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FOREWORD

The date palm (Phoenix dactylifera L., Family Areaceae) is
considered the most important fruit crop in the United Arab Emirates and
in the Arabian Gulf Region. Dates were cultivated in ancient lands from
Mesopotamia to prehistoric Egypt, possibly as early as 6000 B.C. Date
palm trees are distributed throughout the Middle East, North Africa and
South Sahel, areas of East and South Africa, South West USA, Central
and South America and even in Southern Europe.

Date palm trees are essential integral components of farming
systems in dry and semi-arid regions, and can be produced equally well in
small farm units or as larger scale commercial plantation units. The
tremendous advantages of this blessed tree are its resilience, its
requirement for limited inputs, its long term productivity and its multiple
purpose attributes.

The continuous efforts of His Highness Sheikh Zayed Bin Sultan
Al Nahyan, President of the United Arab Emirates toward agricultural
development in general and date palm cultivation in particular are
generous and highly appreciated.

In accordance with the guidance of His Highness Sheik Nahayan
Mabarak Al Nahayan, Minister of Higher Education and Scientific
Research, Chancellor of United Arab Emirates University, the
Department of Arid Land Agriculture, College of Food Systems,, UAEU,
in cooperation with the Department of Agriculture and Livestock, Al-Ain,
organized The Second International Conference on Date Palms, held on
March 25-27, 2001 in Al-Ain City, UAE.

Over 200 participants from 20 countries including Bangladesh,
Belgium, Egypt, France, India, Iran, Irag, Libya, Mauritania, Morocco,
Niger, Oman, Pakistan, Qatar, Saudi Arabia, Sudan, Syria, Tunisia,
United Arab Emirates and Yemen attended the conference. This
conference furnished an excellent opportunity for the scientists,
researchers, growers, and extension officers to meet and discuss the
different aspects of dates production and utilization of by-products of
dates. These Proceedings include more than 120 research papers and
reports presented at the conference which include the latest information
on date palms.



The first volume of these Proceedings includes the agricultural
practices; pollination, growth regulation, fertilization, irrigation, thinning
and pruning, propagation; chemical composition and pest management.
The second volume deals with the tissue culture & micropropagation,
molecular markers, genetics & germplasm; postharvest; agricultural
engineering; date economics; date processing; by-products utilization and
general reports.

Sincere thanks are given to His Highness Sheik Nahayan Mabarak
Al Nahayan, Minister of Higher Education and Scientific Research,
Chancellor of United Arab Emirates University, for his inestimable
assistance and kind contribution. His wise insights were a valuable
component in ensuring the success of the conference.

The joint sponsorship of the Dept. of Agriculture and Livestock,
Al-Ain is highly appreciated.

Thanks are also extended to the organizing and scientific
committees and to the editorial board. The great efforts made by the
distinguished scientists who diligently refereed the research papers
published in these Proceedings are gratefully acknowledged.

Hopefully, these Proceedings will be useful and helpful to the
many of you who are interested in date palms!

Prof. P. Vincent Hegarty

Dean, College of Food Systems

UAE University



THE EFFECT OF POLLEN SOURCE ON FRUIT
CHARACTERISTICS OF “SEEWY” DATE CULTIVAR.

Abbas A.Moustafa

Hort. Dept., Fac. of Agric., EI-Fayoum, Cairo Univ.,
El-Fayoum, Egypt.

ABSTRACT

The effect of pollens introduced from three different zones famous
in production of date palms fruits in Egypt were studied on fruit
properties of “Seewy” date cultivar grown in El-Fayoum zone. The three
zones were EIl-Sharkia, El-Fayoum and Asswan. The present study
showed great variation in “Seewy” date fruit as affected by pollen source.
Pollens of Asswan male parent had better effect where gave high quality
of “Seewy” date fruits compared to El-Fayoum or El-Sharkia parents.
Selection among male parents in Asswan zone as pollinators are
important for improving the fruit quality for “Seewy” date cultivar which
is one of the leading semi-dry date cultivars in Egypt, especially at El —
Fayoum zone.

Additional Index Words: Phoenix dactylifera L., Pollination,
Metaxenia, Fruit quality.

INTRODUCTION

Arab Nation is leading in date production in the world. In Egypt,
date palm is one of the most important fruits and widely distributed in
different zones. There are three main types of dates based on fruit
moisture content, i.e., soft, semi- dry and dry cultivars. EI-Fayoum zone
is considered one of the main zones of semi — dry date production in
Egypt. “Seewy” date cultivar is one of the leading semi-dry date cultivars
and widely grown in EIl-Fayoum zone.

Artificial pollination in date palm trees is one of the major
practices and necessary for successful fruiting. There is a direct effect of
pollen on fruit physical and chemical characteristics. This effect, known
as metaxenia, includes fruit size (Swingle, 1928; El-Wakeel & lbrahim,
1969; El-Hammady et al., 1977; El-Ghayaty, 1982 and Abdelal et al.,
1983), colour, time of ripening (Nixon, 1928,1934 & 1951; Al-Delamiy



& Ali, 1970), weight of fruit and seed (El-Wakeel & Ibrahim, 1969;
Husssein, 1970; Husseln et al., 1976; El-Hammady et al., 1977; El-
Ghayaty, 1982 and Abdelal et al., 1983). Gasim (1993), El-Makhtoun &
Abdel-Kader (1993), Desouky et al. (1993) and Ben Salah & Hellali
(1998) cleared that the direct effect of male parent on date fruit qualities
varies according to the male parent used in female pollination.

There is a great necessity to study the metaxenia phenomenon in
"Seewy" dates. The objective of this study was to evaluate the effect of
varies pollen sources from different zones famous in production of date
palms fruits in Egypt on fruit properties of "Seewy" date cultivar grown
at ElI-Fayoum zone. such study will help in selecting of male parents that
can produce better fruit qualities of "Seewy" cultivar.

