ab 25.77ab 

Taghiat 2.2lb 2.57a 4.78a 22.02a 26.86a 
Tasfert 3.37a 1.85a 5.20a 20.07bc 25.27ab 
As pear 2.47b l.8la 4.6la 19.63c 24.24b 

Seloulou 2.43b l.88a 4.35a 20.22bc 24.59b 

Mean 2.46 1.98 4.50 20.64 25.14 

Means in a column followed by the same letter are not significantly 
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Cultivars Grown in Southern Libya (On Dry Weight Basis) 

Oil and Oil Characters 

Protein Saponi- Acid Value Free Fatty 

(Nx6.25) Oil Iodine licaticn mg/KOH/g.oil Acid Expressed 

% % number Value as Oleic Acid 

5.96ab 8.70b 66.28 204.0 1.41 2.81 

4.46b IO.OOa 52.35 224.4 1.53 3.06 

6.55ab 9.38ab 50.14 208.2 2.04 4.08 

7.33a 9.2lab 61.96 203.4 1.87 2.74 

6.33ab 9.2lab 48.32 202.7 1.68 2.36 

7.64a 8.7b 49.76 20!.1 1.96 2.92 

6.43 9.20 54.80 207.3 1.75 3.50 

different at P=0.05 according to Duncan's multiple range test. 
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Table 2 

Inorganic Constituents of Pits of Six Leading Date Cultivars 

Concentration 

Cultivars 
Ash Ca K p Na 

% % % % % 
Taleese 1.18ab 0.050a 0.237ab 0.128a 0.0089a 

Adwi 1.03b 0.038a 0.221ab 0.0915b 0.0069a 

Taghiat 1.43a 0.037a 0.217b 0.112ab 0.0088a 

Tasfert 1.15ab 0.042a 0.297a 0.116ab 0.0085 

As pear 1.12ab 0.029a 0.023ab 0.109ab 0.0076a 

Seloulou 1.30ab 0.033a 0.268ab 0.114ab 0.0084a 

Average 1.203 0.038 0.244 0.112 0.0082 

Means in each column followed by the same letter are not significantly 

Table 3 

The Ratio of Organic and Inorganic Constituents 

Reducing Non-Red- Total 

Sugars ucing Sugars 

Constituents• Sugars Protein Oil Ash Ca 

% % % % % % % 
Pit 2.46 1.98 4.50 6.43 9.2 1.203 0.038 
Flesh 66.13 3.00 69.03 1.98 0.067 2.583 0.058 
Pit/Flesh 0.037 0.66 0.065 3.25 137.3 0.47 0.66 

• Average for all cultivars 
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Grown in Southern Libya (On dry Weight Basis) 

Cl Fe Mn Zn Cu 

% ppm ppm ppm ppm 
0.122c 35.2a 19.4a 26.5ab 7.41 a 
0.228a 24.4a 18.0a 32.8a 8.51a 
0.151abc 34.7a 18.3a 27.2ab 7.94a 

0.154abc 35.la 14.0ab 30. 7ab 8.54a 

0.130abc 27.1a 9.7b 24.4b 7.41a 
0.184a 25.5a 14.8ab 3 J.4ab 8.52 

0.161 30.4 15.7 28.84 8.10 

different at P = 0.05 according to Duncan's multiple range test. 

Between Pits and Flesh (4,5). 

K p Na C1 Fe Mn Zn Cu 

o/o o/o o/o % ppm ppm ppm ppm 

0.244 0.112 0.008 0.161 30.4 15.7 28.8 8.05 

0.703 0.059 0.011 0.468 28.4 8.1 57 5.1 

0.35 1.9 0.75 0.34 1.07 1.9 0.51 1.5 
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CHEMICAL COMPOSITION OF FOUR IRAQI DATE CULTIVARS 

A. K. YOUSIF, N.D. BENJAMIN, AMINA KADO, 

SHEFA MEHI ALDDIN AND SAAD M. ALI 

Agriculture and Water Resources Research Centre, Boghdad. Iraq. 

ABSTRACT 

The nutritive value of four commercial Iraqi date cultivars: namely, 

Hallawi. Sayer. Zahdi and Khadrawi, were studied with regard to sugar. 

protein, fat, ash. fibre, water soluble vitamins. minerals and trace clement 

contents. The analysis revealed that the studied dates have low moisture, 
protein, fat and non-reducing sugar contents. On the other hand, dates were 
found to contain relatively large amounts of reducing sugars. The ratio of 
glucose to fructose was found to be a function of the agcoclimatic conditions 
prevailing in the areas from which the samples were obtained. The data also 
showed that dates contain moderate amounts of thiamine, riboflavin and 
folic acid, while biotin and ascorbic acid are present in small quantities. With 
respect to minerals and trace elements, the results of this study showed that 
dates could be considered a good source of iron, potassium, copper, sulphur 
and manganese and a fair source of calcium, chlorine and magnesium. 

~1_,...11 ;_,..;ll 4r .J~I ~;~ ':$J~I ~ jJI 

J.lo..JJ .J:!ooUI ~ < l<i.:. , Jjj ~j , ~ ~ ~ J.J. , ._.i.., Y. J.-IS' ~ 
~M 

. JI_,..JI , )\-0 , <JUI o)_,lly u\J} 0.~1 ~ r 

a...."» I 

J_,...:;ll 0" ..j L:.., I ;;.,.., }:! ~I j,;JI ~I ~ ..j _r:J.\ :C.. I J_u I o :U. ~r~ I 

285 



Yousif, Bet{iamin, Kado, Mehi Alddin, Ali 

L>l.f'S' '....IJ..l.! .~lbJ (<f.JiyA.>- , <f.JJbj ,_nL , <$.JJI.,-) ~J~I :WI_,JI 

c_')\..~1, ,ul J. ~I.JJI ..::-~L,AJI, ..::-~~~, 0U~I, Lr"..UI, 0J_;JI if' 

. oJ,UI J""'L,JIJ :c,;.,uJI 

~ ~ <f.yd!. wl5' ~ f ~I ._j~'JI ,)1 U)..UI o.:U r:5L.; w R\ 
o .:U r:5 L.; w }.J J . Lr" ..U IJ 0 J _;J I c/' :cLJj; w L.,S ~ J '-! _,1 )I if' ~~ 

..::-L.S ~J :U_:,:S..\1 ..::-~~~if' o.r:S ..::-~ ~ <f.yi J~l ,) '....IJ..UI 

J. ~I~ ~;-:5' ~·\:; I.J, .Jl5' ~l._iJ}JI .:,\.b-y I?. jJ~I if' :cLJj; 

. lf:...IJ, c:..-1 ~I J~l J. jp }JI i.S.f'S' Jl j_,) }J-.1 i.Sy 

.. q .:,i .!....- ..W ,UI J ~I.JJI ..::-L..UI · . ·II <.S··:~c ·:1 •. 1J )r---' . ) .. . . .. if' )r---' .:r- ---: ~ .. J 

~J GLJ yJI ~L> J 0-'')l; .r-:-:)IJ ~LJI if' o.L.--:- ..::-L.S ~ <f.yi 

. & < 'JI ' l,..J UJ· II · :cLJj; ..::.,L.,S ... )Y'-"" '-"""" " .J::7 if' .. .. 

A~lll ~ O),LJI J""'L,JI) 0..uJI c_')\..'JI if' )~I i.S.f'S' ..b-i .J.Sj 

..l.!J..J-1 if' J5-l l.L.--:- \ )~ _;WJ )~I .:,i Jl '....I)..UI o.:U r:5L.; w )L,\ ..W 

i x-J tS:J I if' J5_l ~-"'-'-' l J~ J rA IJ C., _,$J IJ v h;JIJ iJ'c""' L:; y) IJ 

iJ-.',_,..diJ J_,.;.....,;JI c/' J5_l ~~ \J~ _;WU ~ 'i~IJ c}:J}SJIJ 

. ( 0:-') l;ll ) "-1 }J 

if' L>l.f'S' ~if' lf:.-.1), c:..-1 c.JI )~I ._j~\ 0 ;(;)L<.. ,l_r-:-1 .J.Sj 

<f.JJb} JY .:,\ ~ :i....IJ..UI ,.;_, ~L.; ..::.J,, oJ,UI J""'L,JIJ :c,;..uJI c'>\..'JI 

~ Lr-" ~J_,_KJIJ ~_,$JIJ ~J..J.IJ i _,...,L:; y)l if' JS' J. .?~ wl5' 

<.f-lo} J_,...::J 'AA.;)I ~lj;JI ~I£~ <.fjjl /~1 <.Sj-~1 :C:')UI._j~)ll 

. JL='JI ~ oJ,lJI J""'L,JIJ :c,;.,uJI c_')\..'JI if' L>l.f'S' ..b-i ..=.. 

._j 1.__:_, ~ ~ ..L...\ I J ~~I i.S ~ I J. w li ')\;:.>. I -.!J W, ,)1 .b-} i? 

