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EDITORIAL 

This issue of the Date Palm Journal contains 8 research papers, a short 
communication and a section on documentation. Propagation by offshoots 
is slow cumbersome and expensive. Tissue culture of date palm has there­
fore attracted considerable attention as a convenient means of mass mul­

tiplication of desirable varieties. Zaid presents a review of in vitro browning 
of tissues and media with special emphasis to date palm cultivars. 

EI-Shurafa reports on the amount of minerals annually lost by way of 
fruit harvest and pruning of date palm trees to plan a precise fertilization 
programme for date palm orchards. Hussain et al. present the effect of 
spraying the infloresences on date palm with pollen grains suspended in 

Boron GA 
3 

and glycerin solutions on fruit set and yield. It was found out 
that the influence of pollen suspended with Boron and GA 

3 
on fruit set and 

yield was not significantly different from other media like glycerine-sucrose 
and water. 

Bukl)aev et al. present chemical analysis of frond bases of date palm 
leaves to study the reaction of chlorine to understand the bleaching pro­
cess. 

Mutlak and Mann has studied effect of microwave heating to control 
deterioration of dates in storage which results in undesireable changes in 
appearance, taste and food value of dates. El Mubarak Ali and Osman· 
have reported on the industrial utilization of Sudanese dates at various 
stages of maturity to prepare jam. 

Carpophilus hemipterus L. is an important pest of stored dates in Iraq 
and various methods are employed for control. However, some undesirable 
effects are associated with the use of chemical insecticides from pests 
developing resistance to insecticides and residues which may result in 
health hazard to consumers. AI Azzawi et al present the effect of high 
temperatures on dates with different developmental stages of the pest. AI 

iv 



Hakkak and co-workers present part III of their series of papers to study 
the use of gamma radiation on Ephestia cautella (Walker). 

Howard et al. have reported that Zahdi, Deglet Noor and Thoory date 

cultivars are susceptible to lethal yellowing grown in southern Florida. Full 

text of the study will be published in the next issue of the JOURNAL. 

Mohan (of the Regional Project) presents abstracts of research papers 

on date palms and a glance at the papers presented at the first symposium 

on the date palm held in Saudi Arabia. 
The Regional Project endeavours to provide through the "Date Palm 

Journal", information and views that could assist in further developing and 

strengthening the date industry and improving the returns to farmers, 

handlers and processors of date palm products. 

The Editorial Board welcomes from readers any suggestions for further 

improving the technical standard, presentation and usefulness of the 

Journal. 
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M.M.A. Khairi 

Chairman, Editorial Board 



NOTES FOR AUTHORS 

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

Project for Palm & Dates Research Centre (NENADATES), 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 mar­

gins) on one side of the paper only. Two copies of the manuscript should be 

submitted, 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), 

G) 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. 

247-48. 

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

with strong sweetness. Nature 23 3 :619. 

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

scussion could be combined in one section. 
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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 

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 balck 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 me­

tric tons/hetare or kg/hectare. Any reference to currency should be ex­

pressed 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, 2G 

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 .0. Box 
10085, Karradah Al-Sharkiyah, Baghdad, Iraq. 
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IN VITRO BROWNING OF TISSUES 
AND MEDIA WITH SPECIAL EMPHASIS TO 

DATE PALM CULTURES 
A REVIEW 

A.ZAID 

Statien Centrale d'Agronomie, Saharienne B.P. 533 
Marrakech, Morocco 

INTRODUCTION 

During the course of growth and development in vitro, plant tissues not 

only depleted the nutrients that are furnished in the medium, but also rel­

ease substances that can accumulate in the cultures. These substances, 

such as phenols, may have profound physiological effects on the cultured 

tissues. Browning of the tissue and the adjacent medium is assumed to be 

due to the oxidation of polyphenols and formation of guinones which are 
highly reactive and toxic to the tissues (15). 

Phenolic compounds always contain at least one hydroxy group on the 

benzene ring. Several enzymes which are widely distributed in plants oxi­

dize phenols to guinones e.g. monophenol oxidase (tryosinase) and poly­

phenol oxidase (catecholoxidase). During the redox reaction, the hydroxyl 

group is oxidized resulting in the formation of guinone and water (14). The 

same authors (14), suggest that other inhibitory actions may result from 

the bonding of phenols and proteins and their subsequent oxidation to 
guinones, such as the loss of various enzyme activities. The phenols and the 

phenolic oxidases of intact tissues are apparently situated in separate pools 

or compartments within the cell (16). Following tissue wounding or 

senescence, these pools are integrated and the oxidation process is initiated. 

Pelletier and Ilamin ( 18) working with tobacco demonstrated the exis­

tence of two major periods of intensive browning; one within the first 10 
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days and the other after 25 days of culture. Drastic browning in the early 

period of the culture may result from some wound or physiological 

changes stemming from the excision from the mother plant. While the gra­

dual browning is considered to be an expression of the process of 

senescence of the explant itself. 

EFFECT OF HORMONES, CULTURAL CONDITIONS 

AND ACTIVATED CHARCOAL 

Presence of certain hormonal substances in the nutrient media might 

bring about browning in cultured tissues, either directly or indirectly. 

Rabechault eta! (21) showed that high auxins concentration, namely 2,4-

D and IAA, delayed the initiation of polyphenol synthesis and reduced the 

subsequent rate of observable browning. The same authors also reported a 

decreased browning when 1% sucrose was included in the culture medium, 
in addition to 2,4 - D. Davis (7), however, suggests that at least in the 

early stages of tissue growth, inhibition may be due to the effect of 2,4 - D 

and not to the release of polyphenols. Cytokinins are known to stimulate 

the synthesis of phenolic compounds (5). Asahira and Nitsch (3) and (21) 

reported an enhanced browning in tissue cultured in kinetin-enriched me­

dium, but lacking ammonium ions. 

Physical characters, as well as cultural conditions may also play a role in 
the process of browning. Raising the pH value in the medium from 2.5 to 

5.6 caused an increased browning (2). Similarly, high temperature inside 
the transfer chamber enhanced the phenolic oxidation reaction, thus in­

creased browning (16). The same authors also reported that cultures grown 

in the dark exhibited less browning than those incubated under light cQn­

ditions. 

Position of the explant in culture vessel and method of implantation may 
be a factor in browning. Dupaigne (8) observed that excised stem segments 

of a clone of Dioscorea batatas produced a marked browning in the me­

dium when planted basipetally, but not when planted acropetally, however. 

Activated charcoal (hereafter abbreviated AC) has been used as light 

adsorber in agar nutrient substrates to prevent light induced growth in­

hibition of tissues (13,20). Proskauer & Hermann (20) attributed the AC 

270 



Browning of Tissues 

beneficial effects to the darkening of the medium simulating the natural soil 
characteristics. However, this growth improvement effect could not be 

reproduced by wrapping the culture vessels with aluminum foil to exclude 
light from the nutrient media or by placing the cultures in constant dar­

keness (28). AC mode of action is through adsorption of toxic metabolites 

released by the plant tissues (10). It also adsorbs gases, and perhaps 

growth of injured explants may be due to ethylene absorption (9). Fridborg 

et a!. (II) using mass spectrometry showed that the media without AC 

contained high amounts of phenylacetic acids: p-OH- benzoic acid; 

2,6-oH-benzoic acid; pelargonc acid; and caprylic acid depending on the 
tissue cultured on it. Whereas the media with AC containing the same ex­

plants did not. Further, it was also shown that p-RO-benzoic acid had in­

hibitory effects on the somatic embryogenesis process in Daucus cultures. 

Addition of AC at optimal concentrations of 1% (Grade G-60) or 2% 

(Merck, A.G., Darmstadt) in the culture medium has been reported (4) to 
apparently prevent accumulation of inhibitory substances in the culture 

medium. Constantin et al (6) suggested that the phytohormones required 

for callus growth and shoot development of tobacco are adsorbed by 

charcoal addition. Thus the removal of hormones from the medium by AC 

causes callus growth to be inhibited severely and shoot development to be 

prohibited. Similarly, Fridborg and Erikson (10), postulated that the ad­

dition of charcoal to a culture medium drastically alters the properties of 

the medium: Hence, growth regulator substances are tested at high levels 
with charcoal included in the nutrient media to obtain beneficial effects on 

tissues (29). 

BROWNING IN DATE PALM AND TECHNIQUES USED 

Date palm, Phoenix dactylifera L., tissue cultures like those of many 

other plants, have been commonly observed to release discolouring sub­

stances into the medium, which inhibit their own growth. 

For date, injury through cutting of tissue is accompanied by secretion of 

the substance into the medium. The intact organ, as exemplified by em­

bryos or whole leaves or tips do not brown and thus grow well in culture 

(22). However, in palm tissues, browning seems to be an omnipresent 
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phenomenon since changing of external factors, such as lowering the pH of 
the medium, or omitting glycine and kinetin, has failed to reduce its oc­
currence (22). 

To minimize browning, Murashige (17), has suggested the pre-soaking 
of explants in ascorbic and citric acid solutions and adding them to the 

culture medium for curtailing the oxidation of the phenolics. Zaid and 
Tisserat (30) soaked their date palm explants in an antioxidant solution 

(150mg/1 citric acid and 100 mg/1 ascorbic acid) prior to the surface 
sterilization treatments. Poulain et a/ (19), rinsed their disinfested date 
palm explants with a sterile distilled water supplemented with the following 
anti-oxidants and adsorbants in gm/liter: cafeine, 2; sodium dichyldithio­
carbonate, 1; and polyvinglpyrrolodone (PVP), 1. Addition of a com­
bination of adsorbants including citrate, adenine, glutamine, and PVP re­
tarded browning in date palm explants (24). Jones (12) added phlo­
roglycinol to his medium and obtained increased shoot proliferation and 
rooting. Addition of other adsorbants to nutrient media such as 
dihydroxynaphtalene, dimethylsulfoxide, were ineffective against browning 
in date palm explants (22, 27). Apavatjrut & Blake (1) suggested that 
browning could be eliminated by a nutritionally balanced medium. Ex­
cision of browning explants parts during culture was also advocated to 
prevent this problem (26). 

The use of charcoal is preferred over cysteine and other adsorbants be­
cause the latcrsare of ten toxic to the plant tissues at higher concentrations 
(25). According to (22), the addition of AC proved effective for a limited 
period only. After one or two transfers the already familiar medium 
browning occured and tissues ceased growth. Zaid and Tisserat (30) found 
that shoot tips and lateral buds cultured on nutrient media without char­
coal exhibited severe browning and growth inhibition. Addition of 3 g/1 
charcoal has caused substantial root and shoot growth of date palm em­
bryos (21, 23). Inclusion of charcoal, as mentioned earlier, reduced the 
availability of hormonal substances. It is therefore necessary to apply an 
abnormally high concentrations of. auxins (2 7, 30). 

Recently, Zaid and Tisserat (30) found that this browning could be mi­
nimized without addition of charcoal to the nutrient medium by employing 
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small explants, i.e.apical meristem, and reculturing them to fresh medium 

after a short period of incubation. Apparently, the most lethal of the 

browning components are ptoduced during the initial culture of the ex­

plant. 

CONCLUSION 

Taken together, the results obtained by date palm tissue culturists and 

their approaches to solve the browning phenomenon suggest the following: 

1) Pre-soaking of explants in an antioxidant solution of 150mg/1 citric 

acid and JOOmg/1 ascorbic acid. 

2) Employing small explants, and reculturing them to fresh medium after 

a short period of incubation. 

3) Hence, charcoal reduced the availability of hormones it is necessary 

to supply a high concentration of auxins. A series of future experiments has 

been designed to assist in resolving the browning phenomenon without us­

ing adsorbants. 
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STUDIES ON THE AMOUNT OF MINERALS 

ANNUALLY LOST BY WAY OF FRUIT HARVEST 
AND LEAF PRUNINGS OF DATE PALM TREE* 

M.Y. El-SHURAFA 

Department of Arid Land Agriculture, Faculty of Meteorology and Environmental Stu­

dies, King Abdulaziz University, Jeddah, Saudi Arabia 

ABSTRACT 

Sodium and eight nutrient elements (N, P, K, Ca, Fe, Mn, Zn and Cu) 

were determined in the different parts of the date palm tree (flesh, seed, fruit 

strands, bunch, stalk, pinnae and rachis) in an attempt to obtain an es­
timate of the amount of minerals lost by way of fruit harvest and leaf 

prunings. The lowest and highest values of mineral content observed 

(based on dry-matter) were as follows: N 0.185% for rachis and 1.160%, 

for pinnae; P. 0.024% for rachis and 0.125% for seed; K 0.071% for 

pinnae and 1.1089% for stalk; Ca 0.125% for seed and 0.533% for pinnae; 

Na 0.0034% for seed and 0.142% for rachis; Fe 18.9 ppm for seed and 255 
ppm for pinnae; Mn 1.6 ppm for stalk and 44ppm for pinnae; Zn 3.6 ppm 

for flesh and 32.6 ppm for pinnae Ash contents ranged from 2.4 7% for 

flesh to 9.34% for stalk. It was estimated that each palm lost about 82.4 kg 

of dry matter annually by way of fruit harvest and leaf pruning. This was 

calculated to contain 472.4 g N, 47.7 g P, 422.6 g K, 218.9 g Ca, 36.4 g 
Na, 5.8 g Fe, 1.2 g Mn and 1.3 g Zn Whole Fruits (flesh and seed) drew the 

greatest amount of N (272 g), P (30.8 g) and K 310.8 g from the soil, 
whereas leaf prunings (pinnae and rachises) drew the greatest amount of 
Na (29.7 g), Ca (138.7 g), Fe (4.0g), Mn (0.85 g) and Zn (0.32 g). 