MATERIALS AND METHODS

This study was conducted during two successive seasons of 1996
and 1997 on "Seewy" date palms (Phoenix dactylifera, L.) of about 20
years old grown in loamy sand soil at EIl-Bassionia Orchard, EI-Fayoum
zone, Egypt. In both seasons, five female uniform vigorous palm tress
were selected according to their bearing of the same number of female
spathes. Regular agricultural practices were applied to all investigated
palm trees. On each selected palm tree in both seasons, nine female
spathes of nearly equal size and the same age were chosen and labelled.
Three of the nine female spathes on each palm tree were received pollens
from one of the three sources, where male parents were selected from
three different zones, i.e., El-Sharkia, EIl-Fayoum and Asswan.
Subsequently, the experiment consisted of 3 treatments, where each
treatment was replicated 5 times with 3 female spathes for each palm tree
in a complete randomized design. Hand pollination was carried out by
placing desired male pollen strands within female spathe. After
pollination, all spathes were bagged, each in a big paper bag which was
tied at the base of the spathe to prevent contamination from air or other
surrounding pollinating treatments. Thereafter, the bags were removed
out after two weeks from pollination.

All bunches were harvested all full colour stage during the second
week of October in both seasons. Samples of 30 date fruits were taken at
random from each bunch for the determination of physical and chemical
fruit properties for each treatment. The determination of fruit included
weights of fruit, flesh and seed as well as volume, peel thickness and
dimensions (length and diameter). The determination included also total
soluble solids % (TSS) by a hand refractometer, total sugars as gm.per



100 gm. of the fresh flesh weight (using the method described by Schaffar
and Hartman, 1921) and acidity as gm. per 100 gm. fresh weight
(according to the method A.O.A.C., 1970). The obtained data were
statistically analysed according to Snedecor and Cochran (1980).

RESULTES AND DISCUSSION

Tables 1 and 2 exhibit the effect of different pollen sources on fruit
physical and chemical characteristics of "Seewy" dates in 1996 and 1997
seasons.

Data proved that fruit weight was greatly influenced by pollen
source in both seasons. Meanwhile, pollens of Asswan zone greatly
increased weight of "Seewy" date fruit by 11.3 and 12.8% compared to
the male parents of El-Sharkia zone in the first and second seasons,
respectively. No significant effect in fruit weight was produced by pollens
from El-Fayoum and EI-Sharkia zones in the two seasons. These findings
agree with those reported by Gasim (1993), EI-Makhtoun & Abdel-Kader
(1993), Desouky et al. (1993) and Ben Salah & Hellali (1998) on several
date cultivars.

The present data clearly indicated that Asswan and El-Fayoum
parents produced larger fruit than El-Sharkia parent in both seasons of
study. However, no significant difference was found in fruit volume of
produced by El-Fayoum and El-Sharkia male parents in 1996 and 1997
seasons. The increase in fruit volume was associated with the increase in
fruit weight. On the other hand, the significant effect of Asswan male
parent on fruit weight and its volume was due to the great increase in
weights of flesh and seed (Tables 1 & 2).

Flesh weight of fruit significantly increased in "Seewy" palm trees
when pollinated by Asswan male parent compared to El-Fayoum and
El-Sharkia parents. This is clearly shown in both seasons. On the other
hand, flesh weight by using Asswan parent represented about 88.2 and
88.5% of fruit weight in 1996 and 1997 seasons, respectively. These
results are supported by the findings of Hussein et al. (1976), Abdelal et
al. (1983) and EI-Makhtoun & Abdel-Kader (1993).

The average seed weight varied from 2.10 to 2.20 gm. for among
the experimental treatments in both seasons. Asswan pollens produced
heavier seeds than seeds produced by pollens from El-Fayoum and El-
Sharkia pollens. The trend was same in both seasons. However, the
differences between pollen sources were significant only in the second



season. The results obtained for fruit and seed weights were in agreement
with that of Nixon (1951) who found a direct effect of pollen source on
the weight of



Table (1): Fruit properties of "Seewy" date produced by pollens of male parents from EI-Sharkia,
El-Fayoum and Asswan zones during 1996 season.

Fruit Fruit Flesh = Seed Peel Fruit dimensions TS Total Total
Pollens zone  weight ~volume | Weight | weight thickness = Length | Diameter —, | Sugars acidity
(gm.) (cc) (gm) | (@m) | (em) | (cm) | (cm) v %
El-Sharkia | 16.42 20.11 14.32 2.10 0.55 3.93 2.36 37.60 31.60 0.27
El-Fayoum | 17.11 20.80 15.00 2.11 0.65 4.21 2.58 37.90 | 31.70 0.24
Asswan | 18.28 22.23 16.13 2.15 0.74 431 2.71 38.70 | 32.10 0.23
LS.D.at5% | 1.20 1.25 1.10 N.S. 0.06 0.12 0.15 N.S. N.S. N.S.




Table (2): Fruit properties of "Seewy" date produced by pollens of male parents from El-Sharkia,
El-Fayoum and Asswan zones during 1997 season.

Fruit Fruit Flesh | Seed Peel Fruit dimensions TSS Total Total
Pollens zone | weight = Volume | Weight |weight thickness = Length | Diameter sugars | acidity
@m) (0 | (@m) (@m) | (em) | (cm) = (cm) % %
El-Sharkia 16.94 21.80 14.79 2.15 0.70 4.08 2.50 38.00 32.20 0.24
El-Fayoum 17.86 22.63 15.76 2.10 0.72 4.25 2.75 38.60 33.10 0.23
Asswan 19.10 24.12 16.90 2.20 0.77 4.35 2.73 40.10 34.60 0.20
L.S.D.at 5% 1.10 1.42 1.12 0.04 0.04 0.15 0.16 1.20 1.30 0.02




fruit and seed. Similar results have been reported by Hussein (1970),
El-Sabrout (1979) and El-Ghayaty (1982).