._j lc I[ i ._j ~ 'J I ._j ')I,;:,>. I J I ~:, - J..9 I. I , c:..-1 .. li o.o.:JI Jr-- ) E· .n J '<r-" ) '-!." )J 

. :i..YIJ} J1Lo J. o.JJU <..:.....JI 

286 



Chemical Composition 

INTRODUCTION 

Iraq is considered to be the leading date producing country in the world 

and its annual production is estimated at about 350,000 tons. Date f'ruits 

constitute a substantial part of' the diet in Iraq and other Arab States espe· 

cially for those of the low income group. The provision of vitamins and 

minerals as well as sugars is the greatest contribution that dates can make to 

the human diet. 

The chemical composition of different date cultivars has been reported 

by several investigators (8, I 0, II, 17). Recently Salem and Hegazi ( 12) 

and Hussein (6) studied the chemical composition of some Egyptian date 

cultivars. 

Literature on the vitamin content of dates is scanty. Smith and Fa­

rankop ( 15) studied the vitamin content of 15 eultivars of Arizona dates. 

Nixon (I 0) and Spoon ( 17) found that dates arc a good source of' niacin. 

thiamine and riboflavin, while other vitamins have been reported to be 

present but in negligible amounts. The mineral composition of American 

dates has been reported by Zook (19). Waheed Khan and Chungtol ( 18) 

also studied the nutritive value of Pakistani dates. 

The present study was undertaken to contribute further information on 

the nutritive value and chemical composition of' some commercial Iraqi 

date cultivars. Attention was focused on the sugar. water soluble \'itamins. 

minerals and trace clement contents. 

MATERIALS AND METHODS 

Ripe fruits of four cultivars of Iraqi dates(Phoenix dactylifera L.) were 

used in this study. Three cultivars,viz. Hallawi, Sayer and Khadrawi, were 

procured from the southern area. while the fourth cultivar. Zahdi. was ob­

tained from the central area of Iraq. Samples of 5 kg were collected ran­

domly for each cultivar. They were cleaned, placed in polythene bags and 

stored in a deep freezer until analyzed. 

Samples were analyzed for moisture, pH, protein, ash. crude fibre. total 

thiamine, ascorbic acid, phosphorus, chlorine and fluorine using AOAC 
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procedures (I). Total soluble and insoluble solids were estimated as de 
scribed by Sinclair et a!.( 14 ). Reducing sugars were determined as glucose 
by the Luff and Sclworl method (7). recommended by Dowson (4). Total 
sugars were determined by inversion. while sucrose was estimated by sub­
tracting reducing sugar from total sugar and multiplying by tllC factor 0.95. 
Glucose and fructose were determined calorimetrically as described by 

Snell and Snell ( 16). 

Lactobacillus casei, Lactobacillus rabinosus and Strepeococcusjaeca/is 

were used in estimating riboflavin. biotin and folic acid respectively as de­
scribed by the Association of Vitamin Chemists (9). Zinc. iron. manganese. 
copper. sulphur and cobalt contents were determined using atomic ab­
sorption spectrophotometry (I). The rapid flame photometric method (I) 
was us~<;! in estimating sodium and potassium. 

RESULTS AND DISCUSSIONS 

The chemical analysis of the date cultivars studied. viz. total soluble and 
insoluble solids, pH, protein, ash and crude fibre is ;>resented in Table I. 
The moisture, total soluble and insoluble solid values are expressed as 
percentages of the fresh weight of the sample, whereas protein, fat, ash and 
crude fibre values are given on a dry weight basis. 

Results in Table I indicate that the date cultivars studied have a low 
moisture content varying from 7.30 to 9.50')6. However, these values arc 

lower than those of 23 to 28% reported earlier for Egyptian soft dates (6). 

A close similarity can be seen in the total soluble solids of Sayer, 
Khadrawi and Zahdi cultivars while the values were higher for Hallawi. 
Data presented in Table I also show that the pH varied from 5.6 for.Hall­
awi to (6,7) for Khadrawi. This indicates that dates are slightly acidic. 

Table I further reveals the presence of relatively small amounts of pro­
tein and fat in all the cultivars studied. These results are in agreement with 
previous findings (6). In spite of the low protein content of dates, Salem and 
Hegazi (3) believed that dates can contribute an additional source of pro­
tein to the human diet with high qualities of some essential amino acids. 

As far as ash is concerned, one can notice a low variability in the ast. 
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content of the analysed dates. On the other hand, a relatively large variabi­

lity can be observed in the crude fibre content. However, these differences 
could be explained by variations in cultivars and/or agroclimatic conditions. 

The average percentages of total sugars, reducing sugars, sucrose, glu­
cose and frutcose are given in Table 2. The sugar values are given on a dry 
weight basis. 

Table 1 

Chemical composition of 4 commercial Iraqi date cultivars 

Composition Date cultivars 

Hallawi Sayer Khadrawi Zahdi 

Moisture % 7.30 7.50 9.50 8.26 
Total soluble solids% 84.20 81.30 80.80 82.14 
Total insoluble 17.90 10.00 9.52 9.23 
solids% 

Protein% 2.30 2.78 2.43 2.16 

Fat% 0.51 0.32 0.47 0.43 
Ash% 1.92 1.80 2.12 1.86 
Crude Fibre% 1.82 1.72 2.28 2.50 

pH 5.60 6.00 6.70 6.10 

Note: The first three determinations are expressed on a fresh weight basis while the last four arc 
based on dry weight. 

Table 2 

Sugar analysis of 4 commercial Iraqi date cultivars 

Composition Date cultivars 

Hallawi Sayer Khadrawi Zahdi 

Total sugars% 87.91 86.10 87.74 86.80 

Reducing sugars o/o 82.72 82.60 81.91 73.40 

Sucrose o/o 4.80 3.50 4.50 12.70 

Glucose% 43.69 44.79 44.73 32.77 

Fructose% 37.21 38.04 38.48 39.15 
Glucose/Fructose 1.17 1.1 7 1.16 0.83 

ratio 
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Table 3 

Vitamin content• of 4 commercial Iraqi date cultivars (meg/ I OOg) 

Vitamins Date cultivars 

Hallawi Sayer Khadrawi Zahdi 

Thiamine (Ill) 99 130 94 80 

Ribonavin (82) 173 135 149 !67 

Biotin (H) 4.63 4.66 4.09 5.74 

Folic acid 57 70 43 63 

(Folacin) 

Ascorbic acid 

(C) 3.56 17.51 3.20 2.41 

(mg/lOOg) 

* On Q,ry weight basis 

The average percentages of total sugars, reducing sugars, sucrose, glu­

cose and fructose are given in Table 2. The sugar values are given on a dry 

weight basis. 

Results in Table 2 indicate that reducing sugars are the dominant form of 

sugars found. 

This is as expected since the investigated dates are of the "soft" type. On 

the other hand. the analysed dates contain only small amounts of non­

reducing sugars. These results confirm those obtained earlier by Cavell (2) 

and recently by Hussein (6) who reported that soft dates contain larger 

quantities of reducing sugars with lesser quantities of sucrose than the 

"semi-dry" and "dry" date types. 

The glucose: fructose ratio was the same in the three date cultivars ob­

tained from Basrah. However, glucose contents of these cultivars were 

more than fructose by 17%, while the opposite was true in Zahdi dates ob­

tained from the central area of Iraq. 

The vitamin content of four Iraqi date cultivars is given in Table 3. 
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Thiamine content of the studied dates ranged from 80 meg/ IOOg in ease of 

Zahdi dates to 130 mcg/IOOg in Sayer dates. These thiamine values are 

similar to those of Arizona dates (15). The results also indicate that Iraqi 

dates contain higher amounts of riboflavin than California dates (17). As 

far as folic acid is concerned, dates appear to contain moderate amounts of 

this vitamin. On the other hand, dates seem to be a poor source of biotin. 

Although fruits and vegetables are usually considered the major dietary 
source of ascorbic acid, results in Table 3 reveal that dates contain negligible 
amounts of this vitamin. These findings are in agreement with those reported. 
by Waheed Khan and Chungtal (18) and Spoon (17). 

The macro element composition of the four commercial Iraqi date cul­

tivars studied is presented in Table 4. 

Results in the Table 4 indicate that potassium is the predominant 

element found in dates. As far as calcium and chlorine are concerned, the 

results show that the studied date cultivars also contain relatively high 

concentrations of these two elements. The cultivar Zahdi showed more 

calcium and chlorine than the other cultivars studied. 

On the other hand, the analyses suggest that dates are a poor source of 

both phosphorus and sodium. 

The data presented in Table 4, indicate that Iraqi dates contain com· 

paratively higher qualities of calcium, potassium, sodium and magnesium 

and lower concentrations of phophorus than American dates (19). 

Considering the daily requirements of macro elements by humans, it can 

be concluded that approximately 15 dates could furnish more than 80% of 

magnesium, 70% of sulphur, 25% of potassium and 20% of the calcium 

needed. 
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Table 4 

The macro element composition• of 4 commercial Iraqi dates (mg/IOOg) 

Minerals 

Calcium 

Phosphorus 

Potassium 

Sulphur 

Sodium 

Chlorine 

Magnesium 

* On dry weight basis 

Date cultivars 

Hallawi Sayer 

184 203 

16 

854 

10 

14 

260 

56 

Table 5 

13 

833 

20 

10 

312 

58 

Khadrawi Zhadi 

133 207 

15 14 

894 887 

14 21 

16 5 

266 342 

60 59 

The micro element content• of 4 commercial Iraqi date cultivars (mg/IOOg) 

Minerals Date cultivars 

Hallawi Sayer Khadrawi Zahdi 

Iron 5.26 3.21 4.5 10.37 

Manganese 5.86 5.25 5.14 5.16 

Copper 2.77 2.89 2.54 2. 75 

Zinc 1.39 1.82 1.29 0.74 

Cobalt 0.76 0.96 0.96 • 0.95 

Fluorine 0.20 0.12 0.14 0.12 

* On dr~ weight basis 

The micro element content of the four commercial Iraqi dates cultivars is 
given in Table 5. 