* This work was carried out in Libya Department of Horticulture, Faculty of Agri­

culture, University of Al-Fateh,Tripoli. 
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INTRODUCTION 

A significant part of the nutrient elements taken up by date palm tree 

are annually lost by way offruit harvest and leafprunings. An assay of the 

mineral content of the different parts of fruit bunch including seed, flesh, 

fruit strands and bunch stalk and also pinnae and rachis of leaf prunings 
can provide a quantitative appraisal of the amount of minerals annually 

removed by these parts away from the plantation. These data give a clear 

picture on the amount of minerals annually absorbed by the whole palm 

under our experimental and environmental conditions. 
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Many studies have been reported on the mineral content of flesh (4, 5, 8, 
9, 11, 12, 16, 21) Seed (6, 8, 11, 12, 13) fi·uit stalk (7) pinnae (4, 7, 8, 10, 

12, 14, 15, 18, 19, 20) and rachis (7, 20), however, few attempts have been 

made to estimate the total quantities of minerals annually drawn or re­

moved by fruit bunches, leaf prunings or by the whole palm. Embleton and 

Cook (7) calculated that a moderate annual prunings of leaf and ti·uit 

bunches of one date palm consists of approximately 44kg. of dry matter. 

This contains 213g N, l6g. P. and 611g K. Bliss and Hass (I) estimated 
that the flesh of the fruit of a palm yielding 9000 fruit would contain about 

239 gN, 41 g. P and 587 g K. In coconut palm, according to the study of 
Pilla! and Davis (17) each palm annually removes 549 g N, 115 g. P, 635 g 

.K, 497 g. Ca and 196 g. Mg. 

The object of the present study was to determine and compare the 

mineral content of flesh, seed, strands, stalk, pinnae and rachis in an at­

tempt to establish an estimate of the amount of minerals annually removed 

by the individnal parts and whole palm. This can help to provide a precise 
scientific basis for planning fertilizer program for date palm orchards. 

MATERIAL AND METHODS 

Date palm (Phoenix dactylifera L.) cultivar, Tabuuni was used in this 

study. It is one of the commonly grown cultivars in the coastal region of 

Libya. This region is characterized by high relative humidity (60- 75%) 

and insufficient effective heat units (1100°C - 1400°C)*. The fruit in most 

cases is, therefore, harvested at khalaal and rutab stages (3). 

Sampling, measurements and analysis: Samples were collected in the 

last week of October , 1981 from three different orchards in Khmnis 

district (130Km. cast of Tripoli). Two mature palms- more than 10 years 

old and in fl!ll production-were chosen from each orchard and used for the 

determination of fresh and dry weights and mineral contents of flesh, seed, 
strand, stalk, pinnae and rachis. Nearly two kg. of fruit at khalal and ru­
tab stages were harvested separately from individual palm. From this a 

sample of 50 fruits was drawn at randon and used for measurements and 

* Maximum temp + Minimum temp. 
... -· 18 
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analysis of flesh and seed. Strands and stalk samples were taken fi·om two 

separate bunches per selected tree. To make a representative sample of 

stalk, small segments of stalk were taken from various position and then 

composited. Two pruning age leaves, located below the fruiting zone, were 

detached from each palm and 18 pinnae were excised fi·om ench leaf. Six 

near the tip of the rachis, six from the middle blade and six near the base. 

The 18 pinnae were composited. Representative samples of rachis were 

obtained by sectioning ont material near the base, middle and tip. The !i"csh 

weight of flesh and seed per fruit, strands and stalk per bunch and pinnae 

and rachis per leaf were also recorded. All the samples were dried in draft 

oven at 70°C to constant weight. These were then ground for mineral 

determination. Two grams of the ground material were digested with Hd 
(dry ashing). Analysis of K, Ca, Na was done by flame photometer 

(Corning 400) Fe, Zn, Mn, Cu by atomic absorption, (Perkin-Elmer 500), 

P by spectrophotometry and N by Micro·-Kjeldahle method (2). A partial 

analysis of soil characteristics was carried out on duplicate samples of each 

orchard according to Chapman and Pratt (2). The values were as follows: 

Sand 54.2%, Silt 23.1%, Clay 22.6%, pH 7.7, Ece. 9lrnmhos/c. Ca + ,3 

meg/L, Hco 
3 

1.9 meg/L and cl-2.46 mcg/L. No systematic fertilization 

programme was ever followed for these orchards except that was added fm 

the intercroppcd plants. 

Computations: Mineral assay were based on dry weight and results were 

expressed as percent for N, P, K, Ca, Na and ash and as ppm for Fe, Mn, 

Zn, and Cu. Concentration of minerals of whole fi-uit, whole bunch (stalk 

and strands) and whole leaf were derived by calculation from those for seed 

and flesh, strand and stalk, and pinnae and rachis respectively. 

Similarly, to establish uniform perspective for the different variables, the 

computations of the amount of minerals annually removed per palm or per 

part were based upon the assumption that each palm tree, on the average; 

produce 100 kg of fruits (at Khalal or rutab stage) 10 bunches and 20 

leaves yearly. Differences in mineral content among the dii!t,rent parts 

were subjected to statistical analysis using analysis of variable. 
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RESULTS AND DISCUSSIONS 

Dry weight: The quantitative data on fresh and dry weights of flesh and 
seed per fruit, stalk and strands per bunch and pinnae and rachis per leaf 
are given in Table I. To draw a more practical picture these data were used 

to compute the dry matter produced by each individual part per palm per 

year . Each palm would supply approximately 82 . 4 kg . of dry matter 

annually ol which 4 7.3% was accumulated in the flesh of fruit. Of the re­
mainder 12.1% goes to seed, 2.6% to fruit strands; 4.6% to bunch stalk; 
16.5% to pinnae, and 16.8% to rachis (Table 1). 

Mineral composition: Data on chemical analysis of the different parts of 
date palm tree are presented in Table 2. With regards to the mineral con­

tents no great variations were found between flesh or seeds at Khalal and 
rutab stages except for K where it was significantly higher at Khalal stage. 
Studies on fruit flesh of the world's most popular date cultivars showed a 
wide variation in their mineral content. Ranges reported were as follows: 

N.0.4- 1.0%; P0.041- 0.31 %; K 0.57- 1.04%; Ca 0.054-0.219%, Na 
0.005- 0.39%; Fe 5- 103 ppm; Mn 2-75 ppm; Zn 7-76 ppm, and Cu 

4-29 ppm (4, 5, 8, 9, 11, 12, 16, 21). Evedently, these variations are attri­
butable to differences between cultivars, stages of maturity and agrocli­
matic factors. However, the concentration of all minerals in fruit flesh, 
determined in the present study were generally within these ranges. 

Comparing the different parts of date palm tree witb respect to mineral 
contents, the data showed that, total N was the highest in pinnae (1.16%) 
and seed (1.001%) and lowest in the rachis (0.185%) and bunch stalk 

(0.260%). 

This tends to suggest that rachis and stalk primarily comprise of the 
conducting system and do not store N. The phosphorus content was 
greater in seed (0.125%) than in any other part of date palm tree. It con­
tained two or more times as much P as the flesh or strands and over 4 times 
as much as the rachis or stalk. The potassium content was highest in the 
bunch stalk i.e. 1.108% of the dry weight. The value in flesh at Khalal 
stage was slightly lower, whereas the pinnae showed the lowest value 

(.071%) (Table 2). Embleton and Cook (7) noted exceptionally high value 
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(4.33%) for K content of "Deglet Noor" fruit stalk. The calcium and So­

dium contents in the fdsh and seeds and ash in the flesh were significantly 
lower than those of s~reiRds, stalk, pinnae and rachis. The differences were 

much greater in the case ofNa (Table 2). Pinnae contained higher amounts 

of Fe (255 ppm), Mn (44 ppm) and Zn (32.6 ppm) as compared to other 

parts. The differences were more pronounced in the case of iron. Amounts 

of Fe in pinnae were over 6 times of rachis and stalk and over 9 times that 

of seed and flesh (Table 2). Chemical analysis of pinnae of the more im­

portant cultivars showed a wide difference in the mineral content of pinnae 
(4, 7, 8, 10, 12, 14, 15, 18, 19, 20). The following ranges were reported: N 

1.33 - 2.55%; P 0.085 - 0.32%; K.47 - 1.64%; Ca 0.27 - .79%. Na 

0.007- 0.159%; Fe 60- 373 ppm, Mn 24- 192 ppm; and Zn 6- 16 

ppm. These differences might be due to leaf age or the varity, agroclimatic 

conditions and cultivar behaviour. The observed values of N, P and Kin 

the present data are relatively low as compared to the previously published 

reports. Possibly this difference is due to the age of leaves used (4 years 

old), since many studies on the seasonal changes of N, P and K showed 
that Nand K content decreased greatly with age (4, 15, 18, 20). Situation 

about P; however is controversial it has been shown to decrease as the leaf 

become older (4, 15), or that leaf age had minor influence in P content: (18, 

20). Ruther (18) assumes this decline is due to the migration of these ele­
ments out of leaf to younger tissues or/and to accumulation of other 

material such as cellulose and Silica which possibly can have some diluting 

effect on N, P and K. 

Estimated amounts of minerals annually removed by the different parts 
of date palm tree. Estimated amount of minerals annually removed or 

drawn from the soil by flesh, seeds, strands, stalks, pinnae and rachis are 

illustrated in Fig. 1., it is clear that in comparison with other parts the 

fruit-flesh removed the highest amount of N (172.0 g.), P (18.3 g.) and K 

(294. g.). Pinnae removed the greatest amount of Fe (3.5 g.) Mn (.59 g.), Zn 

(.32 g) and Ca (72.3 g.), whereas rachis removed the highest amount of Na 
(19.7 g.). A notable point is that the fruit-flesh, rachis and pinnae accumu­

lated approximately the same amounts of ash (Fig. 1). 

The total amount of minerals, per palm per year, lost by way of fruit 
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harvest and leaf pruning, are illustrated in Fig. 2. It was calculated that 

each palm annually removes 472. g. N; 422.6 g. K; 219 g. Ca; 48 G. P; 
36.4 g. Na; 5.8 g. Fe; 1.2 g. Mn; 1.3 g. Zn and 3.389 kg ash from the soil. 

To remain productive these amounts should be made up by replenishing 
the tree with fertilizers. 

It is envisaged that, these data will be valuable in planning a precise fer­

tilization program for date palm orchards. In doing so, however, the 

amounts of nutrients absorbed by intercropped plants, lost in soil drainage 

or deficient to the date palm due to the formation of insoluble compounds 

in the soil must also be taken into account. 
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Figure 1: Estimated amounts of minerals, per palm, per year, l'emovcd by the different 

parts of fruit bunch and leaf prunings of date palm tree (F = Flesh; Se = Seed; 

WF ~"'whole fruit; Sr =Strands; St =Stalk; P =Pinnae; R =Rachis; WL = 
whole leaf). 
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OF FROND BASES (KARAB) OF DATE PALM LEAF 

(ZAHDI CULTIVAR). 

V.TH. BUKHAEV*, and H.S. SABARWAL 

Department of Palms and Dates, Agriculture and Water Resources 

Research Centre, Fudhaliya, Baghdad, Iraq. 

ABSTRACT 

The present investigation deals with the chlorination of protolignin for 

different periods. Frond bases dust has been analysed for its chemical 
composition (ash, cold water solubility, hot water solubility, I% NaoH 

solubility, alcohol: benzene (1: 2) solubility, lignin, cellulose (C and B), 

holocellulose, elemental (C,H,O,N) and methoxyl groups). The presence of 

nitrogen in the frond base dust indicates the presence of proteinous 

material. The yields of crude and pure chlorolignins are presented. The 

chlorolignin samples were analyzed for their elements and groups. The in­

frared spectra of chlorolignins were employed to study the presence of 
groups qualitatively. The infrared spectra for all four chlorination times do 
not show marked differences. Phenolic, hydroxyl, aliphatic C-H groups 

and keto groups are identified in the curves. 