As shown in the attached tables, it is obvious that dates produced
by Asswan pollens had thicker peel than other parents in the two studied
seasons.

In both seasons, fruit dimensions (length and diameter) increased
by pollens of Asswan and El-Fayoum than by El-Sharkia parents. The
increases in fruit length and diameter were statistically significant in the
two seasons. These increases in fruit length and diameter supports the
findings of Nixon (1928), El-Hammady et al. (1977), Abdelal et al.
(1983), El-Makhtoun & Abdel-Kader (1993) and Ben Salah & Hellali
(1998).

Concerning the effect of pollen source on fruit chemical properties,
results indicated that the percentage of total soluble solids (TSS) was
generally higher when pollens used from Asswan zone as compared with
two other zones in the first and second seasons. However, this effect was
significant in the second season only. The results agree with those
reported by ElI-Wakeel and Ibrahim (1969), Hussein (1970), EI-Hammady
etal. (1977), EI-Ghayaty (1982) and Abdelal et al. (1983).

Values of total sugars percentage followed trend similar to that of
TSS% in both seasons. Statistically, the differences between pollen
sources were significant in 1997 season only.

In the first season, data proved that there were no significant
differences in the acidity of fruit produced by either of the male parents.
In the second season, pollens of Asswan caused relative lower acidity in
fruits compared to the pollens of El-Fayoum and El-Sharkia and the
difference was significant.

CONCLUSION

From the foregoing results, physical and chemical characteristics of
"Seewy" date fruit were greatly influenced by pollen source and this
effect varies according to the male parent used in pollination of female
trees. Fruits produced from date palm trees which pollinated by pollen
obtained from male parents grown in Asswan zone had the best qualities
in all of fruit properties than that obtained by pollens from El-Fayoum
and El-Sharkia zones. These differences in fruit quality may be due to the
genotype effect of the pollen of male parents. On the other hand, there is



a high similarity in genetic structure of male parents produced from
El-Fayoum and El-Sharkia zones. Consequently, pollen from Asswan
zone is considered a good pollinator for "Seewy" date palms grown at
El-Fayoum zone.

Author recommend the selection among male parents in Asswan
zone. Such selection is of great importance and will enable date palms
growers of "Seewy" cultivar to obtain higher fruit qualities and yield.
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EVALUATION OF NINE SEEDLING DATE PALM MALES,
USED IN POLLINATION AND THEIR METAZENIC EFFECT ON
TWO FEMALE CULTIVARS (MWL) & (MWK) AT NEW HALFA

AREA

D.H. Dawoud
Alzaaem Al Azhari University, Faculty of Agriculture, Cairo, Eygpt.

One of the main objectives was to select highly potent male palm to
raise standard male varieties. This evaluation involved 63 male palms
located in 18 private and governmental orchards in 4 districts of New
Halfa. The result showed that the time of the flowering differed from on
male to another, and the males differed in their spathe characteristics.
Also the amount of pollen grains produce per spathe varied greatly from
one male to another (25.3 - 83.10 gm / spathe). The male evaluation study
took 4 successive seasons 1992-1996, then another experiment was
conducted to study the metazenic effect of nine selected males on the
most of two commercial female cultivars (MWK and MWL) for three
successive seasons 1994 -97, strong metazenic effects of these pollens on
various fruit characteristics of MWK and MWL cultivars, fruit set,
diameter, length. weight,and maturity period, flesh or pulp weight, , seed
characters, and yield per kilogram per tree were recorded .All the nine
males shows significant differences in all parameters . Generally, we can
recommend male 3 and male 6 as high compatible males for pollination
MWK and MWL date palm cultivars under New Halfa conditions.
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DETERMINATION OF THE OPTIMAL POLLINATION PERIOD
FOR KHALAS DATE PALM CULTIVAR

Hasan R. Shabana, Saeed. A. Abdulla, Ali H. Hamoodi
Ministry of Agriculture and Fisheries
P.O. Box 1509 Dubai, UAE

ABSTRACT

This study was carried out at the Fruit Experimental Station in
Dibba (East Agriculture region) on Khalas date palm trees to determine
the optimal date or period for pollination. The study was conducted
during the seasons of 1998, 1999, and 2000 and included four pollination
periods, two, four, six and eight days after the spathe cracking. Results of
the experiment has briefly shown:

1- The fruit setting for Khalas cultivar was differed from one season to
another. In general., the fruit settings for Khalas cultivar is low
compared to other cultivars.

2- The optimal pollination time for Khalas cultivar was between 2-4 days
after the spathes cracking.

INTRODUCTION

The period for pollination and fertilization (which referred to as
receptivity of female flowers) are differed according to the cultivar of
female date palm, (1,2,3,4,5,6,7,& 8). Some cultivars e.g. Saggi and
Ashrasi, receptivity are very short and for this reason, pollination has to
be done immediately after spathe opening, otherwise delaying pollination
will lead to poor setting (1,2,3,4,5,6,&8). But in most cvs., maximum
fruit setting will be obtained by pollination within 2-4 days after spathes
opening (1). On the other hand, some cvs. can be pollinated throughout 8-
10 days.

In addition to the effect of cvs. on the length of receptivity period,
climatic factors such as temperature, humidity, wind, and rain might have
an effect on the above mentioned character, (1, 2, 7 & 8).

Khalas is one of the best date palm cvs. in UAE. Its fruit is well

preferred by consumers, and has a high price value. In the recent years, it
has been widely planted in different districts in UAE, (8).
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Khalas cv. is characterized by low percent of fruit setting, and it is
sensitive to the changes in climatic conditions. For this reason, our aim in
this experiment is to determine the proper pollination time in order to get
a high yield per tree.