The human daily need for iron has been estimated 10 mg, manganese 4 

292 



Chemical Composition 

mg; copper I - 2 mg and zinc 15 mg (12). Referring to data presented 1. 

Table 5, it can be concluded that Iraqi dates contain relatively high 

amounts of iron, manganese and copper and small amounts of zinc. On the 

other hand, the human daily need for cobalt has not so far been established. 

As far as fluorine is concerned, the results in Table 5 show that dates con­

tain relatively high concentrations of this element, as ClitTord (3) reported 
that most fruits contain less than 0.03 mg fluorine per lOOg. Results given 

in Tables 4 and 5 also indicate that Zahdi dates contain higher values of 

potassium, iron, sulphur and chlorine than the other three cultivars 

(Hallawi, Sayer and Khadrawi), which implies that the nutritive value of 

Zahdi dates with respect to their mineral composition is higher than those 

of the other cultivars studied. 

Furthermore, some ditTerences in the vitamin and mineral composition of 
the cultivars studied can also be observed which may be due to variations in 

cultivars and/or agroclimatic conditions. The present findings appear to 

confirm those obtained by Duckworth (5) who reported that vitamin and 

mineral contents of fruits in general may show considerable variations not 

only among species and cultivars but also among ditTerent batches of the 
same cultivar grown under ditTerent agroclimatic conditions. 
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LETHAL YELLOWING: A POTENTIAL DANGER 

TO DATE PRODUCTION 

R.E. McCOY, D.L. THOMAS, J.H. TSAI 

University of Florida Agricultural Research Center, 3205 
S.W. College Avenue, Fort Lauderdale, Florida, 33314. Florida 

Agricultural Experiment Station Journal Series No. 9093. 

ABSTRACT 

Lethal yellowing is a fast spreading, destructive disease of coconut palm 

that ir .believed to affect a number of other palm species including Phoenix 

dactylifera. This disease is present in Florida, the West Indies and possibly 

the west coast of Africa. Symptoms include fruit loss and inflorescence 
necrosis, followed by death of the entire crown within 3 to 6 months. Ob­

servation of the phloem of declining palms by electron microscopy reveals 
the presence of mycoplasma-like organisms. These organisms are presu­

mably transmitted from tree-to-tree by a piercing-sucking insect, probably 

a leafhopper. However, a vector has not yet been found. Suggested control 

measures include quarantine of the infected areas, removal of diseased 

palms, planting of resistant varieties, and treatment with tetracycline an­

tibiotics. 

Lethal yellowing (L Y) is a devastating disease of coconut palm (Cocus 

nucifera L.), that was first reported on the Caribean island of Jamaica at 

about the turn of the century (2). LY has decimated coconut production in 
Jamaica Figure I and has spread to Hispaniola, Cuba, Nassau and other 

islands of the West Indies. The disease was found in Key West, Florida in 

1955 where 15,000 coconut palms were killed over a 7 year period. LY 
appeared in Miami, Florida in 1971 and has killed more than 80% of the 

350,000 coconut palms in the greater Miami area in the succeeding 4.5 

Paper reproduced from the 53rd Report of the Date Growers' Institute, Coachella 
Valley, Indio, California, with the permission of the author. 
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years (H). 

The Kaincope disease of coconut palm in Togo, West Africa is identical 

to L Y in symptomology and therapeutic response. It is likely that this 

disease and LY are coidentical (8, 12). If so, the distribution and worldwide 

significance of L Y are greatly extended. 

When L Y became established on the Florida mainland, a new phe­

nomenon of paramount importance was observed. Several other species of 

palms were noted to be declining and dying in areas where L Y was actively 

spreading in coconut palms (13, 14). The suspected casual agent ofLY was 

also observed in these declining species. The suspected host list has been 

expanded (Table I) and now includes the date palm, Phoenix dactylifera L. 
(Figure 2) as well asP. canariensis Hort. ex Chab. (Figure3) and P. recti­
nata Jacq. (IO,IH). 

SYMPTOMOLOGY 

The symptoms of L Y in coconut, as the name implies, consist of a rapid, 

generalized chlorosis followed by death of the palm, usually within a 4 

month period. Prior to the development of yellowing symptoms, developing 

fruit drops from the tree and new inflorescences become necrotic, even 

before the opening of the spathe. Most of the fallen fruit have grey to black, 

water-soaked discoloration at the stem end. Yellowing begins at the tips of 
the fronds and moves towards the frond bases. The older fronds within the 

crown are the first to become yellow. The yellowing extends upwards th­

rough the crown from old to young fronds. In the dates and some other 

species of palms, the fronds do not become yellow, but rather b~come 

desiccated and gray-brown,the older fronds again being affected first. Fruit 

loss and inflorescence necrosis also occur in date palms. 

When approximately half of the crown has become yellowed or necrotic, 

the folded spear or bud leaf will often become necrotic. A soft rot then ex­
tends down the spear and into the bud shaft, eventually reducing the mer­

istematic area to a putrid, slimy mass. Death of tbe rest of the crown foll­

ows rapidly. The crown soon topples from the stem, leaving a naked trunk. 
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ETIOLOGY 
A common factor observed in all declining palm species listed in Table I, 

along with similar symptom expression, is the presence of mycoplasmalike 

organisms (MLOJ within the sieve tubes of the allected trees. (Figure 4). 

The MLO, which are present only in the phloem tissues of the diseased 
palms, are the suspected casual agents. Mycoplasmas are smallest of all 

known cellular organisms. They are simpler than bacteria, have no cell 

wall, and have only a delicate membrane surrounding their cytoplasm. 

Currently, mycoplasmas or mycoplasmalike organisms are known to 

cause, or to be associated with more than 100 plant diseases. The term 

mycoplasmal ike is used when these organisms have been observed by elec­
tronmicroscopy, but have not been isolated and grown in pure culture. 

Attempts to isolate the L Y organism are underway in both Florida and 
Jamaica. 

MODE OF SPREAD 
The mechanism of spread of L Y has not been determined, although it is 

the belief of many researchers that the LY pathogen has been transported 

around the West Indies and Florida by wind-borne arthropod vectors. The 

only known means of natural transmission of MLO's in other plants has 

been by leafhoppers and psyllids. This is a plausible method since these in­

sects feed by piercing the phloem cells of plants and sucking out the sieve 

tube sap. If the plant on which the insects are feeding is infected by MLO, 

the insects will pick up the organisms and become infected themselves. The 

MLO's are later transmitted to the sieve tubes of other plants when the in­

sects feed on them. 

Extensive transmission experiments have been carried out in Jamaica 

with white flies, flatid and fulgorid planthoppers, tingid bugs, and gall mites 

(1,3,5). Other tests with the planthoppers Haplaxius crudus(Van Duzee), 

Antillixius spp., two species of romolicna, Co/poptera elevans (Walker), 

Psenoflatajbrevis (Van Duzee), and Ceratophis veriabilis (Hille Ris Lam­

hers) were made in Jamaica (16). No specific transmissions of LY have 

been reported. 

Rotary flight nets within palm plantings and sticky traps within palm 

crowns have been employed to study the insect fauna present in coconut 
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palms in South Florida. Emphasis was placed on sampling the homopteran 

insects belonging to the Suborder Auchenorrhyncha. From this survey, the 

following planthoppers and leafhoppers have been selected as the primary 

suspect vectors to be used in transmission attempts:Haplaxius crudus(Van 
Duzee),Chlorotetlix spp., Balclutha spp., Graminel/aspp.,'Empoasca spp., 

Delphacodes spp., Agal/ia constricta (Van Duzee), Idioderma virescens 
(Van Duzee), Pintali<l spp., Bothriocerna spp., Protalebrel/a brasiliensis 
(Baker), Planicephalus flavicosta (Stal). 

CONTROL 

Attempts to contain or slow the spread ofLY in Florida have been based 

on an integrated program involving removal of diseased palms in areas 

where the disease is advancing; protection of healthy palms and therapeutic 

treatment of diseased palms with the antibiotic, oxytetracycline-HCL; 

quarantine of all affected countries; and replanting with non-susceptible 

types of palms (I 0). Vector control is another possible avenue for L Y 

control; however, no feasible control may be aimed at the vector until the 

target insect is known. 
The removal of diseased palms was the first line of defence against L Yin 

Florida until development of the antibiotic treatment. Some twelve thou­

sand diseased palms were removed early in the epidemic in Florida in an 

effort to slow the spread of disease by the reduction of inoculum (10). Cut­

ting diseased palms did not stop the spread of L Y either in Florida (8) or 
Jamaica (15). However, although no quantitative measurements were re­
corded it is certain that the cutting program did retard the spread of L Y 
somewhat. 