* present address, Cellulose Research Unit, Scientific Research Council, Jadhariyah, 
Baghdad, Iraq. 
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INTRODUCTION: 

Date palm trees constitute a potentially large source of raw material for 
the manufacture of pulp and paper in the form of leaves. The leaf com­

prises of mainly three parts, commonly known as frond bases (Karab), 

frond midrib (Sak Saafa) and leaflets (Saaf). The number of frond bases 

. JI_,JI- '1-"-i, <u>lJ.I , ~I ~I~ _ _;_,l,LJIO;,.J : ,18.1 01_,;...11 * 
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(Karab) going to waste is estimated at 210 million annually, and this can be 

made available for more useful purposes. If proper attention is given, tbey 

could be successfully used as a source for pulp and paper manufacture (l ). 

It is a well known fact that the production of pulp and paper from any 

fibrous raw material basically involve.s the removal of lignin. The removal 

of lignin or delignification is accomplished by subjecting the raw material 

to cooking or bleaching processes. Cooking and bleaching are carried out 

separately in order to reduce the severity of the reaction if the deligni­

fication is attempted in one step. 

It could be possible to remove most of the lignin only by cooking but 

then it has to be carried out so close to completion that it would degrade 
the hollocellulose fraction drastically. The resulting cellulose would then be 

of a considerably shorter chain length, making it inferior for the manufac­

ture of paper. Therefore, it is the lignin only that has to be removed by 

chemical processes like cooking or bleaching. 

The process of bleaching employs the use of chlorine either in the 

gaseous form or in the form of hypochlorite. The chlorine reacts with lignin 
and the chlorolignins thus formed are alkali-soluble. 

The available literature on pulping and bleaching reveals that most of the 

work has been done on soft wood and very little work on hard wood lignins 

(15). Monocots have received very scant attention. From the survey of the 

literature, it is evident that no work has been done on the chemical struc·· 

ture of lignin from date palm tree leaf. Therefore, we have undertaken the 

present investigation with the objective of studying the reaction of chlorine 

which might help in understanding the bleaching process. 

MATERIALS AND METHODS 

Preparation of raw material: Frond bases of leaf of elate palm of Zahdi 

cultivar were obtained from Zafaraniya experimental station ncar Bagh­

dad. The tree from which the samples were taken was about 50 years old. 
The frond bases were air dried and converted into dust and passed through 

the sieves of different mesh as required according to each analysis. 

Proximate chemical analyses: The proximate chemical analyses of frond 

293 



V.T!i. BUKHAEVand Ii.S. SA BAR WAL 

dust which included ash content (2), cold water solubility (3), hot water 

solubility (3), I% NaoH solubility (16), ether solubility (17), alcohol: ben­

zene solubility (18), lignin content (4), holocellulose content (5), cellulose 

content (6), was carried out employing TAPPI standard methods. 

Preparation of extractive free dust: About 300 g. dust was extracted in 
a Soxlet apparatus using a mixture of alcohol: benzene (I :2) for 48 hours. 

The extracted dust was next treated with hot water at 60°C for 2 hours, 
filtered and air dried. This was next extracted with diethyl ether for 8 hours 

in a Soxhlet apparatus, washed with hot water at 60°C for 2 hours, filtered 
and dried. 

Preparation of chlorine water: The chlorine water was prepared by 
bubbling chlorine gas through cold water. The strength of chlorine in the 

water was estimated by the method described in the pulp and paper rna­

nufacture Vol. I (12). 

Chlorination of extracted dust: 20 g. dust (passing through 60 and re­

tained at 80 mesh) was placed in a conical flask containing 1.5 litre chlo· 

rine water. The content of chlorine was 7 .26g/L in all the experiments. 
Four sets of chlorination were carried out at room temperature (about 
20°C) for 4, 6. 24 and 48 hours respectively. 

Isolation of chlorolignins: Upon completion of the reaction after each 

period of chlorination, the dust was filtered and washed with distilled water 

till free of chloride ions. The completely washed dust was dried in a de­
siccator and then extracted with absolute alcohol in a Soxhlet apparatus. 

The alcoholic extract was then poured into ice cold distilled water for pre­
cipitation. The precipitate thus obtained from each set of chlorination was 

filtered and washed thoroughly with ice cold distilled water. The crude 

chlorolignin thus obtained was weighed. 

Purification of chlorolignins: The crude chlorolignin was purified by 

dissolving it in absolute alcohol and pouring into ice cold distilled water to 

reprecipitate the chlorolignin. This was filtered and dried. The same pro­
cedure was repeated (twice) to get the preparation purified as far as poss­

ible. The purified chlorolignins were then dried and weighed. 
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The purified chlorolignins were stored in brown glass stoppered bottles 

for further analyses. 

Analyses• of chlorolignins: The chlorolignins were analysed for their 

elements carbon, hydrogen and chlorine. The original dust was analysed 

also for the nitrogen and methoxyl contents. The methoxyl content of the 
dust was confirmed by analysis in our laboratory (18). The Infrared spec­

tra of all the chlorinated protolignins were determined by Nujol mull 
technique by B.M.A.c.•. 

RESULTS AND DISCUSSIONS: 

Table 1 presents the proximate chemical analysis of frond bases. The 

ash content is high as compared with other species of soft or hard woods. 

The cellulose content of 29.30% suggests its suitability for use as a raw 
material for the manufacture of pulp and paper. 

A perusal of Table II indicates the presence of nitrogen. There is little 

difference between the results of elemental analysis of frond bases when 

compared with the average results reported by Rydholm (13) and 

"Encyclopedia of chemical technology" (11) for different species of wood. 

Table III shows the yields of chlorolignins obtained after different per­
iods of chlorination. The yield of five chlorolignins goes on decreasing with 

the increase in time period barring one anomalous result obtained after 24 

hours bf chlorination. The gradual decrease in the yields is probably due to 

degradation after a certain length of time, the already chlorinated lignin 

fraction (10) with the degraded fraction going into solution. 

Table IV indicates the loss in methoxyl content with the increase in 

chlorine content. Demethylation during chlorination is consistent with the 

results reported for other kinds of wood (14). Methoxyl content of the 
original frond sample is 4% on an oven dry basis. Since the methoxyl 

group is present solely in lignin, the methoxyl content of lignin should 

* The analyses were carried out by the Butterworth Microanlytical Consultancy 

limited 41, High Street, U.K. 
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theoretically be 14.69% based on the lignin content of 27.23% in the 

original sample . The directly determined metho yl content of isolated lig­
nin from frond bases dust is 19.67%. 

Reference to Table 3 and Table 4 would indicate that the organically 
bound chlorine recovered as chlorolignin ranges from 0.147g (48 hours 
chlorination) to 0.393 g. (24 hours chlorination). However, 10.88 gm of 
chlorine is used in the chlorination of each 20gm powdered frond base 

sample. Therefore, it is apparent that the rest of the chlorine has either 
passed into the water soluble chlorolignin fraction or been consumed in 

other oxidation reactions (8). 

The infrared spectra for the chlorinated protolignins obtained by the 
Nujol technique are presented in Figure 1. The Infrared spectra for all four 
chlorination times show similar absorption bands. The band at 3400 Cm ·I 
indicates the presence of phenolic hydroxyl groups 7. Normally the ab­

sorption due to this group arises at 5400 Cm ·1 but the shift can be attri­
buted to the presence of chlorine atoms in the molecule. The band in the 
region of 2900 Cm ·lis due to aliphatic C-H groups (9). The band at 1720 
to 1700 Cm ·I indicates the presence of -keto or carbonyl groups (14). 
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Table l 

Results of proximate chemical analyses of frond bases of date palm leaf 

of Zahdi cultivar. 

Contents 

Ash 

Cold water solubility 

Hot water solubility 

1% NaOH slubility 

Ether solubility 

Alcohol: Benzene solubility 

Lignin 

Cellulose (C and B) 

Holocellulose 

% on the basis of extractive 
free oven dried samples 

10.86 

13.70 

17.19 

40.86 
00.54 

06.00 

27.23 

29.30 

56.60 

Table 2 

Elemental and functional group analyses of frond bases dust 

(Mean of two samples). 

% on dry weight 
Contents 

frond bases 0 00 
--· 

Carbon 39.96 50.00 49.10 

Hydrogen 05.08 06.08 06.15 

Nitrogen 00.14 00.3 0.1-0.3 

Oxygen (by difference) 54.82 44 44.8 

Methoxyl 04.05 

Methoxyl 04.00* 

0 The elementary composition of many species (Average) of wood reported by S.A. 

Rydholm 
00 The elementary composition of many species (Average) of wood reported in the 

Encyclopedia of Chemical Technology (Interscience Publishers, 1970). 

* Carried out in the Center's laboratory. 
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Table 3 

Yields of chlorolignins from proto lignin of the frond bases. 

Period of 
chlorination 
(hours) 

%) expressed on the bases of extracted oven dry samples 

4 

6 

24 

48 

Crude yield 9{J 

8.719 

10.910 

10.887 

8.420 
---

Table 4 

Pure yield% 

7.506 

6.427 

10.708 

4.094 

Elemental and functional group analyses of chlorolignins 

(Mean of two determinations). 

Hours of Carbon Hydrogen Chlorine Oxygen>~< 

chlorination % % % % 

4 46.58 3.83 16.97 32.61 

6 45.98 3.65 16.97 33.55 

24 45.11 3.52 18.39 32.97 

48 47.27 4.21 17.95 30.60 

* Oxygen percentage by difference. 
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DARKENING OF DATES: CONTROL 

BY MICROWAVE HEATING 

ABSTRACT 

H.H.MUTLAK 

Department of Palms and Dates, Agriculture and Water 

Resources Research Centre, Fudhaliya-Baghdad, Iraq. 

J.MANN 
Loughborough University of Technology, England 

The activity of polyphenolase and peroxidase has been determined in 

two varities of dates (Zahdi and Khadrawi) before and after the treatment 

by microwave heating. The changes in colour, total soluble phenolic 

compounds and tannin have also been investigated. Polyphenolase was 

more active in the fully ripe dates than the green dates. Microwave heating 

for I minute was sufficient for complete inactivation of polyphenolase in 

both fully ripe and green dates. Peroxidase was completely inactivated in 

the fully ripe dates by microwave heating for less than 1 minute. Further, 

the results show that the insoluble leucoanthocyanidin tannin is responsible 

for darkening of dates in fully ripe dates. 
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INTRODUCTION 

The deterioration of dates in storage is a major problem and results in 

undesirable changes in appearance, taste and food value of the fruit. There 

are several types of deterioration during storage. The most common types 

of deterioration are darkening, insect infestation, sugaring and micro­
biological spoilage (11). 

Three types of reaction are involved in the darkening of dates:-

i) Enzymatic oxidative browning of simple phenolics such as deri­

vatives of flavan-3,4 - dial, and dactylifric acid (3-0-caffeoylshi­

kimic acid (7,8). 

ii) Non-enzymatic oxidative browning of tannin material such as the 

polymers formed from flavan-3,4- dial derivatives. This polymeric 

material, which is normally referred to as leucoanthocyanidin tannin, 
can be either soluble tannin, normally 2 to 8 units in the polymer, or 

insoluble tannin, more than 8 units in the polymer. The soluble taniiin 

is responsible for astringency. The insoluble tannin appears to be the 

material involved in the non-enzymatic oxidative browning ( 4,6). 

iii) Non-enzymatic, non-oxidative browning of reducing sugars (15). 

Enzymes, such as polyphenolase and peroxidase, are often responsible 

for the production of undesirable colours, flavours and textures during 
storage of foodstuffs. Blanching is frequently used to destroy the enzymes 

in foodstuffs; care has to be taken when using water or steam blanching in 

order to prevent leaching of nutrients and flavour compounds. A com-
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parison of the use of microwave heating with boiling water for blanching 

whole potatoes has been undertaken (2). The results suggested that mi­

crowave heating could be ef1'ectively utilized for blanching. Another study 
has been carried out using microwave blanching of peaches before freezing 

(I). 

Dates artificially matured by freezing are in general of good quality ex­

cept that they are dark in colou·: and the darkening reactions produce some 

slight off-flavour. The darkening occurs only slightly during the freezing 
period but rapidly during thawing period. lfthe darkening and consequent 

production of off-flavours could be prevented, then the use of freezing for 

artificial maturation and storage could become of great commercial im­

portance. 

This investigation was, therefore, carried out to study the chemical 

changes related to the darkening that occurs during freezing and storage of 

dates, particularly the changes in total soluble phenolic compounds, in­

soluble leucoanthocyanidin tannin and total soluble solids. The use of 
blanching both by water and microwave in order to prevent the darkening 

of dates was also investigated. 

MATERIALS AND METHODS 

Extraction Procedures 

The method of Maier and Metzler was used to extract phenolic com­

pounds from dates ( 6). In the extraction, 50g were used instead of I OOg as 
stated in this method and half the amount of all reagents was used. 

Analytical Methods 

Determination of moisture: The Bidwell and Sterling method was used for 

moisture determination (3). Between 3 and lOg on sample of dates was 

used for the determination depending on stage of ripeness of the dates. 