MATERIALS AND METHODS

Pollination was done by using 12 male strands of almost the same
length, from same male palm tree in three seasons, 1998, 1999, 2000.

From each date palm tree under present investigation, 12 spathes
were taken and covered by paper bags before opening and then divided
into four groups. These groups were subjected to the following periods of
pollinations:

1 - Two days after spathes cracking
2-Four *“ “
3-Six * “
4 —Eight * “

The spathes remained covered for 45 days after pollination.
Maximum, minimum temperature was taken throughout November till
March for three years.

The following measurement were made during the period of study:
1- Effect of period of pollination on setting percent.

2- The effect of seasons on setting % (temperature).
Treatments were arranged in a complete randomized block design with
three replications.

RESULTS AND DISCUSSION

Data presented in Table (1) showed that the fruit setting %
throughout different times of pollination were low for the three years. The
average fruit setting was 59.31%, this is comparatively low in contrast
with other cvs. Like Lulu, Barhi, Khasab etc., which have more than 90%
(1 & 4). The reason behind that may related to genetic variation.

Percentage of fruit setting was varied by different years of

experiment. The highest setting % was obtained in 2000 season, it was
62.35 while in 1999 was 38.2 (Figure 1)
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Reducing % of setting in 1998-1999 may be due to increase of
minimum temperature at stage of growth and appearance of spathes. The
daily of average minimum temperature in December just before spathe
appearance in 1998-1999 was 20.5 C and this temperature encourage
spathe growth and appearance, meanwhile, the minimum temperature
average were 17.4, 17.0 C for the seasons, 1997-1998 and 1999-2000,
respectively.

For this reason time of pollination in 1999was very early and
average of temperature was still low, which negatively affected on
pollination, fertilizing and fruit setting.

The results in Table (1) also show the effect of time of pollination
on fruit setting % of Khalas cultivar, in 1998 the highest setting % was
recorded at 4 days after spathe opening, and the lowest % was at 8 days
after spathe opening, difference between the two times was significant.

In both seasons, 1999 and 2000 the highest fruit setting % was in 2
and 4 days, and the lowest % was at 8 days after spathe opening. Again
the above differences were significant.

Effect of pollination time on fruit setting % as average of 3 years
(1998, 1999, 2000) is shown in Fig. (2,3). The highest % was obtained
when the pollination was done after 2 or 4 days from spathes opening.
The difference between 2 and 4 days was not significant, while it was
significant between 2,4 days and 6,8 days.

RECCOMMENDATION
Under the conditions of this experiment it is recommended that the
pollination of Khalas date palm cultivar has to be done up to 4 days after

spathes opening. Any delay will decrease the percent of fruit setting.

Table (1) Effect of time of pollination on fruit setting
percentage for Khalas cv. In 1998, 1999, 2000

years
Setting % L.S.D
Pollination 2 | Pollination | Pollination | Pollination 8
Year days after 4 days after | 6 days after | days after 506 | 19%
spathes spathes spathes spathes
opening opening opening opening
1998 55.70 61.03 58.93 50.20 6.12 | 7.93
1999 48.95 46.29 30.30 27.28 6.11 | 8.02
2000 72.27 70.62 56.00 50.94 5.81 | 7.79
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Table (2) Average of maximum and minimum temperatures for 1998,

1999 and 2000 years

Year Nov. _ Dec. _ Jan. _ Feb. _ Mar. _
Max | Min | Max | Min | Max | Min | Max | Min | Max | Min

1997-1998 339 | 232 |284 |174 |26.1 |13.6 |26.0 |13.8 |29.8 | 165
1998-1999 325 |21.2 | 282 |205 |26.1 (174 |27.7 |16.2 |28.7 |17.3
1999-2000 316 | 219 |276 |17.0 |26.3 |17.3 |26.7 |16.9 |29.0 |19.1
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Fig (2) Effect of pollination time on fruit setting of khalas cv. for 1998,
1999 and 2000 seasons.

60

50

40

FRUIT SETTING % 30

20

10

2 DAYS 4 DAYS 6 DAYS 8 DAYS
DAYS

LSD 5% = 8.49
1% =10.34

18



Fig (3) Setted fruits in different treatments (pollination after 2, 4, 6, 8 day
of spathes opening)
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EFFECT OF SOME GROWTH REGULATORS ON SOME
FRUIT CHARACTERISTICS AND PRODUCTIVITY OF
DATE PALM TREES (PHOENIX DACTYLIFERAL.)

2- KHANIEZY CULTIVAR

Hamed J. Aljuburi*, Hasan H. Al-Masry, M. Al-Banna
And Saeed A. Al-Muhanna
Fac. of Agric. Sci. U.A.E. Univ. P.O. Box 17555, Al-Ain, U.A.E.

ABSTRACT

Bioregulators have used for the improvement of quality and
productivity of many fruit crops. Application of gibberellic acid (GA3)
naphthalene acetic acid (NAA), ethephon separately or in a mixture had
significant effect on fruit set, fruit dry matter percentage, fruit soluble solid
percentage, fruit ripening and yield of date palm trees. A study was
conducted to assess relative effectiveness of GAz;, NAA, ethephon and a
mixture of growth regulators on some fruit characteristics, and productivity
of date palm trees, Khaniezy cultivar. Five selected female uniform date
palm trees of Khaniezy cultivar were pollinated on March 5-15/94, 95 and
1996 by placing eight fresh male strands on female spadix center (flower
clusters were subjected to one of the following treatments: control (water),
150 mg/l GA3z; 100 mg/l NAA, 1000 mg/l ethephon and a mixture of
growth regulators. Then the fruit set (%), fruit flesh (%), dry matter (%),
total soluble solid (°Bx), fruit ripening (%), fruit weight (kg)/bunch and per
tree were measured. The data showed that the application of GA; or
ethephon on flower clusters of Khaniezy date palm trees had no constant
effect on fruit characteristics and productivity of trees. Naphthalene acetic
acid or mixture of growth regulators application on Khaniezy flower
clusters, reduced fruit dry matter percentage, fruit ripening percentage and
increased fruit weight per bunch and per tree, therefore these treatments
could be as a recommended treatments in this experiment.