Treatment of palms with oxytetracycline is a recently approved 'tontrol 

measure that is presently available for both coconut and pritchardia palms 

in Florida (6). This treatment is used both therapeutically in diseased palms 

prior to the development of extensive symptoms (7), and as a protectant for 

healthy palms (9). It is a generally established fact that mycoplasmas are 

sensitive to this type of antibiotic (17). A FloridaDepartmentof Agriculture 

and Consumer Services Program of treating healthy palms surrounding 

new cases of disease in areas of low L Y incidence has effectively depressed 

disease spread for 16 months in five counties. A test to determine the pro-
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tective action of oxytetracycline in the Canary Island date palm is currently 

underway. No data arc available on the efficacy of antibiotic treatment in 
Phoenix dactyl{fera. 

To curb the inadvertent spread of L Y by man, the State of Florida has 

implemented a quarantine on all infested counties to stop the shipment of 

susceptible palms out of the affected areas. In addition, Texas, Hawaii, 
California and Louisiana have all enacted quarantines against the shipment 

of susceptible palm species from Florida into their states. The spread of L Y 

in nature is extremely fast, so particular precautions should be taken to 

prevent the movement of affected trees to areas free of L Y. 

The major factor for LY control in coconut is the planting of the resistant 

'Malayan Dwarf cultivar. The Malayan Dwarf coconut palm is highly re­

sistant to LY and is being widely planted in both Jamaica and Florida 
(4, 11). Hybrids between Malayan Dwarf and other coconut cultivars also 

have a high degree of resistance to LY (4). The degree of susceptibility of 

resistance of various date cultivars to this disease is unknown. 

DISCUSSION 

The current state of knowledge abo11t lethal yellowing in coconut palm is 

very sketchy, and much less is known about lethal declines of date and 

other palms that are associated with lethal yellowing. In all cases, the 
disease acts rapidly, killing the affected palm in about 4 months. Tree-to­

tree spread is rapid and nearly always affects 100% of the susceptible 

palms in any infested area. Symptom development is similar in all species 

and all afTected palms have mycoplasmalike organisms present in their 

sieve tubes. In addition, six species tested have all responded to oxyte­

tracycline treatment. The evidence thus far accumulated indicates that le­

thal yellowing attacks not only coconut palms, but also the other species 
listed in Table I. The causal agent is believed to be a mycoplasma, but this 

has not been proved. The organism must be isolated in pure culture and 

then used to reproduce the disease after inoculation in order to prove pa­

thogenicity. 

The chances of lethal yellowing spreading from Florida to the South-
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western USA have been lessened considerably by instituting a quarantine 

on Florida palms. The potential danger of L Y to date production in Africa 
is real if the Kaincope disease proves to be co identical with L Y. A priority 

research effort should be made to determine if Kaincope is identical to LY 

and whether or not it can attack date palms. 

Judging from experience with other diseases of mycoplasmalike etiology, 

the vector is probably a piercing-sucking insect like the leafhopper. 

However, the vector of lethal yellowing is,as yet, unknown. Since the vector 
of L Y is probably a flying insect, it would also be important to determine 

the identity of insects on date palm that could be potential vectors, espe­

cially members of the Cicadellidae. If LY were to appear in a date produc­

tion area, a control program might be instituted against these insects. The 

infected trees should be removed and the feasibility should be explored of 

antibiotic treatment of palms in a 100 yard circle around the infection site, 

as successfully used in Florida. 

Another priority area of research would be the screening of various date 
cultivars for resistance to LY. This would have to be done in an LY infested 

area, but could be of inestimable value to future date production. L Y re­

sistance has been found in the coconut palm and is being fully exploited in 

both Florida and Jamaica. 
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Table I 

List of declining palms in South Florida infected with mycoplasmalike 

organisms and placed under the lethal yellowing quarantine 

'Scientific N arne 

I. Cocos nucifera L. 

2. Veitchia merri/lii(Becc.) 

H.E.Moore 

3. Pritchardia pacifica Seem. 

& H. Wend!. 

4. Pritchardia thurstonii 

F. Muell. & Drude 

5. Arikuryroba sc.hizophyl/a 

(Mart.) Bailey 

6. Corypha spp. 

7. Phoenix rec/inata Jacq. 
8. Phoenix canariensis Hart. 

· ex Chab. 

9. Phoenix dactylifera L. 
10. Trachycarpus fortunei 

(Hook).Bailey 

II. Mascarena verschq!Jeltii 

(Wendl.) Bailey 

12. Cmyota mitis Lour 

13. Borassus jlabellifer L. 
14. Chrysa/idocarpus cabadae 

H.E. Moore 

15. Dictyosperma album (Bory) 

H.Wendle.& Drude 

16. Latania spp. 

I 7. A ranga engleri Becc. 

Common Name 

Coconut-all varieties including 

Malayan Dwarf 

Adonidia or Christmas palm 

Fiji fan palm 

Arikury palm 

Talipot palm 

Senegal date palm 

Canary Island date palm 

Date palm 

Windmill palm 

Spindle palm 

Cluster fish-tail palm 

Palmyra palm 

Cabada palm 

Hurricane or Princess palm 
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Figure 1. Coconut plantation destroyed bv lethal yellowing in Jamaica. 
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Figure 1. Coconut plantation destroyed by lethal yellowing in Jamaica. 

Figure 2. Lethal decline of Phoenix dacty/ifera in Florida. This disease is believed ro 

be caused by the lethal yellowing pathogen. 
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NEW RECORDS 

NEW RECORDS OF DATE PALM DISEASES IN THE UNITED 

ARAB EMIRATES (UAE) AND BAHRAIN 

M. DJERBI 
Regional Project for Palm & Dates Research Centre in the Near East 

and North Africa 

As a result of recent survey of date palm diseases in UAE & Bahrain, the 

following diseases have been reported either for the first time or first time in 

the history of these countries: 

(i) Spot blotch - caused by Helminthosporium sp. This disease is re­

ported for the first time of date palm, affecting leaves and fronds and 
causing a serious problem in the UAE. 

(ii) J ahla disorder- which is a physiological disorder. This is also a new 

disease of date palm. Affected trees characteristically bend their 

central leaves to the south or south-east. 

(iii) Inflorescence rot- caused by Mauginiella scattae.It is a very serious 
disease affecting date palm inflorescences mainly in Bahrain. It needs 

a large scale control programme. 

(iv) Diplodia disease - This is reported for the first time in these coun­

tries, causing considerable damages. The fungus infects and kills the 

outside fronds, leaving younger shoots and bud alive for sometime 

before finally causing their death. 

The disease can be controlled by dipping or spraying the offshoots with 
copper sulphate) bordeaux mixture, benomyl or methylthiophonate, etc. 
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NEW RECORDS OF DUBAS BUG (Ommatissus binotatus lybicus 
De Bergevin) ON DATE PALMS IN SUDAN 

H.S. EL - HAIDARI 

Regional Project for Palm and Dates Research Centre in the Near East 

and North Africa, Baghdad, Iraq. 

During a recent survey of date palm insects in the North province of 

Sudan, dubas bug was found in an area called "Gaab" on 23rcl October 

1981. Population was heavy on palms left with a large number of ofT shoots 
around them. Honey dew was observed on the leaflets (pinnae) and on the 

ground as a result of the insect feeding. It is suggested that this pest has two 

generations in Sudan. 

Dubas bug is a serious pest of date palms in various countries. It is re­
ported by various authors from Spain, Southeast U.S.S.R., Iran, 
Libya,Egypt, Kuwait, Bahrain, UAE, Oman, Saudi Arabia, Algeria and 
Iraq. It is assumed that this is a first record of this pest in Sudan. 

Domestic quarantine measures and pesticides treatment were re­
commended against this pest. 
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DOCUMENTATION 

ABSTRACTS OF RECENT RESEARCH ON THE DATE PALM 

General 

GIRARD, F. Palm plantations and date palm cultivation in the Air 

massif (Northern Niger). Fruits 1980, 35 (6): 383 - 91 (Fr). 

A review of the geography, history, population and date palm cultivation 
methods of the area. Dates are important in Air, both for the fruits and 

by-products, such as timber. Flowering occurs in February after the cold 
season and fruiting is completed before the July rains. Some trees flower 

twice a year, in February and October, the later crop maturing in the foil­

owing March -- April. Soft dates are sold immediately and drier types are 

packed in sacks for longer storage or transport. 

(Abstracts taken from Horticultural Abstracts:verbatim). 

VITTOZ, J. The date palm in Oman. Fruits 1979, 34 (10): 609- 21 (Fr). 

A detailed survey of crop production, covering soils, irrigation, planting 

methods, pollination, pests and diseases, cultivars, labour requirements, 

costs and returns. 

Botany 

BOUGUEDOURA, N. Morphology and ontogenesis of growth from ax­

illary buds of date palms. Comptes Rend us Hebdomadaires des Seances de 
l'Acactemie des Sciences, D 1980,291 (10): 857-60 (Fr with En summ.). 

A vegetative or a flower bud may arise from the primordium in the axil of 

a leaf or at the base of the date palm. A comparative study showed that 

both types of bud were the result of development from the same primordial 

structure. 