Titratable acidity: The titratable acidity, expressed as grams of tartaric 

acid/ 1 OOg dates, was determined by titrating the extract against 0.1 M 
NaOH using phenolphthalein as indicator (12). 

pH: The pH reading was measured using a standard pH meter and glass 

electrode. 

Total soluble solids: The total soluble solids (TSS) were measured using 
a hand refractometer. 
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Soluble phenolic compounds: The total soluble phenolic compounds and 
soluble leucoanthocyanidin tannin were determined according to the me­
thod of Swain and Hillis (16). The Polin-Denis and sodium carbonate 

reagents were prepared according to the published procedure (5). Calib­
ration curves were prepared for the determination in dates the amount of 
total soluble phenolic compounds and soluble leucoanthocyanidin tannin 
expressed as ( +) catechin or as tannic acid. 

Insoluble leucoanthocyanidin tannin: The insoluble leucoanthocyanidin 
tannin was determined according to the method of Maier and Metzler ( 6). 
The published extinction coefficient of 29270 was used to calculate the 
amount of insoluble leucoanthocyanidin tannin present (13). 

Colour: The colour intensity was measured by taking 20cm 3 from the 
extract and the pH was adjusted to 6.3 by adding an appropriate amount 
of 4m acetate buffer. !em 3 of this extract was diluted to IOOcm 3 with dis­
tilled water and the absorbance was measured using a UV /Visible spec­
trophotometer at 270 nm (!em path cell). 

Procedures to inactivate the enzymes in dates: Zahdi variety (green 

stage and tamar stage - fully ripe) and khadrawi variety (tamar stage -­
fully ripe) were used for this investigation. The enzymes, polyphenolase 
and peroxidase, were inactivated by treating dates in a microwave oven 
(AKB 104- 8105- !.6Kw). Usually 7 dates were treated in the micro­

wave oven, for varying lenghts of time of 0, 10, 15, 20, 30, 40, 50, 60, 
seconds. The temperature was measured inside dates before and imme­
diately after taking the dates out of the oven using thermocouples. The 
dates were allowed to cool to room temperature and then packed in LDPE 

bage. 

Dates were also blanched in boiling water for 0, I, 2, and 3 minutes. The 
variety of dates used for this investigation was Zahdi dates (Tamar stage­
fully ripe). The temperature was measured inside the dates before and 
during immersion in boiling water using thermocouples. 

Measurement of enzyme activity in dates: Polyphenolase and peroxidase 
activities were assayed by a spec~rophotometric method according to the 

Maier and Schiller method ( 10). The absorbance measurements were made 
at 20 second intervals on a recording spectrophotometer. Catechol was 
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used as a substrate for determining polyphenolase activity. Guaiacol and 

hydrogen peroxide were used to determine peroxidase activity. For mea­

suring polyphenolase activity, absorbancy measurements were carried out 

at 410nm (!em path cell). For measuring peroxidase activity, mea­

surements were taken at 400nm (!em path cell). 

RESULTS AND DISCUSSION 

The effects of microwave heating on the chemical composition of dates 
have been shown in tables 1, 2, 3, and Fig. 1. The moisture content of dates 

was found to decrease after microwave heating. However, the decrease 

was slight in the tamar stage but considerable in the green stage, this re­

flecting the higher initial amount of moisture in the green stage which exist 

as free water. 

There were no significant changes in pH following microwave treatment 
of the dates. The total soluble solids slightly decreased as the temperature 

increased. This decrease might have been due to the non-enzymatic, non­
oxidative browning reactions between sugars and amino acids (15). The 

increase in total soluble solids in the green dates may have been due to the 

break down of pectic substances and cellulose during microwave heating. 

The increase in the colour intensity in the green dates could have been due 

to the breakdown of chlorophyll during microwave heating treatment. 

The results show that the total soluble phenolic compound decreased as 

the temperature increased and reached a minimum at a particular tem­

perature· depending on the variety of dates. Then the amount of phenotic 

compounds increased as the temperature increased and reached a maxi­

mum. The changes in soluble phenolic compounds were probably due to 

the activity of polyphenolase during the microwave treatment. When the 

green dates were treated by microwave heating, the amount of soluble 

phenolic compounds decreased as the temperature increased. The decrease 
could have been due to the changes in soluble leucoanthocyanidin tannin. 

The soluble tannin was found to decrease as the temperature increased. 

This decrease could be related to the conversion of soluble tannin into in­

soluble tannin. The insolubility of tannin could be due to its large molecular 

size or to interaction with other insoluble tissue fractions such as cellulose, 

pectin, hemica!lulose or protein (7). The slight decrease in the total soluble 
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phenolic compounds in the fully ripe dates was more likely caused by the 

activity of the polyhenolase rather than by the conversion of soluble tan­
nin into insoluble tannin. The Falin - Denis method gave a high value in 

measuring the amount of soluble tannin in the ripe and fully ripe dates. The 

high value was probably due to the presence of new compounds in the ripe 

and stored dates and the absence of these compounds in the green dates 

(16). The conversion of soluble tannin into insoluble tannin was more likely 

than the use of soluble tannin as a substrate for the polyphenolase. 

The amount of insoluble Teucoanthocyanidin tannin decreased as a re­

sult of the microwave heating. This decrease was probably due to break­
down of insoluble leucoanthocyanidin tannin during the treatment. There­

fore., it appeared that insoluble leucoanthocyanidin tannin of Khadrawi 

dates was more susceptible to breakdown than in Zahdi dates. This might 
explain the reason why Khadrawi dates become dark after ripening and 

during storage and, Zahdi dates become a reddish-brown colour. This 
could be noticed in the tissue residue after extraction and drying. These 

results might explain the reason why the insoluble ·leucoanthocyanidin 

tannin appeared to be more susceptible to oxidation than to acting as a 

substrate for the polyphenolase. No significant oxidation of insoluble 

leucoanthocyanidin tannin in the green dates was noticed. It would appear, 

therefore, that insoluble leucoanthocyanidin tannin was more susceptible 
to oxidation in the fully ripe dates and during storage than in the green 
dates. 

The effects of microwave treatment on polyphenolase and peroxidase 

activity have been shown in figs 2 and 3. The increase in temperature dur­

ing the microwave treatment caused an increased in the velocity of reaction 

between the enzyme and the substrate (9). This can be seen in the changes 

in soluble phenolic compounds given in tables 2,3. The results show that 
when the temperature increased further the enzyme was inactivated. The 

polyphenolase of Zahdi dates in both (green and tamar) was completely 

inactivated by microwave heating for 1 minute. Polyphenolase has been 

reported to have been inactivated by blanching in hot water at 100°C for 1.5 

minute (14). The polyphenolase test was carried out with green dates by 

using catechol as a substrate. A dark colour was produced if po1yphe­

nolase was still active. To make sure that the polyphenolase was inacti-
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vated, samples of green dates in which the enzyme was v¥ff atltive were 

stored at ~ l3°C for two months, after half samples ~:~~f~d with mi­

crowave heating for 1 minute. It was found that the ·u~iJ dl!tes were 

darker in colour, but there was no change in the ccilouf ,oi~ated dates. 

The untreated dates gave darker colour with the po!YJ5kl 

the treated dates gave no change in the colour. The 

completely inactivated for I minute in Khadrawi 

indicated greater polyphenola ~e activity in KhadrawLd~ttli';Ur~h in Zahdi 

Peroxidase apparently is less active than polypheh<il~~;~ngstorage 
or after ripening of dates (10). Peroxidase apparently, 

effect on the darkening of dates (14). Microwave tt•eatfui 
was not enough to inactivate the peroxidase completely 

as the peroxidase test showed. However, the peroxid~~-~ 
inactivated for less than I minute by microwave 

Khadrawi dates (fully ripe dates). Inactivation of 
portant to prevent excess darkening but complete · 

dase may not be essentiaL Other workers reported · 

inactivated at 100°C for 14 minutes (14). . . ' 
CONCLUSSION 

Microwave treatment of dates was found to b~ .. 
vation of polyphenolase and peroxidase. Only 

were necessary compared with long period 

fb.li:idase· was 

inactivate the enzymes. The darkening of dates 

polyphenolases were completely inactivated by the Mia~·· ·. 
Thus mi~rowave h~ating in ~he correct dosag~, appe~r.At?t_,)_._. : ~--.v~y useful 
method m controllmg detenorattve changes 111 date~ dlil'l, .~usbsequent 

storage. A high quality product of good colour, flavoUi' 

is produced by this treatment. It would appear, thetef'H 

of treatment of dates is worth further investigation­

industrial scale. Although initial cost of plant could 

justified by the production of a high product, wli\n'Clr 
would be available throughout the year. 

ja{ling quality 

lli;J!l;tioi1 on an 

····"/-
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Table I 

The effect of microwave heating on Zahdi dates (green stage-whole dates) 

Microwave heating % moistue pH %acidity %TSS Colour O.D. at 
lime (seconds) 270 nm (I em cell) 

0 74.1 5.6 0.160 6.0 0.294 

20 72.8 5.5 0.165 6.0 . 0.365 

30 70.2 5.5 0.167 6.3 0.445 

40 67.7 5.3 0.168 6.5 0.612 

50 64.3 5.1 0.170 7.0 0.712 

60 60.8 5.0 0.171 8.0 0.745 
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Figure I: Effect of duration of treatment by microwave on the phenolic compounds in Zahdi 

dates (green stage). 
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INDUSTRIAL UTILIZATION OF SUDANESE DATES. 
I. QUALITY OF 

DATE-JAM AS AFFECTED BY STAGE OF MATURITY 

A. EL MUBARAK ALI 

Food Research Centre, Shambat 
P.O.Box 213, Khartoum North, Sudan 

and 
A.M.A. OSMAN* 

Agricultural Research Corporation, Wad Madani, Sudan 

ABSTRACT 

The procedure for date pulp extraction from Khalal, Soft and Dry stages 

of maturity was established. In Khalal and Soft stages water was added at 

a ratio of 1 to 3 (W /W) after destoning of the fruits, boiled in steam jack­

etted kettle for 10 - 15 minutes (maintaining the level of water by ad­

ditional hot water during boiling) followed by pulping. In Dry stage soak­
ing for 2 hours before heating and pulping is necessary. Wide variation in 
chemical composition of date pulp during the different stages of maturity 

exists especially in the percentages of total soluble solids and alcohol in­

soluble solids. Recipies for making jam from each cultivar during the dif­

ferent maturity stages were developed based on the initial chemical com­

position of the pulp. The Soft stage of maturity was found to be the most 
suitable maturity stage for date-jam manufacturing, followed by Dry stage. 

* Present address: Regional Project For Palm &Dates Research Centre in theN ear East & 

North Africa c/o UNDP, P.O.Box 2993, Kuwait. 
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INTRODUCTION 

... ,,I 
. o,j~ 

Dates production in Sudan is mainly concentrated in the Northern Re­

gion (Northern and Nile Provinces). The annual production of dates was 

71750 tons in 1977/78 (3). There is only one date packing house at Karim a 

(Northern Province) with a capacity of 1700 tons per annum (2). Not 

much attempts were made either within the packing house or in Karima 
Canning Factory which is located few meters from the packing house to 
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produce other date products. 

A joint research programme is now initiated between Hudeiba Research 

Station (Horticulture Section) and the Food Research Centre to investigate 

both horticultural and technological aspects of the different dates cultivars. 

The procedures for the•production of dates based products such as jams, 
syrup, pulp, caramel colour a"ld canning of dates will be investigated. 

In the present study the effect of stage of dates maturity for different 

types of dates on the quality of jam will be discussed as this product could 
be produced by Karima Canning Factory as well as by other canning fac­

tories. Fruit pulps are often prefered by food industries as ready to use raw 

materials. 

MATERIALS AND METHODS 

Eight different date cultivars were chosen for this study. Four of them 
were picked at Khalal and Soft stages of maturity while the other four were 

dry type of cultivars and were included in this study for comparison. 

Preparation of pulp: 

a - Khalal and Soft types: Date pulp was prepared from each variety be 

adding water to the date at a ratio of 1 to 3 (W /W) after destoning the 

fruits by hand, then boiled in steam jacketted kettle for 10- 15 mi­

nutes. Additional hot water was added to maintain the level before 

passing the heated material through a pulper. 
b - Dry (Tamar): Dry cultivars as Barakawi were soaked in tap water 

for two hours, boiled for 30 minutes and pulped as in (a). 

Total soluble solids (T.S.S.) was determined by a hand refractomater·. 

PH was determined by a Fisher pH-meter. Titrable acidity (T.A.) was 
determined by direct titration using phenolphthalein as indicator while 

sugars were determined by Lane and Eynon method (AQAC) (!). For al­
cohol insoluble solids (A.I.S.) AOAC method was followed. Presence of 

date flavour in the pulp was assessed by a group of untrained panelist of 

Food Research Centre staff. 
The recipies shown in Table 2 were developed during this investigation 

after several trials taking into consideration the chemical composition of 

the pulp. 
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RESULTS AND DISCUSSION 

Table l shows the chemical composition of the pulps for the eight cul·­

tivars at the different stages of maturity as well as for the dry cultivars. 