Additional Index Words: Date Palm, NAA, GA;, ethephon, growth
regulators, Khaniezy, yield

Current add.* University of Qatar, College of Science, Agricultural Science Unit.
* To whom reprint requests should be addressed: al_juburi@hotmail.com
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INTRODUCTION

Synthetic and natural plant bioregulators used extensively for the
improvement of crop performance in citrus (Agusti et al., 1994, Elfving
and Cline, 1993a, 1993b and Auto and Green, 1994), blackberry (Rom,
1999), sweet cherry (Facteau et al., 1992) and avocado (Garcia and Lovatt,
2000). Many scientists studied the effect of some growth regulators on
yield and fruit quality of date fruit. Application of gibberellic acid in
combination with hand pollination increased fruit set percentage, pulp/seed
ratio, average fruit weight and size (lbrahim and Simbel, 1991). Others
found that the application of GA; decreased the seed weight, fruit weight,
pulp weight, and total soluble solid (TSS) and delayed fruit maturation
slightly (Benjamin et al., 1997) or significantly (El-Kassas, 1993;
Moustafa and Seif, 1993 and Hussein et al., 1993).

Naphthalene acetic acid application on date palm trees reduced fruit
yield per bunch, but increased fruit weight, dimensions, flesh weight
percentage and total soluble solid percentage and reduced fruit ripening
(%) (Moustafa, Seif and Abou-El-Azayem, 1993), but Benjamin et al.,
1975, mentioned that the application of NAA on date palm trees had no
effect on fruit TSS. Other auxin (2,4-DP) increased slightly satsuma
mandarin yield, but had no effect on fruit soluble solid contents (SSCs)
(Agusti, et al., 1994). Ethephon application reduced fruit set of apple trees
(Elfving and Cline, 1993a, Autio and Greene, 1994; and Ansari et al.,
1999), but increased fruit ripening, total soluble solid (TSS), fruit pulp
weight. Ethephon had no effect on bunch weight, and yield of date palm
trees (Benjamin et al., 1975; Hussein and EI-Agamy, 1993; EI-Hamady, et
al., 1993).

The objectives of this study were to assess relative effectiveness of
gibberellic acid, Naphthalene acetic acid, ethephon and mixture of growth
regulators on fruit set (%), fruit flesh (%), fruit dry matter (%), total
soluble solid (°Bx), fruit ripening (%), fruit weight and yield of Khaniezy
date palm trees.

MATERIALS AND METHODS

The experiment was carried out during three successive growing
seasons (94, 95 and 1996), five selected female uniform date palm trees
(Phoenix dactylifera L.) of Khaniezy cultivar, grown in Kuawaytate
Experiment and Research Station, Department of Agriculture and Live
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Stock, Al Ain, the UAE were used. The trees were planted in sandy soil at
10 m apart. All the trees were of similar age (25 year old), uniform in
growth, free from insects damage and diseases, and were subjected to the
same management and cultural practices. Date palm trees were pollinated
on March 5-15/94, 95 and 1996, by placing eight fresh male strands on
female spadix (flower cluster) center. Ten flower clusters were used on
each tree and every two flower clusters were subjected to one of the
following treatments: Control (Water), 150 mg/l Gibberellic acid (GAy),
100 mg/l Naphthalene acetic acid (NAA), 1000 mg/l Ethephon and
Mixture of growth regulators (150 mg/l GA; + 100 mg/l NAA + 1000 mg/I
Ethephon).

Two flower clusters were sprayed with a hand gun of the above
treatments once 20 days after pollination (DAP) during three consecutive
growing seasons (94-1996). Clusters were protected from contamination
by polyethylene bags. The bags were removed after 10 days. Solution of
growth regulators were prepared in a mixture of ethanol: water 8:92 v/v. A
non ionic wetting agent (Tween 20 surfactant) at 0.01% was included in all
treatments. The experiment was arranged in randomized complete block
design with one tree plot of 5 replications each replicate with two clusters.

All fruit bunches were covered at the Khalal stage (mature stage) by
permeable bags to avoid bird damage and fruit shattering. Ten strands were
randomly selected per each replicate (5 strands for each bunch), from the
40-50 strands that composed a bunch, to determine percentage of fruit set
at 45, 90 and 135 day after pollination (first, second and third stages of
fruit development respectively). Each bunch was tagged and labeled and
the respective percentage of fruit set per selected strand was determined by
counting the number of fruit and dividing it by the total number of the
twigs on the respective strands.

Fifty fruits were randomly selected per replication, to determine
fruit flesh (pulp) percentage, fruit dry matter percentage and total soluble
solid, (°Bx) at 90, 135 and 180 day after pollination date (second, third and
fourth stages of fruit development) (Aljuburi, 1995). Bunches were
harvested 180 day after pollination. Each bunch was then weighed and all
its respective fruits on all its strands were picked, and separated into
ripening and non ripening fruits, the percentage of ripening fruit was
determined by weighing of ripe fruit and divided by the total weight of
each replicate (Aljuburi, 1995). Total yield per tree was determined by
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harvesting the ten bunches from each tree, adding the value to the weight
of fruit harvested for fruit flesh, fruit dry matter and total soluble solid
samples. The data were subjected to Duncan’s multiple range test (DMR)
using a MASTAT Programme analysis.