(Abstract taken from Horticultural Abstract verbatim) 

Morphology 

SHABANA, H.R. & ANTOUN, N.S. The determination of leaf area in 

date palm. Beitrage trop. Landwirtsch. Veterinarmedizin 1980, 18: 345-
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49 (En with En, De, Ru, Fr & Es summs.). 

In 12-yr.-old date palms of Zahdi cultivar, the leaf area of the upper, 
middle and lower regions of the palm crown were measured. Leaflet length 

gradually increased from the top of the leaf to the proximal end. Basal lea­

flets were longer but narrower and of smaller area than the wider leaflets in 
the mid-portion of the leaf. There were no consistent differences in the area 

of leaves from the various regions of the crown. Total leaf area calculated 

as leaflet length x maximum leaflet width x 0.84 x number of leaflets/leaf 

agreed with total leaf area measured with a planimeter. 

Breeding 

GUPTA, M.P. Resistance of some promising date palm cultivars against 

rainfall and bird damage. Punjab Horticultural J. 1980, 20 (I & 2): 74 -

77. 

Data were analysed on 5 date cultivars. Medjool was the most resistant 

to rain damage (with no split fruits); it ripened late and missed the rains. 
Khadrawi cultivar was the most susceptible with 78.4% split fruits. Med­

jool cultivar showed the least (0.5%) and Hillawi the most (20%) bird da­

mage. 

SAAIDI, M.; TOUTAIN, G.; BANNEROT, H. & LOUVET, J. The sel 

ection of date palm (Phoenix dactylifera} for resistance to bayoud disease. 

Fruits 1981, 35 (4): 241 --- 49 (Fr with En, De, Es and Ru summs). 

Data were collected on the behaviour of 32 date palm cultivars which 

have been under observation for up to 14 years. Bou Sthammi Noire, lk­

lane, Tadment, Sair-Layalet and Bou Feggous ou Moussa are so fac com­

pletely resistant to bayoud. Selections have been made of individuals re­

sulting from both natural and planned crosses. Encouraging results have 

been obtained in preliminary work on the micro propagation of promising 

material. 

Physiology 

CARPENTER, J.B. Lethal disorders of unknown cause in the date palm. 

Third Meeting of the International Council on Lethal yellowing. Fort 

Lauderdale, USA; Agricultural Research Centre 1978, FL- 78- 2: 33. 

The symptoms of rapid decline (rhizosis) of date palms in California, 
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fayoun in Mauritania and al- wijam in Saudi Arabia are briefly described. 

MOHAMMED, S. & SHABANA, H.R. Effects of naphthalene-acetic acid 

on fruit size, quality, and ripening of 'Zahdi' date palm. Hort Science 1980, 

15: 724- 25. 

Pre - harvest application of naphthaleneacetic acid (NAA) at 10,20,40 
and 60 ppm to immature fruit 15 - 16 weeks after pollination influenced 

pomological characters of Zahdi date palm cultivar. The treatments with 
40 and 60 ppm NAA increased fruit size, weight, volume, pulp to seed ratio 
and moisture content and delayed ripening by at least one month compared 
with untreated fruit. TSS were not significantly altered. 

(See also Date Palm J. 1981, 1 (1): 145). 

Producrion 

GUPTA, M.R. & THAT AI, S.K. Storage of date pollen. Punjab Hor­

ticultural J. 1980, 20 (3 & 4): 211 -- 14. 

Pollen was collected on 18th March in two years; dried in the sun for 6 

hours and in the shade for 18 hours, and stored in the corked phials at 9°C 

or at room temperature forup to 8weeks. Fresh pollen gave a higher fruit 

set than stored pollen. In one year pollen stored at 9°C gave higher fruit set 

than pollen stored at room temperature, but in another year fruit set was 

similar irrespective of pollen storage temperature. At low temperature, 

pollen viability was 99% at 8 weeks whereas it declined to 95% at room 

temperature. 

HUSSEIN, F.; MOUSTAFA, S. & MAHMOUD, I. The direct effect of 

pollen (metaxenia) on fruit characteristics of dates grown in Saudi Arabia. 

Proceedings Saudi Biological Society 1979, No.3: 69- 78 (En with En & 
Ar summ.). 

In 2-yr. trials, the dates of Nebut Seif cultivar were pollinated with pollen 

of 4 different cultivars. Pollen of the Barhee cultivar increased fruit size and 

yield but did not increase the percentage of top grade fruits. Shalaby pollen 

gave the best results with regard to fruit quality. Data are tabulated for all 

variants. 

MOUSTAFA, S.; HUSSEIN, F. & ELKAHTANI, M.S. Yield, fruit qua­

lity and ripening of "Sukhari" dates irrigated at different intervals. Pro-

311 



Docume!lfation 

ceedings Saudi Biological Society 1978, No. 2: 7 -- 16 (En with En & Ar 

summs.). 
In 2-yr. trials with 12-yr.-old date palms growing at 10 x !Om, 400 mJ 

water/ha was applied 8, 4 or 2 times/month. Yield per palm was slightly 

higher under heavy irrigation, but the percentage of first and second grade 

fruit and fruit quality were appreciably higher in palms receiving the lowest 
irrigation rates. Heavy irrigation also delayed ripening of fi·uit. 

• SAAIDI, M. & TOUTAIN, G. Transplanting young date palms. Fruits 

1979, 34 (10): 623 - 24 (Fr.). 

Date palms of several cvs. grown for two years in the nursery and well 

rooted with 2-8 new fronds were transplanted either with a root-ball and cut 

back to 0.5 or 1 m, or bare- rooted and cut back to 0.2 or 0.4 m. The root 

-ball of soil was obtained by cutting a trench 30 em wide around the plant; 

the ball was then wrapped in hessian and carried to the planting site in a 

large container or a further hessian wrap to prevent disintegration. Only 6-8 

such palms/day could be lifted by one worker, compared with 15-20 bare­

rooted palms. Four years after planting the average percentages of suc­
cessful establishment were 54 and 82 for root -· balled palms cut back to 

0.5 and 1 m, and only 32 and 23 for bare - rooted palms cut back to 0.2 

and 0.4 m, respectively. All rooted- balled palms of the cv Iklane survived. 

(Abstract taken from Horticultural Abstract verbatim). 

Propagation 

BEAUCHESNE, G. Interest of in vitro culture for vegetative propagation. 

Comptes Rend us des Seances de l'Academie d'Agriculture de France 1980, 

66 (8): 638 - 49. 

A discussion, with reference to several ornamental and vegetable spp. 

Problems caused by Xanthomonas per!argonii and Corynebacterium fa­

scions in pelargonium in vitro culture are outlined. The production of 

50,000 - 100,000 date palms in 2 years is foreseen. The interest of the 

technique for saving rare plants is mentioned. 

(Abstract taken trom Horticultural Abstracts verbatim). 

POULAIN, C.; RHISS, A. & BEAUCHESNE, G. Vegetative propa­

gation of the date palm by in vitro culture. Comptes Rend us des Seances de 
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!'Academie d'Agriculture de France 1979, 65 (13). 1151- 54 (Fr with En 
summ.). 

When tissue taken from the soft parts of adult date palm offshoots (cv. 

Bou Feggous) was cultured on a Murashige and Skoog medium with the 

addition of auxins (IAA, IBA and/or naphthoxyacetic acid at 0.5 -· 5.0 

mg/litre) and cytokinins (6-furfuryl-amino-purine [kinetin I at 0.1 - 1.0 

mg/litre), buds were formed after 3 months. When these buds were tran­

splanted to a medium where the cytokinin was reduced to 0.1 mg/litre 

isopentenyl-adenine and the auxins modified to I mg/litre naphthoxyacetic 

acid, 2 mg/litre IAA and 3 mg/litre IBA, the plants rooted. The plants were 

later planted out in well-drained compost under grass. 

(Abstract taken from Hoticultural Abstracts verbatim). 

RlcllSS, A.; POULAIN, C. & BEAUCHESNE, C. in vitro culture for the 

vegetative propagation of date palms. Fru!ls 1979, 34 (9): 551 -54 (Fr). 

Shoot-tips from cvs. Bou-Feggous and Bou-Sthammi offshoots were 

propagated on a supplemented Murashige and Skoog medium. Plantlets 

formed roots, but the roots rotted due to poor substrate drainage when the 

plants were transplanted with a view to growing them on under glass. 

(Abstract taken from Horticultural Abstracts verbatim). 

SAAIDI, M.; DUVAUCHELLE, G. & TOUTAIN, G. Propagating date 

palms. Study of some factors affecting rooting of date palm offshoots. 

Fruits 1979, 34 (9): 556 - 61 (Fr). 

Seventy eight percent of cv. Bou Slirene offshoots rooted whereas with 

cvs. Tadment, Iklane and Bou Sthammi Nair the percentages were 64,53 
and 31, respectively. There was little difference in the rooting ability of of­

fshoots weighing 3-5 kg, 5-7 kg or 7-10 kg. Irrigation was an important 

factor. 

(Abstract taken from Horticultural Abstracts verbatim). 