Cultivars were analysed at the Khalal and Soft stages as they are usually 

picked and consumed as such. The dry cultivars were harvested at dry or 

Tamar stage and spread outdoor under sunlight for further drying. 

The T.S.S. values in Khalal stage are almost half of the values found in 

both Soft and Dry stages. This is also reflected in the low sugar content as 
shown in Table I. The Soft stage showed the highest total sugar content 

followed by the Dry stage. Most of dates sugar is present in the form of 

reducing types. It was found that glucose and fructose were the dominant 

forms of inverted sugars in Iraqi dates which are mostly semi-dry (8). 

The total sugars during Soft stage ranged from 15.32% in Zaglul cul­

tivar to 26.94% in M.W. Khateeb. Minessy eta/ (5) reported that sugars 

accumulated gradually during the fruit development and they were mainly 
in reducing form. The Alcohol Insoluble Solids (A.I.S.) were also found to 

be very low in Khalal stage as compared to Soft and Dry stages. The hig­

her A.I.S. values were obtained at the Soft stage followed by the Dry stage. 

The titrable acidity was in general low in the three stages of maturity. It 

ranged from 0.096% in Zaglul (Khalal stage) to 0.486% in Madina (Soft 

stage). It was reported that dates are generally characterized by low acidity 

(4). 

The yellow colour was the predominant colour in all the cultivars pulp in 

the three stages of maturity except in Madina cultivar during the Khalal 

stage where the red colour is predominant. From the above results (Table 

1) it is evident that Khalal stage is characterized by having low total so­

luble solids, low alcohol insoluble solids and weak date flavour as com­

pared to Soft and Dry stages. Therefore, Khalal stage could be considered 
as unsuitable for jam-making compared to Soft and Dry stages. Date-jam 

has to be manufactured during Soft stage of maturity where the maximum 

concentration of sugars, high percentage of alcohol insoluble solids and 

rich flavour are reached. 

Table 2 shows the formulas developed during this study taking into 

consideration the initial chemical composition of the pulp. As could be seen 
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from table 2 that the amount of sugar and pectin required per one kilogram 

pulp were far less in the Soft stage than in Khalal stage while the amount of 
citric acid is far less in Khalal stage than in Soft stage. 

Table 3 shows the chemical analysis of the jams produced based on the 

recipies shown in Table 2. The pH values ranged from 3.2 to 3.4. The ti­

trable acidity ranged from 0.489 to 0.6%. The T.S.S. ranged from 68 to 

70% for most of the cultivars. Rauch (7) stated that in order to produce a 

good quality jam the pH should be within 3.2 to 3.4. Titrable acidity should 

be between 0.5 to 0.9%. Most of the food laws of the World provide for a 

minimum percentage of total soluble solids of 68 to 70 % in jam making. 
The results shown in Table 3 are within the recommended standards of 

jam-making. 
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Table 2 
Date-Jams recipies for each cultivar 

at the different stage of maturity 

Cultivar and stage of Pulp Sugar Citric acid Pectin (15- grade) 
maturity kg kg g g 

Kha!al stage 

Zaglul 1.0 1.80 14.0 12.0 
Madina 1.0 1.90 9.0 12.0 
M.W. Laggai 1.0 1.70 6.5 10.0 
M.W. Khateeb 1.0 1.66 10.0 6.0 
Soft stage 
Zaglul 1.0 1.50 20.0 10.0 
Madina 1.0 1.40 16.0 8.0 
M.W. Laggai 1.0 1.44 13.08 7.0 
M.W. Khateeb 1.0 1.20 12.0 5.0 
Dry cultivars 

Tamoda 1.0 1.40 9.9 15.0 
Gondaila 1.0 1.44 8.5 15.0 
Gaw 1.0 1.66 11.0 12.0 
Barakawi 1.0 1.69 9.01 13.0 
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Table 3 
Chemical analysis of the different Jams produced 

Cultivaf & stage pH (}0 Titrable o/o Total Co 1om 

of maturity acidity soluble R. Y. T~-%Y 

solids 

Khalal stage 

Zaglul 3.40 0.565 70 7.0 8.5 1.4 50.3 

Madina 3.40 0.565 69 4.2 11.5 0.7 70.1 

M.W. Khateeb 3.50 0.500 69 7.5 9.4 2.2 49.2 

Soft stage 

Zaglul 3.20 0.496 70 8.9 5.3 3.1 30.6 

Madina 3.20 0.501 70 8.5 5.4 3.0 31.9 

M.W.Laggai 3.40 0.570 69 8.6 8.0 2.1 42.8 

M.W. Khateeb 3.50 0.610 70 10.0 9.4 3.4 41.2 

Dry cultivars 

Tamoda 3.40 0.562 68 7.3 8.0 2.1 46.0 

Gondaila 3.39 0.562 70 6.3 8.2 2.1 49.4 

Gaw 3.38 0.562 69 8.3 8.0 2.1 43.5 

Barakawi 3.34 0.529 70 9.3 8.2 2.1 41.8 

--
R.~Red 

Y. ~Yellow 
B.~ Bleu 
x~weak 

XX~ detectable 
XXX~ Strong 
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L., A PEST OF STORED DATES IN IRAQ* 
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Baghdad University, Baghdad, Iraq. 
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F.M. AZIZ, A.K. MURAD and 
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Department of Palms and Dates, Agriculture and Water Resources Research Centre, 

Fudhaliya, Baghdad, Iraq. 

ABSTRACT 

One day-old eggs; 10-12-day-old larvae; 1-3-day-old pupae; 1 -3-day-old 
adults and one-month-old adults of the dried .. fruit beetle Carpophilus 

hemipterus L. were exposed to bigh lethal temperatures of 40, 45, 50, 55 

and 60°C for different periods of time in order to determine the exposure 
times needed to cause 100% mortality among individuals at each stages. 
100% mortality for each of the above temperatures respectively occured 
after exposure times as follows: eggs, 1080,240,25, 10 and 5 min.; larvae, 
5760, 240, 35, 17 and 10 min.; pupae, 4320, 210, 30, 20 and 15 min.; 

1-3-day-old adults, 7200, 240, 60,15 and 10 min.; one-month·old adults, 
9060, 480, 25, 20, and 10 min. The lethal times for 50% and 95% mortality 
(LT50 and LT95) were obtained for each stage and temperature for com­
parison. 

* This study was done at the Palms and Dates Department, Agriculture and Water 

Resources Res. Centre, Sci. Res. Council, Baghdad, Iraq. 
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INTRODUCTION 

The dry-fruit beetle Carpophilus hemipterus L. is one of the pests at­
tacking stored dates in Iraq. It feeds on dates of high moisture content and 
appears on dates that have been in storage for a long time (10). 

In Iraq, pests of stored dates are commonly controlled by spraying 
storehouses with insecticides and fumigating dates. Some undesirable ef­
fects, however, are associated with the use of chemical insecticides. Among 
those are the development of resistance to insecticides, and the •1ndesirable 
insectcides residues on food (5, I I, 12, 15). 

Several alternative methods to chemical control of insects on stored food 
have been tried. Heat has been tested or used to control insects of stored 
grain (2, 7, 8, 9, 14) especially Ephestia cautella and Oryzaephilus sur( 
namensis, of stored dates (2, 10). Heat combiued with vacuum was also 
tested against E. cautella (3). This paper reports the effect of heat on 
another insect pest of stored dates; C. hemipterus as a part of a project 
aiming at replacing chemical control of insects of stored dates with other 
methods. 

MATERIALS AND METHODS 

l.lnsect culture: 

A culture of C. hemipterus was maintained inside petri-dishes that were 
kept within an incubator with constant temperature of 30°C and 55% RH. 
An egg laying petri-dish size 9cm was supplied with !6g nutritive medium 

of date and yeast, and an egg laying site with five pairs of C. hemipterus. 

The nutritive medium as thick paste was prepared by mixing 200g of 
ground dry dates of zehdi varieyt with 10% yeast, and was smeared on the 
inside rim of the petri-dish. 

An egg laying site was made tram two squared cover glasses, 2.5 x 
2.5cm facing each other and separated by two pieces of cardboard, 1 x 
!em, and a water moistened fllter paper as large as the cover glass placed 
in-between the cardboard pieces. The cover glasses were fastened with a 
rubber band. 
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Eggs were laid on the filter paper. Every 24 hours, the eggs were re­

moved to be used for treatment, or rearing larvae, pupae or adults of 

known ages for treatment. Rearing of these stages was done in petri-dishes 

size 5crn, and each was supplied with 6g of the nutritive medium (modified 

method of Vincent and Lindgreen (16). 

2. Treatment: 

Ten to twenty, 1-day-old eggs, 10-12 day .. old larvae, 1-3-day-old pupae, 

1-3-day-old adults or 30-day .. old adults were placed in 6cm petri-dishes 

containing 4g of food medium, representing one replicate out of 3-5 repli­

cates per treatment. A treatment consisted of exposing any of these stages 

for varioustimes to 40, 50, 55 or 60°C temperature in order to obtain upto 

100% mortalities. For each treatment, a control was prepared of the same 

number of insects and replicates and these were kept under 30°C. After the 

exposure to lethal temperatures, the petri-dishes were transferred to 30°C 

and left there for different lengths of time before being examined to record 

the number of dead and alive insects. Eggs were examined two days later, 

larvae and adults one day later, and pupae were examined every day until 

adults emerged. Mortalities were calculated according to Abbott's For­

mula (1) 

Average mortalities for each temperature was plotted against exposure 

times on logarithmic probability graph paper. A linear graph was fitted to 

obtain estimates of the lethal times for 50 or 95% mortalities of the po­

pulation expressed as Lt 50% or Lt 95%. (2, 13 and 9) 

Movement of temperature from the sides to the centre of date mass were 

also investigated in both oven and sun. 

RESULTS AND DISCUSSION 

Table 1 shows the estimated LT50 and LT95 for each stage of C. 

hemipterus at 40- 60°C. Data in the table reveal that: -

1 __ .. Different stages of C. hemipterus responded differently to hgih lethal 

temperatures. For example, at 40 and 45°C adults show more resistance 

while the eggs are least resistant to these temperatures. At 40°C, the LT50 

for 1-3 day and 30 day old adults are six and elevent times longer than the 
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LT50 for the eggs. Even the adults age responds differently to temepra­

tures. The.30-day old adults are more resistant than the 1-3-day old adults. 
At 40°C, the LTSO for the older adults is nearly twice as much as that of 

the younger ones. 

2 - Resistance decreases as temperature increases. Accordingly, four 

temperature responses are detected: 40, 45, 50 and 55-60°C. In general, 

the LT50 or LT95 at 40°C is several times longer than at 45°C and this is 

several times longer than at 50°C. On the other hand the LT50 or LT95 at 

50°C is nearly double than that of 5 5°C or two to several times than that at 

60°C. 

3- With the increase in temperature, the LTSO comes closer to LT 95. 

The difference between them does not exceed 3 minutes. 

The aforementioned conclusions are also observed in data of Table 2 

which shows the actual LTlOO for each stage of C. hemipterus at 40 to 

60°C. 

Temperature is an important factor affecting insect life and activity. 
When the temperature changes beyond the species tolerance, the insect 

activity slows down and eventually dies. For most insects, the upper lethal 

temperature for a short exposure is between 40-50°C (4) 

Death is attributed to various factors. Among these are the proteins be­

ing denatured, the disturbance of metabolic processes, exhaustion of food 

reserve and desication (6, 17). 

While data in Table 1 are useful for comparing the responses of each 
stage of C. hemipterus to lethal temperatures, data in Table 2 may be 

practically useful for controlling insect pests of stored dates by tempera­

ture treatment. 

Theortically speaking, C. hemipterus could be controlled if the tem­

perature of dates in the centre of a date mass in a package, boxes or either 

is raised to any of the lethal temperatures selected from Table 2 and main­
tained to a minimum length of time that would cause 100% mortality of all 
of the insect stages. For example, if 40°C is chosen to treat dates infested 

with C. hemipterus, then the centre of such date mass should be raised to 
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40°C and kept at 40°C for a minimum at 9060 minutes. When 45, 50, 55 
or 60°C are considered, then the minimum exosure time should be 480, 60, 
20 or 15 minutes, respectively. 

To study heat movement in a mass of dates two simple tests were made. 
In the first one a 20 x 20 x 18cm. metal basket filled with 4kg. dry Zahdi 
dates was placed in a 55-60°C oven. The temperature in the centre of the 

date mass was raised from 35 to 45°C within four hours. 