RESULTS AND DISCUSSION

Application of GAj3, ethephon or mixture of growth regulators did
not effect fruit set percentage of Khaniezy date palm trees at all three
stages of fruit development (45, 90 and 135 DAP) during three successive
growing seasons (94-96). Naphthalene acetic acid increased significantly
fruit set % at the second or third stage of fruit development during first or
first and second growing season respectively as compared with control
(Table 1). The fruit set (%) of Khaniezy date palm tended to be high in the
first stage of fruit development, then progressively decreased with fruit age
throughout the three growing successive seasons. The results are in
agreement with Elfving and Cline, 1993a, 1993b who found that the
application of ethephon had no effect on apple trees fruit set.

Application of GA; or ethephon on Khaniezy date palm flowers had
no significant effect on fruit flesh percentage at second, third and fourth
stages of fruit development during two or three successive growing
seasons respectively, with exception that the application of GA; on flower
clusters increased fruit flesh (%) at fourth stage during first growing
season. Naphthalene acetic acid increased significantly fruit flesh
percentage at the second or fourth stage of fruit development during
second or first, second and third seasons respectively, whereas growth
regulators mixture increased significantly fruit flesh (%) at fourth stage
during second and third growing season compared with the control (table
). The results could conclude that the NAA treatment was more effective
on fruit flesh percentage of Khaniezy date palm trees followed by the
mixture of growth regulators than other treatment, as compared with the
control. The results are in agreement with (Moustafa, seif and Abou-El-
Azayem 1993; Shabana et al., 1993) who found that the NAA treatments
increased fruit flesh weight % of date palm trees.

Fruit dry matter percentage of Khaniezy date palm trees was reduced
significantly, when treated with GAs; NAA, or mixture of growth
regulators at the second stage of fruit development during first, third or
first and second growing season respectively as compared with the control
(table I1). Ethephon treatment increased fruit dry matter percentage
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significantly at the second stage of fruit development during the first and
second growing season as compared with GA; or mixture treatments or
during the first growing season as compared with NAA treatment but
ethaphon treatment did not show significant differences at the second stage
of fruit development during three consecutive seasons as compared with
the control. Fruit dry matter percentage was decreased significantly when
treated with GA; at fourth stage of fruit development during third growing
season. Naphthalene acetic acid or growth regulators mixture reduced
significantly fruit dry matter percentage at the third stage of fruit
development during second or second and third growing seasons
respectively relative to the control. At the fourth stage of fruit
development, fruit dry matter percentage of Khaniezy date palm trees was
decreased significantly with application of NAA or growth regulators
mixture during three consecutive growing seasons as compared to the
control (table II).
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Table I. Effect of gibberellic acid (GA3), naphthalene acetic acid (NAA), ethephon and mixture of growth regulators:
on fruit set (%) (45, 90, 135 day after pollination) and fruit flesh (%) (90, 135 and 180 day after pollination) of
Khaniezy date palm trees during 94, 95 and 1996.

Fruit set (%)

Fruit flesh (%)

Treatment Days after pollination Day after pollination
45 90 135 90 135 180

94 95 96 94 95 96 94 95 96 94 95 96 95 96 94 95 96
Control 81.31a| 74.61a| 70.83a| 55.1b | 54.87ab| 40.81a | 38.14b| 38.28b | 34.50a | 85.86a| 86.99b| 84.69a | 91.43a| 89.92a| 90.11b| 90.67c| 90.79c
150 mg/l GA; | 87.09a| 74.20a| 75.34a| 44.58b| 48.33a| 47.63a | 28.75b| 28.86b | 25.55a | 85.82a| 87.71ab| 85.55a | 91.34a| 91.56a| 91.97a| 90.57c| 90.88c
100 mg/l NAA| 84.88a| 77.74a| 73.58a| 70.56a| 67.23a| 47.34a | 61.13a| 61.90a| 39.79a | 86.96a| 88.54a| 85.83a | 91.92a| 88.56a| 91.92a| 93.19a| 92.43a
1000 mg/I 83.72a| 71.38a| 75.32a| 55.25b| 53.26ab| 47.09a | 39.35b| 41.95b | 32.68a | 85.73a| 87.62b| 84.81a| 91.27a| 91.86a| 91.25ab[ 90.68c| 91.03c
Ethephon
Mixture
(150mg/1 GA;
+100 mg/l 81.29a| 76.64a| 73.59a| 46.84b| 54.03ab| 31.71a | 33.13b|45.30ab| 26.30a | 86.12a| 87.75ab| 85.35a | 92.02a| 93.04a| 91.38ab| 92.33b| 91.77b
NAA+1000
mg/1
Ethephon)

Values are means of 5 replications (each replications represent 2 bunches).
Means within columns followed by the same letter do not differ significantly (P = 5%): Duncan’s multiple range test.
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The data concluded that the application of growth regulators
mixture on Khaniezy date palm flower clusters reduced significantly dry
matter %, followed by application of NAA, whereas GA; reduced fruit
dry matter (%) once and ethephon increased it once during three growing
seasons.

Total soluble solid (°Bx) of Khaniezy fruit increased significantly
at the second stage of fruit development during the second growing
season relative to the control with application of ethephon on date palm
flower clusters. Gibberellic acid and mixture of growth regulators
decreased significantly total soluble solid (°Bx) of Khaniezy fruit at the
second stage of fruit development during third growing season (table II).
Naphthalene acetic acid treatment had no significant effect on total
soluble solid (°Bx) of Khaniezy fruit at second stage during three
successive growing season as compared to the non treated trees.

Spraying GA; on flower clusters of Khaniezy trees decreased fruit
total soluble solid (°Bx) at fourth stage of fruit development during third
growing season compared with control. Naphthalene acetic acid or
mixture of growth regulators treatments reduced significantly total
soluble solid (°Bx) of Khaniezy fruit at the third or fourth stage of fruit
development during second and third or first and third growing seasons
respectively as compared to the control. Ethephon treatment had no
significant effect on total soluble solid (°Bx) of Khaniezy fruit at the third
or fourth stage of fruit development during second and third or three
consecutive growing seasons relative to the control (Table 2).