SHARMA, D.R.; KUMAR!, R. & CHOWDHURY, J.B. In vitro culture 

of female date palm Phoenix dactylifera L. tissues. Euphytica 1980, 29 

(1): 169 - 74. 

Roots, leaf petioles, short tips and immature fruits formed the source 
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material for in vitro cultures. Isolated embryo excised from mature seeds 
were also cultured. Some of the leaf petioles and fruit mesocarp gave rise to 

calluses in Staritsky's and Eeuwen's media, whereas the isolated embryos 

produced seedlings in Murashige and Skoog's medium. Although calluses 

were established from seedling segments, no shoot regeneration could be 
induced. Browning of the tissues and media was partially overcome by 
adding charcoal to liquid media and cystein to solid media. 

TISSERAT, B. & DEMASON,D.A. A histological study of development 

of adventive embryos in organ cultures of Phoenix dactyliferaL. Annals of 
Botany 1980, 46 (4): 465 - 72. 

Callus cultures from axillary buds of 2 - to 4-yr-old offshoots of date 

palms yielded plantlets adventitiously. Adventive embryos originated from 

meristematic cytoplasmrich cells located in the epidermal and adjacent 
sub-epidermal portions of the periphery of callus on a basal medium sup­

plemented with 2, 4-D and isopentenyladenine (IPA). The formation of 

adventive embryos is described. Morphogenetically component cells pro­
liferated into globular proembryos which differentiated into bipolar struc­

tures. Transfer to a medium devoid of hormones enhanced embryo 

development and promoted plantlet growth. Comparative studies between 
zygotic and adventive embryos in various stages of development are de­

scribed. Production of plantlets from callus might offer a more rapid means 
of cloning superior genotypes. 

(Abstract taken from Horticultural Abstracts verbatim). 

TISSERAT, B.; ULRICH, J.M. & FINKLE, B.J. Cryogenic preservation 

and regeneration of date palm tissue. Hart-Science 1981,16 (!): 47-48. 

Embryogenic callus cultures of date palm were subjected to 0,- 15,- 23, 

- 30 and- 196°C for up to 3months in the presence of a cryoprotective 
mixture of 10% polyethylene glycol, 8% glucose, and 10% dimethylsul­
phoxide. Revived cultures developed callus and plantlets. 

Processing & Products 

HASEGAWA, S. & MAIER, V.P. Polyphenol oxidase of dates. J. Agri-
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cultural & Food chemistry 1980, 28 (5): 891 - 93. 

The extraction and activities of polyphenol oxidase from Deglet Noor 

date cultivar are described. Each fruit contained about 0.39- 0.43 units of 

enzyme activity at the early red stage of ripening and about 0.4 units when 
harvested at the late ripe stage. 

HASSAN, H.K. Preservation of high - moisture dates (rutab) by antimi­

crobial agents. Pal'Tl & Dates Research Centre Technical Bulletin 1979, 

No. 2: 9 pp. 

Dates of Khadrawi, Berben and Teberzal cultivars in the rutab stage 

were washed and dipped for one minute in solutions of Ca - propionate, 
N a - benzoate, S02, K - sorbate or dehydroacetic acid or their mixtures. 
The rutab dates were then drained, packed in transparent plastic cups and 
inoculated with the storage pathogens Aspergillus niger and Sac­

charomyces rouxii before storage at 18-25 or 2-5°C. Potassium sorbate 

was the most satisfactory of the single dips. At 2% concentration and low 

temperature it prevented fermentation for at least 14 weeks except in the 

case of Berben cultivar. Of the mixtures, Na- benzoate+ S0
2 

and Na­

benzoate + Ca-propionate prolonged storage life at 2-5°C upto 9 months. 

JADDOU, H. & AL-HAKIM, M. Gas-liquid chromatography of 

trimethylsilyl derivatives of sugars from Iraqi dates. J. Agricultural & Food 

chemistry 1980, 28 (6): 1208 - 12. 

Ninety-five percent ethanol was used in the Soxhlet extraction of sugars 
from semi-dry dates of Zahdi and soft dates of Sayer cultivars. The sugars 

were converted to trimethylsilyl ether derivatives for gas-liquid chromato­

graphy. Fructose, a - glucose, J3 - glucose and sucrose were the major 

sugars and small amounts of sorbitol and sorbose were found. 
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Protection 

RATTAN, S.S. & AL-DBOON, A.H.A. Notes on fungi associated with 

date-palm 1. Sydowia 1980, 33: 246-64 (En). 

Ten pathogens isolated from standing and fallen trees around Basrah are 

described. Notes on cultural growth characteristics, ability to decay and 

• temperature studies are given. 
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CONTROL OF THE LESSER DATE MOTH (Batrachedra amydraula 

Meyrick) BY PESTICIDES IN BAHRAIN 

ABDUL JABBAR, A., A. ALI, & H.S. EL - HAIDARI 

ABSTRACT 

The lesser date moth is a major pest of date palms in Bahrain. An ex· 

periment was conducted during 1981 to evaluate the effect of five pesticides 

i.e. Actellic, Malathion, Ribcord, Dipterex and Somithion against this pest. 

It was found that both Dipterex and Ribcord are promising pesticides for 

the control of the lesser date moth. 
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quired different conditions compared to those used for the shake flask 

system. Some improvement in the yield of citric acid was achieved as a 

direct result of the use of corn oil as antifoam agent. The efficient aeration 

and agitation of the culture increased the yield of citric acid up to 72% i.e. 

10% higher than the yield obtained in shake flask system. 
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SCALING UP OF CITRIC ACID FERMENTATION 
USING FERMENTERS 

ZoSo AL- OBAIDI & DoRo BERRY 
,\griculturc and Water Resources Research Centre. Department 

of Palms and Dates. !Jaghdad, Iraq. 

ABSTRACT 
A successful attempt on the scaling up of the fermentation process by 

using 5 lit. fermenter was made. The scaling up process by fermenters re-
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PE ··~1 .lol.:..i fJ' 
(PE.u.) g x 1000 

0.626 

0.712 

0.436 

0.207 

0.214 

0.170 

~j~l ,1,\.:..j J..~,u : (2) JJ~ 

~J PPO j!~JI J_,.:._j l)y, 
J.:--1_,-ll J~ PE _).!_;;..,1 

J 0 11 ~)I 

.,r _,.;.! I ,l. l.:.;J I 

PPO f_ti~ 
~_..11 

rW I o-"'" J 

(100 x) .:r.iJ.r. 

4.557 l!.ly,~ 

29.491 <$~ J/,rl <., '1.:..11 :U,...)I ,y 

65.736 <..>~ 4..;1.:..11 <., H :U,... )I .. .. y 

23.173 J)\>-

12.706 J) 

17.434 y. 
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...A.Jt;.i: tri f.!- (25, 6) .by__,.,.jl Jil .) (-)':II ..!.i_,L J.ily ~I • .;.... ,JI 

(!) ($JI~I_, ($_,~;;..;<.!_, , ..:t..r.JI_, , ($....,.) J.:i'i Jil .) ~ J_,...J-1 ( \.. 

.) (6) ..::-~1 )..IS :u.;_, ~I 6.A....)oJI JUI Jl .!.JJ) .) ~I )yv_ ..;_, 

. u J.All .!J,.\; 

..::- ':1 _,.:.;.Ajl ..:;., l,S r ~ ) y.-_, J I ) yv,. ..IJ (-)~I J. \.!,; ¥ ...,..,...... .J I 

($_r-:l.l ;;.b. J" .; ~_,~1 0~1 Y.~ _; ~ ~ (24, 14, 10, 9) 4.J.::>..ll 

. (-)':II J. \.!,; ._,.;. LUi. I •-'/ J.i ly. 1.:.... _, 

' . (!! ..IJ .:,;..\...S_,I J~ .Jy. (_;':II J.L!,; J.>..o.o 01 2 J_,41 cr ~J 
. ($~ J_,~l ~l!ll :;.1.. _)I .; .wi 
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':) ~\ _; .. }~\ Cr- Milliequivalent ul...~.U • .::.d.L.>y:l.ll ~.;s. Ji Jly 

' '-::Jl:ll 4.bl.J I JiJ 4:J (-}~I .11.!.; .r..>Z ~\.)I i~U I ,:r t I_) jSJ w..>JI 

ml NaoH X Normality 
(PE.u.)g = ---------­

Weight of sample (g) x time (min) 

· .;.,~L.,.,.U ~ 1000 X i~~ ~l:JI y ~J 

: 4-:.i l.;.ll ~ 1;;.;) I 

j:!~JI J~ ~.r.JI p.il(l) 

4.!:.. J~ lJ. .;; . · I .!) L:l.l 4.!:.. o ~ · · ~ I .11.!.; i .L :;- .,.) t:-'J) :J-1' :;- \:' (J' ' 

.,) ..!JJ~J , 4-:-- ~WI ~WI 4.!:.. .)I J~ .U J.t.:.; ~i (!; ~ <.?A' 
~) ~J.J'I ~/o..I>J 84JI J.,.:>J ~~I~ _rs. s-iloJI (r-'~1 

, ; a··. ,r , p;~ l:f _,;)1 .1 ~I .j <.,f,:.J.;; ._,..;~I ..!.)J; t:'J ( 1 JJ~ J I 