In a second experiment, two plastic boxes, the types used for transpor­

ting and storing dates, were used. Each box measured 39.5 x 30.5 x 20cm. 
and was filled with 14kg. dried Zahdi dates. One was placed in an oven 
whose temperature was adjusted to 60°C while the other one was kept in 
the sun on the laboratory roof. Table 3 shows the temperature rise in these 
two boxes. Within ten hours, the temperature of the date mass centre in the 

first box was raised to 50°C while that of the centre of the sides to 58°C. 
On theother hand, the temperature of the date mass centre of the box that 
was kept on the roof was raised from a minimum temperature of 34°C to a 
maximum of 40°C at noon five hours later, and dropped to 3 7°C at ap­
proximately four p.m. 

Further tests are needed to learn more about heat treatment for insect 
control in a large date mass. In such experiments, several factors should be 

considered. Among these are the size of the mass, the type and size of the 
date containers, their arrangement and spaces between them, source and 

type of heating elements, air movement within the treating area and date 
moisture. In addition, the economic feasibility and practicality of such 
method ought to be considered as well. 

The use of solar energy for disinfesting dates from insect might also be 
considered. Such method is possible if the solar heat is trapped and kept 
throughout the night with some heat supplement to keep the lethal tem­
perature of the treated dates at the minimum. 

When the high lethal temperature for the major insect pests of stored 
dates are determined as have been reported here, it would be possible to 
choose the right temperature that would cause death to all date insects at 
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the same time and proves economical and causes improvement of date 

quality. 

The use of heat to improve the quality of date has already been reported 

(13). Therefore, this method of treatment serves a double purpose, insect 

control and improvement of date quality. 
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Table 1 

Lethal time (LT) in minutes estimated, for 50 and 95% mortality 

of different stages of C. hemipterus exposed to 40-60°C 

for different periods of time. 

Stage 40'C 45'C 50'C 55'C 60'C 

LT50 LT95 LT50 LT95 LT50 LT95 LT50 LT95 LT50 LT95 

Egg 540 780 150 180 12 16 5 7 3 4 
Larva 2880 3960 180 204 27 30 14 15 7 8 
Pupa 1500 2400 150 174 21 25 13 16 10 12 
Adutl (1) 3360 5760 162 192 31 42 9 11 7 8 
Adutl <2l 6060 6780 186 282 19 22 12 15 7 8 

(1): 1-3 days old 
(2): 30 days old 

Table 2 

Lethal times in minutes for actual 100% mortalities of different stages 

of C. hemipterus exposed to 40 - 60°C 

Temp.°C 

Stage 40 45 50 55 60 

Egg 1080 240 25 10 5 

Larva 5760 240 35 17 10 

Pupa 4320 210 30 20 15 

Adutl (1) 7200 240 60 15 10 

AdultC2l 9060 480 25 20 10 
--
(1): l-3 days old 
(2): 30 days old 
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Table 3 

Temperature rise in 14kg. Zehdi date (dry date) inside plastic containers. 

Oven Sun 

Temperature C 
--

Hour Centre Side(!) Shade Centre Side(!) 

0 34 34 34 34 34 
1 35 36 37 37 36 
2 38 40 39 37 37 
3 40 43 39 39 38 
4 41 44 39 39 39 
5 43 46 39 40 40 
6 46 49 40 40 40 
7 47 50 39 40 40 
8 48 51 37 38 38 
9 49 52 24 37 37 

10 50 58 

(!):Ave. of2 sides 

336 



Date Palm J 3 (I): 337- 347 
Published 1984 

WHOLESOMENESS STUDIES WITH A FULL DIET OF 

IRRADIATED DATES ON THE INSECT Ephestia cautella 
(Walker): 

III. EFFECTS OF LONG TERM FEEDING. 

Z.S.AL-HAKKAK•, S.R.ALI, M.S.H. AHMED and S.K.AL-MALIKY 

Nuclear Research Centre, Tuwaitha, Baghdad 1 Iraq. 

ABSTRACT 

Our previous studies have shown that low doses (50-100 krad) of 

gamma radiation (Cobalt-60 source) are enough to kill all developmental 
stages of insect species that are economically important to date industry in 

Iraq. However, wholesomeness studies are needed in order to evaluate the 
safety of irradiated dates for consumption purposes. Therefore, in the 

present experiments, the fig moth, Ephestia cautella, used as a test or­

ganism, was reared for 5 generations on a I 00% diet of date fruits treated 

with 100 or 200 krad of gamma radiation. Each generation was checked 
for: i) development from egg to adult stage, ii) female fecundity, iii) mating 

frequency and iv) the percentage of egg hatchability were also investigated 
for all the five generations as indicators for genetical effects. Depending on 

these parameters, no statistically significant effects have been detected. 

These results suggest that disinfestation of dry dates with such doses of 

gamma radiation is a safe method in that it has no accumulative adverse 

effect on the quality of these fruits when used as a full diet for the fig moth, 

Ephestia cautel/a. 

* Present Address: SRC, Biological Research Centre, Jadiryia, Baghdad, Iraq. 
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Wholesomeness of Irradiated Dates 
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INTRODUCTION 

In Iraq, large quantities of dry dates are us ally attacked and damaged by 

several stored-product insect pests during storage, transportation and ex­

portation in spite of several fumigations with methyl bromide (13). 

A great deal of research data have already been accumulated concerning 

the effectiveness of ionizing radiation on the survival and fertility of many 
insect species. The majority of these results agreed that ionizing radiation 

might offer efficient solutions to the world-wide problems of disinfestation 

of different food items (14, 15, 16). Our previous studies have shown that low 

doses (50-1 00 krad) gamma radiation are enough to kill all developmental 

stages of insect species that are economically important to date industry in 

Iraq (1, 2, 6). However, it has been initially realized that wholesomeness 

tests should be simultaneously carried out in order to evaluate the safety of 
disinfested date fruits by gamma radiation for human consumption pur­

poses. In this respect, series of experiments were carried out to determine 

any radiation-induced changes in the chemical composition of date (9, 10, 

12). 

In an exploratory studies, dates irradiated with very high doses of 

gamma radiation were used as a whole diet for two important species of 

stored-date insects, the saw-toothed grain beetle, Oryzaephilus suri­
namensis and the fig moth, Ephestia cautella. The results indicated that 

such doses (625-5000 krad) of gamma radiation did not produce signifi­

cant adverse effect on the development of these insects in general (3, 5, 7, 8). 
It has been demonstrated that radiation doses or such magnitude increase 

the softness of treated date fruits (7, 8, 12). On the other hand, further 

expenments have shown that no effect could be detected in the develop­

ment, fecundity and egg hatchability of Ephestia cautella when reared 

upon a complete diet of date fruits treated with the same range of doses 

(50-100 krad of gamma radiation) which are recommended to sterilize 
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stored-product as well as for date disinfestation purposes (7, 8). 
The present experim~nts concern the radiation-induced effects on the 

development and genetics of E. Cautella when reared for several gene­
rations on irradiated date fruits exclusively. The results of these ex­
periments are reported here. 

MATERIALS AND METHODS 

Selected dry date fruits (Zahdi variety) were divided into three groups, 
and treated with 0 (control), 100 or 200 krad of gamma radiation, res­

pectively. Irradiation procedure was carried out using a Cobalt-60 source 
of the type Gammacell-220 at a dose rate of 50 krad per second, approxi­
mately . Dates of each group were then placed into five one-litre beakers, 

40 fruits in each. 

The details of Ephestia cautella strain used in the present studies, and 
the procedures of laboratory rearing and egg collection were recorded el­

sewhere (4, 7, 8). Immediately after irradiation and same treatment of the 
date fruits, each beaker was seeded with 400 eggs on a wet filter paper, 
then all the 15 beakers were tightly sealed and incubated at 25°C and 
50-60% relative humidity. The same incubation and examination methods 
were followed according to reference (7, 8). Furthermore, 20 single pair 
matings were set up between the eclosed adults of each treatment, and 
female fecundity, mating frequency and egg hatchability were determined 
for each cross. The experimental procedures were similarly repeated for 5 
generations which have been continuously raised on irradiated dates, using 

the eggs obtained from the succeeding generations of the eggs under study. 

RESULTS AND DISCUSSIONS 

When comparisons were made between different biological parameters 
of insects developed on irradiated or unirradiated dates, no statistically 
significant differences could be found at all generations. Table I shows the 
average percentages of insects reached the stage of last instar larvae out of 

400 eggs of E. cautella seeded on treated date fruits at each generation. It 
is clear that, through the 5 generations studied, irradiation of dates with 
100 or 200 krad of gamma radiation did not produce any significant dif­
ferences in the numbers of last instar larvae developed when compared 
with those developed on the untreated control dates. Similar results have 
been obtained when the average percentages of insects that reached the 
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pupal and adult stages were taken into consideration (Tables 2 & 3). The 
lack of significant differences between the effect of irradiated and unirra­

diated dates could also be illustrated when the average numbers of sper­
matophores found per dissected female, and the average numbers of eggs 
laid per female were calculated at each generation for the three groups of 
treatments, as demonstrated in Tables 4 and 5. The most important result 
obtained from the present study is that no statistically significant differ­
ences could be detected, in the frequency of dominant lethal mutation in­

duced as a consequences of feeding on a whole diet of irradiated dates for 5 
generations (Table 6). This genetical parameter was measured by cal­
culating the average percentages of hatchability of eggs produced from the 
crosses made between the adults developed on irradiated or unirradiated 
date fruits. 

Thus, the overall results, clearly point out that feeding the fig moth E. 

cautella for 5 successive generations on 100% dry date fruits irradiated 

with 100 or 200 krad of gamma radiation did not show any indication of 
unfavourable effects on its developmental and genetical parameters. These 
results are in a good agreement with the results of several other long term 
feeding studies of various irradiated foods on different insect species (I I, 
I 4 ). It is expected that the results reported here are of important value and 
might contribute some information regarding the wholesomeness of ir­
radiated dates, which is a major issue in the safety of using gamma ra­

diation as a clean method for insect disinfestation of dry dates in Iraq. In 
fact, these data were presented as part of a complete report to be reviewed 
with several other chemical and toxicological studies by the Joint 
FAO/AEA/WHO Expert Committee in its Geneva meeting in 1980 to 
assess the safety of irradiated food. Accordingly, unconditional acceptance 
was granted for date irradiation for the purpose of controlling infestation 
with stored-product insects using an average dose of up to I KGy i.e. IOO 
krad (18). 
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Table 1 

Average percentage oflarvae produced from 400 eggs of Ephestia cautella 

reared for 5 generations on (Zahdi cv.) dates irradiated with different doses 
of gamma radiation (5 replicates for each dose per each generation) 

Genrations Control ± S.D* 100 krad ± S.D. • 200 krad ± S.D. • 
Generations 
Parents 32.30 ± 4.05 30.95 ± 3.76 32.15 ± 2.32 

First generation 34.05 ± 5.22 33.85 ± 6.02 32.70 ± 6.25 

Second generation 32.95 ± 4.38 32.75 ± 5.52 34.00 ± 5.84 

Third generation 28.50 ± 4.98 26.40 ± 4.89 26.70 ± 5.33 

Fourth generation 32.40 ± 3.66 30.90 ± 4.55 31.78 i 3.44 

* Averages of the same row are not significantly different at P > 0.05. 

Table 2. 

Average percentage of pupae produced from 400 eggs of Ephestia cautella 

reared for 5 generations on (Zahdi cv.) dates irradiated with two different 

doses of gamma radiation (5 replicates for each dose per each generation). 

Generations Control ± S.D. • 100 Krad ± S.D.* 200 krad ± S.D. • 

Parents 24.80 ± 4.05 23.45 ± 3.76 24.65 ± 2.32 

First generation 26.85 ± 2.58 26.15 ± 6.76 27.55 ± 5.84 

Second generation 26.30 ± 3.30 26.20 ± 3.50 27.45 ± 4.50 

Third generatiOn 24.10 ± 1.94 23.15 ± 2.33 22.70 ± 2.29 

Fourth generation 25.48 ± 2.97 24.90 ± 4.09 23.80 ± 2.98 

* Averages of the same row are not significantly different at P > 0.05 
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Table 3. 

Average percentage of adults produced from 400 eggs of Ephestia cautella 

reared for 5 generations on (Zahdi cv.)dates irradiated with two different 

doses of gamma radiation (5 replicates for each dose per each generation). 

Generations Control ± S.D."' 100 Krad ± S.D.* 200 krad ± S.D. • 

Parents 21.60 ± 4.31 22.35 ± 3.89 22.20 ± 2.34 

First generation 22.15 ± 2.27 21.85 ± 5.40 22.90 ± 4.38 

Second generation 21.76 ± 2.23 22.45 ± 4.24 22.95 ± 3.68 

Third generation 19.50 ± 2.04 19.40 ± 1.18 18.40 ± 3.01 

Fourth generation 20.80 ± 2.91 21.80 ± 3.48 21.90 ± 3.21 

* Averages of the same row are not significantly different at P > 0.05 

Table 4. 

Average numbers of spermatophores per female from crosses of adults 

produced from 400 eggs of Ephestia cautella reared on (Zahdi cv.) dates 
irradiated with two different doses of gamma radiation (20 dissected 

females for each dose per each generation)•. 