The results concluded that the mixture and NAA reduced
significantly total soluble solid (°Bx) of Khaniezy fruit relative to the
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Table 2. Effect of gibberellic acid (GA3), naphthalene acetic acid (NAA), ethephon and mixture of growth regulators:

on fruit dry matter (%) and total soluble solid (°Bx) (90, 135 and 180 day after pollination) of Khaniezy date palm

trees during 94, 95, 1996.

Fruit dry matter (%)

Total soluble solid (°Bx)

Treatment Day after pollination Day after pollination
90 135 180 90 135 180

94 95 96 95 96 94 95 96 94 95 96 95 96 94 95 96
Control 18.20ab | 16.85ab | 16.35a| 42.54a | 34.94b | 67.70a | 80.30a | 84.22a | 14.70a |13.83b [12.80ab | 40.18a [45.034 59.23a| 77.86ab | 85.87a
150 mg/l GA; | 16.21c | 16.01bc | 15.02a 39.68a | 35.30b | 71.56a | 80.34a |82.38b | 12.27a [13.63b |11.70c | 38.46ab [45.374 58.66a| 78.53a [80.93bc
100 mg/l NAA| 17.67b |16.47abc| 14.11b| 28.12b |32.61bc | 43.40b | 73.39c | 80.31c | 13.17a [14.27ab [12.30bc | 28.53b (32.00b| 43.13b| 72.80b |80.53bc
1000 mg/I 18.25a | 17.19a | 16.10af 39.57a | 49.05a | 67.87a |81.1la|84.41a|13.53a [15.77a |13.40a | 43.00a (49.974 68.67a| 76.40ab |82.33ab
Ethephon
Mixture
(150mg/1 GA3
+ 100 mg/l 16.74c | 15.57c | 14.83a4 28.91b | 25.68c | 44.21b | 75.41b|80.02c |12.28a |13.70b |11.60c | 28.87b [31.43b| 43.47h| 72.79b | 78.13c
NAA 1000mg/
Ethephon)

Values are means of 5 replications (each replications represent 2 bunches).

Means within columns followed by the same letter do not differ significantly (P = 5%): Duncan’s multiple range test.
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control, whereas ethephon increased it once and GA; decreased it twice at
the three stages of fruit development during growing seasons.

The results were in partial agreement with Autio and Green, 1994,
who found that ethephon treatment had no significant effect on fruit total
soluble solid (%), and with Ansari, et al., 1999, who reported that the
application of ethephon on three cultivars of apple trees increased SSC of
Royal Gala and Ultra Gold, but had no influence on SSC of Blushing
Golden apple. The results of GA; treatment are similar to that obtained by
Rom, 1999; and Facteau, 1992 who found that the GAj; treatment
decreased SSC accumulation in sweet cherry fruit in one of two years, or
had no effect on SSC of Blackberry fruits.

Ethephon treatment had no significant effect on fruit ripening
percentage of Khaniezy date palm trees during three successive growing
seasons, whereas GA; treatment reduced significantly Khaniezy fruit
ripening percentage during the first growing seasons as compared with
control (Table 3).

Fruit ripening percentage was reduced significantly with
application of NAA and mixture of growth regulators on Khaniezy date
palm flower clusters during three consecutive growing seasons as
compared to the control. The results were in agreement with Benjamin, et
al. 1975; Aljuburi, Al-Masry and Al-Muhanna, 2000 who found that
ethephon treatment had no significant effect on fruit ripening percentage.
Similar results of GA; were obtained by Autio, Green, 1994; Moustafa
and Seif, 1993; and Hussein et al., 1993a, 1993b), who found that the fruit
ripening percentage decreased with application of GA; to date palm or
apple trees, also the results of NAA are in agreement with Shabana, et al.,
1998 who reported that the NAA application to date palm flower clusters
delayed fruit ripening.

The results concluded that the spraying of NAA or mixture of
growth regulators on Khaniezy flower clusters reduced the fruit ripening
percentage. Similar conclusion was reported on Barhee date palm flower
clusters by Aljuburi, Al-Masry and Al-Muhanna, 2000.

Application of GA; on Khaniezy date palm flower clusters
decreased significantly fruit weight (kg/bunch) during first growing
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season, whereas application of ethephon on flower clusters had no
significant effect during three growing seasons. The results of ethephon
application on Khaniezy date palm flower clusters are in agreement with
Benjamin, et al., 1975; Ansari et al., 1999; Hussein et al., 1993; and El-
Hamady et al., 1993, who demonstrated that the application of ethephon
on date palm trees flower clusters had no significant effect on bunch
weight and trees yield, and with Ibrahim and Simbel, 1991; and EIl-
Kassas, 1993 who reported that the application of GA; increased bunch
weight of date palm trees.

Naphthalene acetic acid treatment increased significantly fruit
weight (kg/bunch) during first and second growing seasons relative to the
control. The results of NAA application were in agreement with Agusti et
al., 1994 who reported that the application of other kind of auxin (2,4-DP)
on Satsuma mandarin caused slight increase in crop load and with
Aljuburi, Al-Masry and Al-Muhanna, 2000 who found that spraying
NAA on date palm flower clusters increased bunch weight of Barhee date
palm trees. Application of mixture of growth regulators on flower clusters
increased significantly fruit weight (kg/bunch) during the second growing
season. Spraying GA; on Khaniezy flower clusters reduced significantly
Table 3. Effect of gibberellic acid (GA3), naphthalene acetic acid (NAA),
ethephon and mixture of growth regulators on fruit ripening (%), fruit
weight (kg)/bunch and yield (Kg)/tree of Khaniezy date palm trees during
94, 95 and 1996.