. ·l\4..l,.. ~I· • _;; ·~1 0~ .h....., \;.;I 1~- ~ ,JY\,;1.1 .r-' :;- ..... <.? <.,f,:.J if . ' t' ) ..r- ' 

<.,?.a)l 1 11 ':) .U,l!.; l..li '-fl.!.; <.,?JI~\ 1 11 .j (-}~ l:f_,:JI .1~1 .)I 

. (3) .r.UIJ 

~-""':! ~J <.$~ ~ l;j\ ~__,; L:JI 4.!:...) I ~ p;~ I ._,..;~I ..,..,..... 0 i ~J 
_ml; Jl <.$~Y JIJ 4Yl,;l.l J>-1~ -.,.,~1 u~lA:JI .j (-}~\ .!llj.:':.l Jl 

~ly: ':) 4Y\,;l.l .)\J~ .j ~I J_,.a>- ~ :t.,..l> 1 1.-:JI ~ J.-WI .J.)JI 

(26, 4) JY\,;1.1 -.,1-~;J <.?A' 4..l:.._r 

j:!'"""'l ~I p.il (2) 

~L:J14..l:...)I..J ..:·· .j .U .1\.!J ~i (!;J ~ 1....;.;:;- (-}~\ .11.!.; i.~; 

.,f.J..d\ ._,..;~~~ i.~; ( (~1 ~ C;'UI (r-'~1) <.$~ JJ~I -

~l.,: ,r <.,f,:.J.;; ._,..;~1 ~ ~)1 ;;,J,..:;- ~ ~ t_LO.;) t: (2 ~) 

. ~I ;;,J,.._r 
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l>L:.JI ui..L..>-.H o..L..>- ili Specific Activity f-})u <,{_,JI l>L:.:JI t..i 

(-}~I ~ <./' .,f..}~ I .1. l:,;JI •o..~.> J ~ , 0 J ;JI <f r J5' ~ -,f_}'ll 

. 4 ;;,_.; 0 I I 0) .!.A,. '-"" l..,a.;... '11 ~ .::'U .:., I -'> '1 ;;,_. j )U I 

:j,!_,.:;..i ~ (-J'SI ~\.:.; (2) 

o J_,....:;.\ I ~ _t!J lS:.il c;' ~ I <..!"' Lj ~ (-} '11 U"' ')\;.;:.....1 ~)> .>....::.N 

~ c:, ;;.._,L..o ;;_,)~..;,I:,, oJ.<.l! ......;, ~4 .. :.JJ:>;, r.J~I J--9 ~ 
..;,t;L:-J10~ ;.,_....:J4 7.5\.J~ \.. W~; '~lA;JI f.!:i.Y' ~ ~))..\;LJ,I ~)1 

. ( 13) 

J\;JI 0-' ~ IOO<J"x. (5) ~~I U"'y\.;..;_.1 ~~I LA-._,kJI ~J 
o ..U Blender ._il _,.. ~ )>.All 'U I <f ;,JJ..o 100 C: :C,: lp o J~ ;;,;...:..J I 

<f ;,J.l.o 20 <.>L.;I t: , ~ ~ ~ <..!"';fi-ll <f ~ 50.>..;...\ ( . ~o 
'-1)1.;L4 "-':'Y.J ,)>.All ,u1 .r ;,JJ..o 30;8.8% :r..5' ~ iw.JI & J# 
e;:'__;....ll ~JJ..\;lJ,I ~)I~. '-;p 30 ~J..\; JL. it.;.. J-b ~WI 

<f ;,JJ..o 50 ._; l...a.: ( 0.0 1 '-;}:~"'! i-''0 _,...a.ll .J.::-5' J j..W. J ~ 4 7. 5 ~ 

(Apple Pectin, 250 Grade BDH Chemicals Ltd. 2% :r.,5' ~ ~I J}-<! 

~~J , l.a,i 7.5 Jl ~l,.. ~JJ..\;lJ,I ~)I Jol.,; Product No. 38052) 

~ :iWWI ..:.JJ. '-;p 30 Jl f.!:i.)l o)r- ~Jo J.a.' ~ ..:..;_,JI ...,.,L_.;; 

~I..::...,....>;, J;~l o_r.JI J)l!JJI JY\.> ~lA;JI f.!:i.) ~JJ..\;lJ,I ~)l 

. vP _,.<]1 ljj, ;,.:... ;;,_. jJIJI 

I.Ji. J\;JI <J"Jft' ii..G..:...II.J;o ,~ r_:,;}. ~,~WI ~_,kJI~J 
..:.L\,; J , ~I wo L.J ;;,_. j )U I poo _,...a.ll .J.::-5' J J~ ..;, I ;,J.l.o oJ.<. .J;; J yi.JI 

;;,_. j )UI poo _,...a.ll .J.::-5' J J~ ..::,. I ;,J.l.o oJ.<. J"i , ..h,...aJI J _,.1-<:. :Uo L.J ;;,_. j )U I 

. {J ~ I J..A., o J_,....:;.\ I oo }-J I J.-5' y. J lS:.il ..::,.l;. Y' :Uo L.l 

(P E. u.) g L!. Y...,. ..r-!. ~I .,f...:,.._; '11 .1. L:,;J I ..;, I ..~.> J :U '1..1; (-} '11 .1. L;;.; J...; J 

10 



•~ J')V.. C:'jll ~J i. :isL. .....A.....; ;..u ~')\!)1 J>l~ :is_,.;_,.. ,~L;;... 

;_rs. :is _r. , ~.r.-11 c?:f _)I ~}:J~ ';-'1)1 J...o.jJ , ~i..:JI ~ic9 if' ..:;.,~ 
if' ·~J.) ~1)1 .i.>iJ ;;.,_;... 4~J-'IJ .;:th ;_rs. ;..u 4..ij.JJ~ ;JJ~ J':IT 

. · '':I I .1 t=..: ~ , -1~11 P' .- c-

p; ~I .» l.:.i ..,..l_.i . 2 

<.j':"Y' J~ <.J"'l..,.o;:..':/1 ·~~j ...,..y.; Optical density ~_,....;..JI :U\!.SJI .:..:...:;>­

.f_,....;..J1 ....iJ:JI ...,..L_.A.. .JLp,. ri..G..:....~ ~ 3o ~J-'IJ ~_,.a; 400 .)1 ...... 

Perkin Elmer 402 Ultra violet-Visible Recording Spectrophotometer. 

~ _,ll :rS .r-' .) c:4 JJ . • ; _;, I I"" 2 ~ Yl ;;,.. )JI :is .r' ..::..; l5" J 

rSJ <.?~ (Buffer) ~I ..::..l..i...._,AJI J_,.J..: if' _...._IJ .r.:Jl.. Reference Cuvette 

J~ts:u <../'J (-)':II ~ J.....: <f1 •~u1 '-"' ....... 1) .r.:Jl..J 6.2 ~JJ-'1"" 

Sample Cuvette ~I J .r L.i . J':JY' 0.1 f? P. (0-Dihydrox benzen) 

0.3 J J~ts:.JI if' _...._IJ .r.:Jl..J ~I ..::..l..i...._,AJI J_,.J..¢ if' .r.:J1.. 1.7 c?J>.J 

. :is _r. if l..,.o;:.. ':/I ~J , \,->;,IS' (.f. . v"i;,..- I I {-) ~ I if' .r.:J1.. 

: ~Jfl.l ~J.A; . 3 

• _,....;..JI ...r' l_.A.. jlp,. ._) ~I J_,j ~':/I ...r'l:-f Js- :i..i_, ~I .4..::A.> 

{ ·C::.r$ _,kA.li.UI Jj,..::...~ ~_,;t; 260,280•)..\A.. if:'Y' J~ ~I 

Js- <$J lJ.I v"- I;.- I I .:r-' .!...> I J .r.:J1.. ._) 0 J ..r.JI ..:;., L.I_,.;J.I.. ~~ ":" l...,... 

mg/ml Protein = 1.45E280-0.74 E260 

v~~ 

(12) :i:JI;JI :i.bl..J I ~ 

Js- 260J 280o)..>.A.. <.j':"Y' J~ ~~I ..r"L,.;:..I J!.' E26o'E280~ 
. ._11_,.:;)1 
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0-~.::.. ,j J c_IT.'. J. I 

JY\>- 01.1) :i;;... ii--~ (l)J_r. ,c,?jL;_> ''-?JI~ ,<.,?J.Aj :0:1~ 

j;--l.r t~ r-J:ii j,L;;_; ;~~j .b-_,J .>..9J ,JI/JI ~J _,...J w.:s...\1 j;--1)1 

. w.:s...\1 0:/YlJI 0, J')\:J..:/1 ~ .b-y \2 JI/JI ~J _,i. 