Generations Control ± S.D. • • 100 Krad ± S.D. • • 200 krad ± S.D.** 

Parents 1.30 ± 0.47 1.40 ± 0.68 1.35 ± 0.41 

First generation 1.50 ± 0.69 1.45 ± 0.60 1.35 ± 0.57 

Second generation 1.55 ± 0.61 1.45 ± 0.69 1.40 ± 0.59 

Third generation 1.35 ± 0.99 1.30 ± 0.55 1.45 ± 0.57 

Fourth generation 1.25 ± 0.46 1.20 ± 0.47 1.30 ± 0.58 

* Average number of spermatopl10res per female for 30 pairs of E. cautella adults 
reared on laboratory medium was 1.10 ± 0.31. 

** Averages of the same row are not significantly different at P > 0.05 
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Table 5 

Average numbers of eggs per female from crosses of adults produced from 

400 eggs of Ephestia cautella reared on (Zahdi cv.) dates irradiated with 

two different doses of gamma radiation (20 pairs for each dose 

per each generation).* 

Generations Control ± S.D.** 100 krad ± S.D. • • 200 krad ± S.D. • • 

Parents 237.65 ± 63.40 226.85 ± 62.71 220.40 ± 88.69 

First generation 253.60 ± 68.82 250.35 ± 82.94 249.65 ± 64.72 

Second generation 290.30 ± 65.30 305.95 ± 76.76 280.90 ± 105.35 

Third generation 298.95 ± 55.15 309.36 ± 72.79 312.73 ± 91.35 

Fourth generation 258.25 ± 79.30 265.25 ± 89.76 272.05 ± 89.35 

* A vcragc number of eggs per female for 30 pairs of adults E. cautella reared on 

laboratory medium was 357.23 ± 77.80. 

* * Averages of the same row are not significantly different at P > 0.05 
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Table 6 

Average percentage of egg hatchability from crosses of adults produced 

from 400 eggs of Ephestia cautella reared ou zahdi dates irradiated with 

two different doses of gamma radiation. (20 pairs for each dose 

per each generation).* 

Generations Control ± S.D."' • 100 krnd ± S.D. • • 200 krad ± S.D. • • 

-----
Parents 80.28 ± 14.34 79.29 ± 15.33 80.68 ± 15.17 

First generation 81.90 ± 6.49 83.11 ± 14.91 78.97 ± 15.64 

Second generation 86.49 ± 6.69 89.41 ± 9.80 87.84 ± 9.19 

Third generation 82.79 ± 8.76 82.34 ± 13.06 84.45 ± 9.39 

Fourth generation 85.55 ± 11.22 86.59 ± 18.33 82.22 ± 12.43 

* Average percentage of egg hatchability for 30 pairs of E. cautella adults reared on 
laboratory medium was 84.26 ± 7.90. 

** Averages of the same row are not significantly different at P) 0.05. 
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SHORT COMMUNICATION 
EXPERIMENTAL ESTABLISHMENT OF FIVE DATE 

PALM CULTIVARS IN SOURTHERN FLORDIA 

F.W. Howard, R. Atilano and D. Williams 

University of Florida Agricultural Research Center 
3205 College Ave., Ft. Lauderdale, FL 33314, USA 

A trial garden was planted in southern Florida to evaluate the adapta­

bility and response to insect pests and diseases of 5 cultivars of the date 

palm, Phoenix dactyl(fera L. Most of the 'Thoory' and 'Medjool' offshoots 

failed, to generate roots and died during the first year after planting. The 

'Zahidi', 'Deglet Noor', and 'Thoory' cultivars were shown to be suscep­

tible to lethal yellowing (LY) disease. The susceptibilities of other cultivars 

remain unknown. 'Halawy' was the least susceptible of 3 cultivars com­

pared as hosts of graphiola leaf spot fungus, Graphiola phoenicis (Maug.) 

Po it. A cupric hydroxide Cu (OH) 
2

, formulation sprayed biweekly on the 

leaves was effective in preventing this disease. A planthopper, Myndus 

crudus, implicated as a vector of LY disease, was trapped more frequently 

in nearby coconut palms. Cocos nucifera L., than from the date palms. The 

date palms were virtually free or other insect pests. The importance of 

preventing the introduction of LY into date producing regions is stressed. 
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ABSTRACTS OF RECENT RESEARCH ON 
THE DATE PALM 

S.MOHAN 
FAO Regional Project for Palm & Dates Research 

Centre in the Near East & North Africa, Baghdad, Iraq. 

HAURY, A. Trial on the behaviour of the date palm in Niger: Bon­
koukou, Dallol Bosso. Fruits (France) 1982, 37 (10): 727-33, 659-62. (Fr 
with De, En, Es, Fr. Ru summ) Institut de Recherches sur les Fruits et 

Agrumes (IRFA), Noumea, New Caledonia. 

An Experiment on the forming of an oasis by an upper layer of date 

palms and a lower layer of citrus, mango and guava is described. Obser­
vations on the growth of date palms in the period 197 5 to 1980 and the 
characteristics of their production are presented. 

DE MASON, D.A., SEXTON, R. AND GRANT REID, J.S. Struc­
ture, composition and physiological state of the endosperm of Phoenix 

dactylifera L. Ann Botany 1983,52:71-80. 

The date endosperm consists of living cells with the same general cellular 
structure throughout the seed. The major storage products, as shown by 
histochemical staining, are lipid, stored as numerous small lipid bodies 
which fill the cytoplasm, and protein, as large but variably-sized protein 
bodies. Nuclei are present but lack large amounts of heterochromatin. 

Plastids and mitochondria are present but infrequently seen and have 
poorly developed internal membranes. No endoplasmic reticulum or 
dictyosomes are present before or after hydration .The cell wall is thick 
except in areas of pit fields and con sits of three layers which differ in their 
staining behaviour: middle lamella, thickened wall and inner wall. Both the 
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endosperm and embryo of the imbibed seed undergo aerobic respiration, 
but the embryo respires at a more rapid rate than does the endosperm .A 
small area of the endosperm around the distal pole of the cotyledon shows 

histochemically detectable levels of succinic dehydrogenase. 

BADAWY, M.F. & AL ABDEL, H.R. Studies on inflorescences rot 

disease of palm and its control in Sinai peninsula. Research Bulletin. Fa­
culty of Agriculture, Ain Shams University (Egypt). May 1982, No. 18 I 9, 
12 p. (Ar & En, 13 ref.) Plant Production Dept., Egyptian Desert Inst., 
Cairo, Egypt. 

The fungus Mauginiella scaette was isolated from date palm in­

florescences showing rot disease symptoms. Pathogenicity tests showed 
that both male and female inflorescences were highly susceptible to the 
disease. A frequency distribution study covering 13 localities showed that 
the fungus was present in all localities with percentage ranging from 6 to 
39. Chemical control using 14 fungicides 4 days before or after artificial 
infection showed the best results with Coprachem and Oxychloride (each 
at 50%) when applied before infection. 

DE MONTAIGNE, M. and FALL, A.M. Biological control of date 
palm scale in Mauritania. Lutte Biologique centre les Ravageurs et ses 
Possibilites en Afrique de \'Ouest. Compte rendu du seminaire, fev. Dakar 
(Senegal) USAID 1981, 191-209 (En & Fr, 17 ref.) Laboratoire 
d'Entomologie. Nouakchott, Mauritania. 

Various predators of the date palm scale, Parlatoria blanchardi, are 

discussed in connection with possible biological control programmes. The 
most effective species is at the present Chilocorus bipustulatus var. 

iranensis, a ladybird bettie. 

MAIGUIZO, M. Summary report on biological control of the white 
date palm scale (Parlatoria blanchardi) in Niger. Lutte Biologique contre 
les Ravageurs et ses Possibilites en Afrique de \'Ouest. Compte rendu du 
seminaire, fev. Dakar (Senegal) USAID, 1981, 205-229 (En & Fr) Institut 

National de Recherches· Agronomiques de Niger, Agadez, Niger. 

The introduction of Chilocorus bipustulatus var. iranensis for the con­
trol of the white date palm scale. Parlatoria blanchardi, has been very 
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successful . The host -predator equilibrium seems to be stable and in some 
palm tree plantations the balance has been maintained for eight years. 

TOURNEUR, J.C. (Homeostasis of modern agro-ecosystems and in­
tegrated control.) Annals of the Entomological Society of Quebec 1983, 28 
(1): 51-54 (Fr, 7 ref.) Department of Biological Sciences, University of 
Quebec at Monteral, CP 8888, Monteral HJC 3P8 Canada. 

The examples discussed in this review of homeostasis in modern agro­
ecosystems in relation to intergrated control include biological control of 
Parlatoria blanchardii (targ.) on date palm in Africa using the predacious 

coccinellid Chilocorus bipustulatus var. iranensis Iperti, Laudeho, Brun & 
de Janvry. 

A GLANCE AT THE PAPERS PRESENTED AT THE 
FIRST SYMPOSIUM ON THE DATE PALM HELD IN 

SAUDI ARABIA 

Following is the classified list of papers presented at the First Sympo­
sium on the Date Palm held at the King Faisal University, Al-Hassa, 
P.O.Box 380, Saudi Arabia, March 23-25, 1982. Abstracts of these papers 
are included in a publication 'Abstracts on the Date Palm', 1979-1983, 
compiled by the Project. 

General 

I. Al-Shinnawy,J.A. A look at the Plantation of Date Palm in the Oasis 
of Al-Hassa (In Arabic). 726-736. 

2. Brown, G.K. Date Production Mechanization in the U.S.A. 2-15. 
3. Elprince, A.M., M. Makki, S. Al-Barrak and M.Tamim. Use of 

Computer Graphics in Developing Density Maps for the Date Cul­
ture of Al-Hassa Oasis in Saudi Arabia. 674-683. 

4. Gorchels, C. Bibliographic Control of Current Research on Date 
Palm. 738-741. 

Climate 

5. Al-Sharafa, M.Y. Study of the Climatic Conditions and Geogra-
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phical Distribution of Date Production Regions in Libya (In Arabic). 
664-672. 

Cultivation 

6. Asif, M.I., O.A. Al-Tahir and M.S. Al-Kahtani. Inter-Regional and 
Inter-Cultivar Variations in Date Grown in the Kingdom of Saudi 
Arabia. 234-248. 

7. Curran, P., and N. Adawy. Landsat MSS Data, Its Availability and 
Suitability for Monitoring the Density of Date Palms in Saudi 
Arabia. 684-69!. 

8. Hamad, A.M., A.I. Mustafa and M.S. Al-Kahtani. Effect of Na­
Metabisulfite Alone and In Combination with Na-Benzoate on the 
Microbial Flora and Quality of Six Soft Date Varieties. 480-495. 

Botany 

9. Bougeudoura, N. Development and Distribution of Axillary Buds in 
Phoenix dactylifera L. 40-45. 

10. DeMason, D.A., R. Sexton and J.S.V. Grant Reid. Structual and 
Functional Aspects of Date Palm Germination. 26-39. 

11. DeMason, D.A., K.W. Stolte and B. Tisserat. Floral Development in 
Phoenix dactylifera L. 46 .. 60. 

Varieties 

12. Abdulla, K.M., M.A. Meligi and S. Y. Risk. Influence of Crop Load 
and Leaf/Bunch Ratio on Yield and Fruit Properties of Hayany 
Dates. 222-232. 

13. Meligi, M.A., G.F. Sourial, A.M. Mohsen, A. Kalifa and M.Y. Ab­
dalla. Fruit Quality and General Evaluation of Some Iraqi Date Palm 
Cultivars Grown Under Conditions of Barrage Region, Egypt. 212-
220. 

14. Sawaya, W.N., J.K. Khalil, H.A. Khatchadourian, W.M. Safi and 
A.S. Mashadi. Sugars, Tannins and Some Vitamins Contents of 
Twenty-Five Date Cultivars Grown in Saud Arabia at the Khalal 
(Mature Color) and Tamer (Ripe) Stages. 468-478. 

15. Sawaya, W.N., W.M. Safi, J.K. Khalil and A.S. Mashadi. Physical 
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Measurements, Proximate Analyses and Nutrient Elements Content 
of Twenty-Five Date Cultivars Grown in Saudi Arabia, at the Khalal 
(Mature Color) and Tamer (Ripe) Stages. 454-467. 

16. Sawaya, W.N., W.M. Safi, A. Al-Shalhat, and H.Al-Mohammed. 
Fruit Growth and Composition of Khudari, Sillaj and Sifri Date 
Cultivars Grown in Saudi Arabia. 202-209. 

17. Sourial, G.F., M.A. Meligi, A.H. Mohsen, A. Khalifa and M.Y. 
Abdalla. Fruit Setting, Yield and Bunch Characteristics of Some 
Iraqi Date Pahn Cultivars Grown Under Conditions of the Barrage 
Region, Egypt. 196-201. 

Cultural Practices 

18. Bacha, M.A. and A.A. Abo-Hassan. Effects of Soil Fertilization on 
Yield, Fruit Quality and Mineral Content of Khudari Date Pahn 
Variety. 174-180. 