: ~- II J__.h)IJ .) \yll 

~ ~UI ..::.,~'JI <.6:. ~ <.,?JI~ :UYLJI J~.:J Cr' 1:.:,\;Ji 0ii-.l 

.j>-J ,~1 .!..o.; t,._,.,...i 0~1 ~J. ,1~ _ ~lp)l ~ :L::....,1J :i,.WI 

U \;w, I '· I I " . · I w.:s.J I 1-i I I ;;.,.,.,_; · \i :(1... 4,1 · . )'<"' ~J .r-- u- .r .. r..S~J ._,....- .r .. "r 
. J I_,..J I '":"' ~ .j '":"'_,..!I .h.; :i.A.k;... ~ ~ 

' j.!J...S"JI d~ ~y, p.i':/1 ,1:,\:..i ~ ... .!)~ (1) 

~1_,.. Ji,..:;...~ 'J~I 0l,-5")l ~ ~ r-J:II cr"'~l :(.;_,_). J..,::.,U 

..;\ ~ (14) PVP 0J..WJA ~ ~y,JI ,i PEG J~"% ~I ~_,.,)1 ,Y... 
:UJ+-1 ~:,, '(-):II ~ ~ 0~ :II t I .,G.,;;,.., I .;.;s. PEG o~L.. Ji,.-;:.-1 ~ 

. <LJ t.r~J:, 

: p-i':/ I ~")\.#..:;. .. .! . 1 

'J"~I ~ C: (2) j_}:JI JIJ ~ (-J'JI cr"'~l :(.;_,_). ..:,....G..;,..,\ 

, ;;_;1p oJ,..a; , JI/JI Cr' 0l.ol_i or ~ ~:,J . (3) J_,...:;ll (')I:; ,_f 
01p':l1, J:Jl:>...ll ;;.;ts" ~) ~~ Cr' .~, J.>l~ , ~j> 0,L. ~ ~J 
or 01 ;.J.L ~ C::-" ( ~~I <I~ I or p-~ J..i o.>....::J I .) o\, •· II 

0~ 'J1 <f 0\j.J.L :;,_;... ;;.;L,PI f , ~~ o..U 20%~ J..i PEG (20,000) 

<.,?§)I ~)>.II j~ .) c:<'JJ '<..?.:5 )I ~)>.II ..,.,_,.,.;i Ji e')l y;, . >,r..l.l 

, ~JJ~ OJJ> J:i\ or '-s-r. .Y\.9~ r o..U SORVAL-RC2-B >,r..ll 

J~ { ~Y.J.I0~'J~ 0.r ":--1)1 ~J ~1)1 ~. ;;,_y.. 4~J-'!J 
5.2 ~JJ~lA. r'J ,:, Acetate Buffer ~I 0~1 J,# <f ;,Jl.. 25.0 

:U.Y\>- Ji,..:;...~ ~I ..!.1~1 C: ~I Cr' .~_, .b~ ~ ~ Ji ~J 
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, ~~~ ~ :Vl.; , ~l:JI ;\.!)1 .) <Jfi.; ~ , .1~1 ;_,...:)1 .) ~~~ <Jfi.; 

lr i ~ J~ l.t , lr. W"" l.ll.l ..;.:s::JI .jW ':1 ..;., ~ l:JI l,) }i , w l:JI ; \.!)I .) \.. l 
;1_; .... 1 ~ .) JJ~ ..;.,l_,f;:JI oll<Ji ~ ~ , '-<J~ .;.,I~ ,.,:,,;\.~ 

...,_J~I .) 'lJ_;..... )-! ... 1 .... $) J_H .J_,.,JI p;1 <Ji ~J . ;_,...:)1 o.:U .) <J}JI 

. (16) ;Y :us'~ :V':>WI ;_,i .) .;_;;':II <J}JI ;I_,..... I ~ 

·:us'~ :V ')WI ; 11 .) J ~I o~.,~.o.;,o ..;., l,5",) I '-:-..5' .) ..;., I _,f;:JI 6....1 ;~ l,) I 

j.>l,)l J~ J.<; ~~ J~l •~.,~.o.;,o ..;.,t,s" ,)I <JI ~Ji ..U (18) ;y 

'i.r:/·.'1 :U,.. .r if ~1.:.!1 ..;.,~l:JI ~b_; ~, <J.).IJ ~IJ _,...:)1 if :t.J.::.;..11 

J-:: ':1 (, o.r:JI ~ JI(S'I ,y- J~l :u... J' if j.<;J , J~l :u... .)"' Jl 

r~ ~l~.:,:i , ~1.:.!1 ~ ..;.,~l:JI \..l .<J,)-1 .L:JI ~ .) ,l;_,..l. ,r.-iV . ' 
~1.:.!1 ..;.,~l:JI<JI ~ J~ 1.t ,<J_;.;L.I .);S J.<; trl ':1!, o,;...:.JI ~ j.>I.J"' 

. o,;...:.ll ~ J~ ~~~ ~ ..;.,~1.7 Jl J_,.,..;; 

..I:J'y;Ji ~y; ~ ~l.:.ll.:r....;l:-pl.lp-1 if ~)4 ..,;i ~J JJJ 

~ ~ ~ ':1 1.5" ' j-,!J...-,$" J i J _,...;..,J .J .H p; ':14 ;~ ':1 ..,;i ,;}-~ J) 

. ~_,.,)1 ..;.,~l;JI ~ Jl ~J"-1. ..!.U~ <Ji ~J (19) ~1.:.!1 ~ u~l:JI 

.._..;~i <./'~I .) p;~l ~ ~ .,r1 J~l o~.,~.o.;,o ..;.,t,s" ,)I <Jl """:-JJ 

. Monocaffeoly shikimic acids ..!J,_#I...UI 

;;; .,r1J ·•.;...:.ll ~J r1; ~.Ai. .J 4 .J.!..r-'-1 ~ p;':ll u;~ <J! 

~I ~ ;_,...:ll rl} ~~I if ~I (8) ;_,...:ll ~y ~ ,r.-:5' ..1> Jl 

~_;;i ul~ ~~ _,...:)1 if :i..J.A;... j.>I.J"' .J .1~ &. ~ '-<JIJ.IJ 

I.:U .J ~ .r ~l::,; ~~ ~ (23),).!;:.....1 ~ p;':ll if ;cjl&. ..,_.....; ul~ 
.J~I 

\.S" , ~ 1)1 ..;., l;l:-:JI ; 11 if ~.WI .) j-!;:.....1 ~ p; ';II .l.t::.; if;~ ...\A.! J 

.... ~ 1-1 J~ .U.l!.J J :U....IJ.I ..;.,l,.v..:JL ·:t .. ·. W ul..l ~..::.... i v ~.)"' " - ·~- ) .. r. 
~I.) (..)':11 ~ly 0,;":' \.S" (25, 22, 20, 11, 10, 6) <J.).IJ ~IJ _,....JI 
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development. The activity of poly phenol oxidase was very low during the 

early stages of development, and increased gradually, reaching its peak 

during the 12th week after pollination, with a specific activity reaching 84 

unit/mg protein. The activity decreased gradually afterwards and increased 

towards the end of "Khalal" and "Tamar" stages. 

The activity of pectin estrase was high during the early stages of fruit 

development, then increased gradually, reaching its peak, 0.9 (PE.u.) g. at 

the 7th week after pollination & decreased gradually till the beginning of 

second "Chemri" stage, & remained almost stable till the last week of this 

stage, followed by a gradual decrease, till the full ripening of the fruit. 

: :\..J.ii.ll 

~ o..>.;~ ~IJj .,::_,';!')L. Phoenix dactyliferaL.~I ~ &" <$,~ 

'-:JWI ..jl.,~l .J' 25% ~ ~IJ , '.)~\... 455 ..:_..- _;Sl ,:..LIW, , JI;JI 

~ .,::.,';I~UI ,.:u, ~ 0~1 C? '-:JlS" .,::.,L!J, ~_;; ':!J . (27) L._;.:; 

) I•·IJ .,::.,\,; <". I \_ .. I';,;· , .,::.,Li~ ,l,r,-1 o.?-J J\; \.;,;:, ·..-3 ~ _i \r' ..,..,.-~ .. .. I,., '-' 

. ~ j5J ~\,; .,::_,1,.;,.., .N . ..J..i l.J,~\>. .J' ~· 0i ~ ~I .,::_,':J~LJJ 

.J' .U U Poly phenol oxidase (PPO) _J .. l.-5) J_,;,.i J._,.,ll (,;1 ~I ..W 

;,.;...;;.. .,::.,L,S _,11 o..L.Si ~ r.}~l li.o ~. :,1 , )\,;JI J,J ..>.;..Jd' c,l ,rJL­

~ ;;.;~ '.,::_,~L..i.; '-LL J.>.!.i ~~J Quinones .,::_,\,;_f,>,S Jl J,..:.,AJI 

. (21, 7) ~I lr _,.1 J\,;Ji ~ ~I • I_,....JI .:C~ ~U I 

}.r ..... ':!l :~; ~~ }1 0} ).r--1 Jl c?,Y ;;...Jui ;;,;~\,; ..!JW,J 
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ACTIVITY OF POL YPHENOL OXIDASE AND PECTIN ESTRASE 

DURING DIFFERENT STAGES OF GROWTH 

AND DEVELOPMENT 
A.Z. JARRAH, & N.D. BENJAMIN 

Agriculture and W<ttcr Resources Research Centre. Department or Pal111s and Dates, 
Baghdad. Iraq. 

ABSTRACT 

The activity of PPO & PE were studied in date Fruit, Phoenix 

dactyl![era, L., CV. "Khadrawi", during different stages of growth & 
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