19. El-Hamady,M.M., A.S. Khalifa, and A.M. El-Hammady. Fruit 
Thinning in Date Palms with Ethephon. 284-295. 

20. Hussein, F. and M.A. Hussein. Effect of Nitrogen Fertilization on 
Growth, Yield and Fruit Quality of Sakkoti Dates Grown in Asswan. 
182-189. 

21. Hussein, F. and M.A. Hussein. Effect of Irrigation on Growth, Yield 
and Fruit Quality of Dry Dates Grown in Asswan. 168-173. 

Pollen & Pollination 

22. Abo-Hassan, A.A., T.A. Nasr and H.A. El-Shuks. Effects of Type 
and Storage of Pollen on Fruiting ofKhudari Dates. 102-106. 

23. Al-Tahir, O.A., and M.I. Asif. Study of Variations in Date Pollen 
Material. 62-66. 

24. El-Ghayaty, S.H. Effects of Different Pollinators on Fruit Setting 
and Some Fruit Properties ofSiwi and Amhat Date Varieties. 72-82. 

25. Khalil, A.R. and A.M. Al-Shawaan. Evaluation of Simple and 
Practical Methods for Storing Date Palm Pollen Grains (In 
Arabic). 120-125. 

26. Higazy, M.K., S.H. El-Ghayaty and F.B. El-Makhton. Effects of 
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Different Pollen Types on Fruit Chemical Properties of Some Date 
Varieties. 94-101. 

27. Higazy, M.K., S.H. El-Ghayaty, and F.B. EI-Makhton. Effects of 
Pollen Type on Fruit Setting, Yield and Some Physical Fruit Pro­
perties of Some Date Varieties. 84-93. 

28. Hussein, F. Pollination of Date Palm and its Effect on ·Production 
and Quality of Fruits. (In Arabic). 16-24. 

29. Khalil, A.R. and A.M. Al-Shawaan. Wheat Flour and Sugar Sol­
ution Media as Carriers for Date Palm Pollen Grains (In Arabic). 
68-71. 

Growth Regulators 

30. Abd Alaal, A.F., K.K. AI Salih, H. Shabana and G.J. Al-Salihy. 
Production of Seedless Dates by Application of Growth Regulators. 
(In Arabic). 276-282. 

31. Abou Aziz, A.B., S.S. Maximos, LA. Desouky and N.R.E. Samra. 

Effect of GA
3 

and Hand Pollination on the Yield and Quality of Siwi 
Dates. 258-268. 

32. Asif, M.I., O.A. Al-Tahir and Y.M. Makki. Effects of Some Growth 
Chemicals on Fruit Morphological Characteristics of Gur and 
Khalas Dates. 270-275. 

Propagation: Vegetative Propagation 

33. Hussein, H.M., and H. EI-Haidari. Offshoots as a Problem Facing 
the Expansion of Date Palm Cultivation. (In Arabic). 694-697. 

Propagation: Tissue Culture 

34. Ammar, S. and A. Ben Badeis. Vegetative Propagation on Date Palm 
(Phoenix;dactyliferaL.) by In Vitro Culture (In Arabic). 158-166. 

35. Beauchesne, G. Vegetative Propagation of Date Palm (Phoenix 

dactylifera L.) by In Vitro Culture. 698-700. 
36. El-Henawey, H.M., A. El-Din, Z. Bondok, S.A. Habib and A.M. 

Sabour. Trials on Vegetative Propagation of Date Palm by Means of 
Tissue Culture (In Arabic). 702-704. 

37. Khalil, M.S., M.A. Khan and M.S. Al-Kahtani. In Vitro Embryo of 
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Date Palm (Phoenix dactylifera L.) 142-150. 
38. Khan, M.A., M.S. Khalil and M.S. Kahtani. In Vitro of Different .. 

Tissues of Date Pahn. (Phoenix dactylifera L.) 152-157. 
39. Tisserat, B., M.D. Nelson, J.M. Ulrich and B.J. Finkle. Cryostorage 

Techniques to Preserve Date Palm Germplasm. 108-119. 
40. Tisserat, B. Development of New Tissue Culture Technology to Aid 

in the Cultivation and Crop Improvement of Date Palms. 126-140. 

PROCESSING & PRODUCTS 

Laboratory A na/ysis 

41. Al-Whaibi, M.H. Mineral Content of Date Palm Seedlings. 190-195. 

42. Khatab, A.G.H., A.H. El-Tinay and A.A.M. Nour. The Chemical 
Composition of Some Date Palm Cultivars Grown in Sudan. 
706-710. 

Processing 

43. Al-Ogeidi, H.K., G.A.H. El-Baradie and M.A. Massih. Use of Dates 
in Pickle Making - I. Possibility of Pickling Dates in Kimri Stage. 
(In Arabic). 748-752. 

44. Al-Ogaidi, H.K. and N.A. Al-Khafaji. The Effect of Hydrogen Ion 
Concentration and Temperature on Biomass Production of Candida 

sp. Using Date Extract. (In Arabic). 738-746. 
45. El-Saddi, G.K. & N. Benjamin. Date Technology in Iraq. (In 

Arabic). 754-756. 
46. Gabr, F.S. Present and Future Prospects of Date Processing in Arab 

World as Discussed in the Minutes of the First Arab Conference on 
Date Palm and Dates Held in Iraq. (In Arabic). 758-762. 

47. Hussein, M.A., M.A.E.F. Abdullah, A.H. Guinena, S.F.A. Megeid 
and N. El-Emary. Adulteration of Coffee by Similarly Treated Seeds 
of Dates (Phoenix dactylifera L.) 560-563. 

48. Mustafa, A.I., A.M. Hamad and M.S. Al-Khatani. Date Varieties for 
Jam Production. 496-502. 

49. Shabana, H.R., & S. Mohammed. Mechanization of Date Produc­
tion (In Arabic). 712-714. 

50. Yousif, A.K., H.K. Hassan, B.T. Saed and M.Y. Elia. Studies on 
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Khalal Matbuukh - Effect of Khalal Time Picking on the Physical, 
Chemical and Organoleptic Properties of the Produced Khalal 

Matbuukh (In Arabic). 582-592. 

Products 

51. Pres, H. Utilization of Date Palm Leaf Midribs for the Manufacture 
of Panel Board Products. 564-571. 

52. Hamad, A.M., A.I. Mustafa and M.S. Al-Kahtani. Possibility of 

Utilizing Dates Syrup as a Sweetening and Flavouring Agent in Ice 
Cream Making. 544-550. 

53. Khatchadourian, H.A., W.N. Sawaya, J.K. Khalil, W.M. Safi and 

A.A. Mashadi. Utilization of Dates Phoenix dactylifera L. Grown in 
the Kingdom of Saudi Arabia in Various Date Products. 504-518. 

54 Lambiote, B. Some Aspects of the Role of Dates in Human Nu­
trition. 5 72-579. 

55. Mikki, M.S., V. Th. Bukhaev, and S.F. Zaki. Production of caramel 

Color from Date Juice. 552-559. 
56. Mikki, M.S., W.F. Al-Tai and Z.S. Hamodi. Indust:iallization of 

Dates and Development of New Products 1 - Canning of Date Pulp 

and Khalal Dates. 520-532. 
57. Mustafa, A.I., A.M. Hamad, A.N. Wahdan and M.S. Al-Kahtani. 

Extraction of Date Syrup (Dibs) and Its Utilization in Bakery Pro­
ducts and Juice. 534-543. 

Storage 

58. Gillani, A.H. Effect of Curing Agents on the Physical Characters 
and keeping Quality of Date Fruit. 250-256. 

Marketing 

59. Ali, G.A. Date Production Cost Comparison in Al-Hassa and Indio. 
594-603. 

60. Khalifa, A.A. Production and Marketing of Dates-Problems and 
Means to Overcome them in Saudi Arabia (In Arabic). 639-660. 

61. Mohammed, A.M.R. The Economics of Date Palms in the Arab 
World (In Arabic). 716-724. 
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62. Sabbri, M.M., Y.M. Makki and A.H. Salehuddin. Study on Dates 
Consumers Preference in Different Regions of the Kingdom of Saudi 
Arabia (In Arabic). 618-636. 

PLANT PROTECTION 

Pathology 

63. Besri, M. Importance of Bayoud Disease (Fusarium oxysporum f. sp. 
Albedenis Malencon) of Date in Morocco. 424-431. 

64. Elarosi, H., A.E.A. Mussa and N. Jaheen. Date Fruit Rots in the 
Eastern Province of Saudi Arabia. 368-380. 

65. Elarosi, H., H. El-Said, M.A. Nagieb and N. Jaheen. Al-Wijam, 

Decline Date Palm Diseuse. 388-403. 
66. Ohr, H.D., T.V. Feather, and D.E. Munnecke. Occurrence and 

Symptomology of Fusarium Wilt of Canary Island Palms in Ca­
lifornia. 282-386. 

67. Sharif, M., and I, Wajih. Date Palm Pests and Diseases in Pakistan 
440-451. 

Entomology 

68. Abdel Salam, A.L. and A.A. El-Saeady. Ecological Studies on 
Ephestia calidella Walker and E. cautella Guen. As Date Insect 
Pests at Baharia Oases. 314-320. 

69. El-Bashir, S. and S. El-Makaleh. Control of the Lesser Date Moth 
Batrachedra amydraula Meyriek in the Tihama Region of the 
Yemen Arab Republic. 418-422. 

70. El-Adeemy, M.S., and R.M. Mobarak. The Use of Sampling and 

Actual Measurement to Estimate Dates Production in the Kingdom 
of Saudi Arabia (In Arabic). 604-616. 

71. El-Saeady, A.H.A., and A.L. Abdel Salam. Ecological Studies on 
Ephestia cautella Walker. 306-313. 

72. El-Sayed, A.H.A., and A.L. Abdel Salam. Ecological Studies on 

Ephestia cautella Walker. 306-313. 
72. El-Sayed, S.A. and N.A. Baeshin. Feasibilitv of Disinfestation of 
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Date Fruits Produced in Saudi Arabia by Gamma Irradiation. 342-
350. 

73. Hammad, S.M., A.A. Kadous and M.M. Ramadan. Predators and 
Parasites of Date Palm Insects in Al-Hassu and Al-Qatif Regions 
(Eastern Province, Saudi Arabia). 322-341. 

74. Hammad, S.M., A.A. Kadous, and M.M. Ramadan. Seasonal '· 
Abundance of the Scale Insect A oinidiel/a orienta/is (N ewstead) On 

Reziz Variety of Date Palm in Al-Qatif Region, Saudi Arabia. 298-
305. 

75. Kadous, A.A., S.M. Hammad, and M.M. Ramadan. Assessment of 
Damage Inflicted Upon Date Palms by Pseudophilus testaceus Ga­
han and Cryctes elegan Prell. in Al-Hassa Oasis. 352 361. 

76. Matsumura, F. Mechanisms of Action of New Type of Insecticides 

and their Implication on Management of Agricultural Pests. 

404-416. 
77. Saleh, M.R.A., and M.M. Hosny. Effect of Destruction of Acacia 

Pods and the Number of Acacia Trees on the Infestation of Date 
Fruits by Virachola Iivia Klug. in the New Valley Egypt (In Arabic). 
362-367. 

78. Talhouk, A.S. The Present Status of Date PALM Pests in Saudi 

Arabia. 432-438. 
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EFFECT OF SPRAYING THE INFLORESCENCES 
OF DATE PALM (Phoenix dactylifera L.) 

WITH POLLEN GRAINS SUSPENDED IN BORON, 
GA

3
AND GLYCERIN SOLUTIONS 

ON FRUIT SET AND YIELD 

F.A. HUSSAIN, S.M. BADER, K.M. SEQAB 
AND E.N. SAMARMED 

Department of Palms and Dates, Agriculture and Water Resources Research Centre, 

Fudhaliya, Baghdad-Iraq 

ABSTRACT 

A sprayingttrail method was conducted, using boron (B) and gibberellic 

acid (GA 
3
) and other solutions as activating media lor date palm pollen 

grains durmg pollination. It is found, from laboratory test, that pollen 
viability startJ to decrease within half an hour in all suspension media, with 
glycerin being relatively the best in this regard. The influence of B and GA 

3 
on fruit set and yield was trivial as it did not match the results of hand· 
pollination, and it was not significantly different from the other media 
such as glycerin-sucrose and water. In addition, the different treatments 

had no influence on total soluble solids. It is revealed, furthermore, that 

protein content starts to decrease through out the stages of fruit develop­
ment, starting from flowering to maturity of fruit 

.i,..WI 
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."-/~)1 

~ •~4j; ,~1 ~ ~ .)>\j~ ·.1-!~ ~1_,.. Jir::--~ ·~I R 
J.:...>L¢ .y G)~~~ .>.JJ. J...>l.:l-1 ~_,;; ~ ~J ..,...~~~ 
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