Treatment Fruit ripening (%) Fruit weight (kg)/bunch Yield (kg)/tree
94 95 96 94 95 96 94 95 96
Control 87.78a | 72.45a|76.96a | 6.59b | 3.88c |4.60ab |65.88b | 38.77c|45.96ab

150 ma/l GA; 74.69b | 67.57a|72.95a | 3.14c | 2.75c | 4.00b |31.38c | 27.51c| 39.96b

100 mg/l NAA 23.07d | 43.98b|60.68b | 11.26a | 9.00a | 5.71a [112.6a | 90.00a| 57.06a

1000 mg/I 85.96a | 71.84a|78.33a| 5.83b | 3.86c | 4.37b |58.32b | 38.55c| 43.74b
Ethephon

Mixture (150 mg/I
GA; + 100 mg/I 34.09c | 42.02b|44.38c | 6.19b | 6.82b |4.79ab |61.94b | 68.17b|47.88ab
NAA + 1000 mg/l
Ethephon)

Values are means of 5 replications (each replications represent 2 bunches).
Means within columns followed by the same letter do not differ significantly (P =
5%): Duncan’s multiple range test.
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trees yield by 52% during first growing season relative to the control, but
ethephon treatment had no significant effect on yield (kg/tree) on
Khaniezy date palm trees during three consecutive growing seasons.

Mixture of growth regulators treatment increased significantly fruit
yield of Khaniezy trees by 76% only during the second growing season
relative to the control. Naphthalene acetic acid treatment increased
significantly fruit yield of Khaniezy trees by 71 or 132% during first or
second growing season respectively as compared with the control. The
results of NAA, treatments are similar to that obtained by Aluburi, Al-
Masry and Al-Muhanna, 2000, who found that the NAA treatment
increased significantly the average yield of Barhee date palm trees.

The results of NAA treatments are in contrast to the results
obtained by Moustafa, Seif and Abou-El-Azayem, 1993, who reported
that the NAA treatments reduced the average yield of date palm trees.
These differences in results might be due to the differences in NAA
concentrations, cultivar had been used and to environmental conditions,
under which the experiment was done. The results also showed that the
yield of Khaniezy date palm trees were higher for most treatments during
the first growing season followed by third and second growing seasons,
with exception of NAA and mixture treatments, which had higher
yield/tree during first or second growing season respectively. The data
suggest that NAA may be more effective in increasing Khaniezy date
palm trees yield than other treatments under Al-Ain conditions of the
United Arab Emirates.

CONCLUSIONS

The results concluded that the application of NAA or mixture of
growth regulators once, twenty days after pollination on flower clusters of
Khaniezy date palm trees during the growing season, reduced dry matter
percentage of fruit, fruit ripening and increased fruit flesh percentage,
fruit production per bunch and per tree, therefore these treatments could
be as a recommended treatment in this research, under Al-Ain region,
conditions, the United Arab Emirates.
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EARLY RIPENING OF DATES USING ETHREL
Sulafa Khalid Musa
Food Research Centre, PO. Box 213 Khartoum North, Sudan
ABSTRACT

Dates (Phoenix dactylifera) is grown predominately in northern
parts of the Sudan where rainfall is scarce. In the last ten years due to
flooding of the Nile many trees were destroyed. Hence it was deemed
necessary to grow it in other areas such as Khartoum. In Khartoum the
rainfall starts at the middle of July and peaks in the middle of August till
end October. Early ripening is a necessity to avoid rotting and
fermentation. Use of ethrel (2-chloroethylphosphonic acid) by two
methods was tried at the beginning of June (when the fruits starts to
change color) and two weeks later. The first method by making a small
pit on the peduncle and injecting into it 2ml of ethrel (480g/l) then cover
it with cellotape. The other method by spraying by 1000ppm ethrel. There
was significant increase in fruit ripening especially by the first method.
However, the ripening did not exceed 70% in Mishrigi Wadlagi cultivar
by mid august. On the other hand, Mishrigi Wad Khatib ripening
percentage could exceed 90% by beginning of August i.e. before the
heavy rains starts. Hence, It is recommended that Mishrigi Wad Khatib
should be grown in Khartoum area since it ripens earlier and applying
ethrel by the pit method.

INTRODUCTION

Dates (Phoenix dactylifera) is grown predominately in northern parts
of the Sudan where rainfall is scarce. In the last ten years due to flooding
of the Nile many trees were destroyed. Hence it was deemed necessary to
grow it in other areas such as Khartoum. In Khartoum the rainfall starts at
the middle of July and peaks in the middle of August till end October.
Hence early ripening is a necessity to avoid rotting and fermentation .As a
mean to hasten ripening before the peak of rainfall ethrel (2-
chloroethylphosphonic acid) was tried. It is widely used as preharvest
spray for hastening and even ripening of a wide fruits range such as
tomatoes, peppers, table grapes also it has other uses e.g. to increase yield
in cucurbits, tomatoes (Abeles et al 1992, AttaAly etal 1998). Ethrel as
postharvest treatment is not yet cleared but some time is used on
experimental level .It had been reported that it hasten ripening in dates
(Mollud and Ibrahim 1992) Also it was used for thinning of dates fruits
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El-Hamady etal (1982). Mishrigi wad Lagi and Mishrig wad Khatib are
the predominant semi soft dates in Sudan.

During 1998 season ethrel was tested for hastening ripening of
Mishrigi wad Lagi dates in form of latex formulation at 10%
concentration. It was applied as drops in a pit made in the peduncle. The
results showed an increase in the rate of ripening as a result of ethrel use
(74.6% 46.9% and 43.2% for ethrel in pit, pit without ethrel and control
treatments respectively, Musa 1998). Hence in 1999 the experiment was
repeated, but applying ethrel in the pit and as spray twice. Also in 2000
season Mishrigi wad Khatib cultivar which is known to ripen earlier was
treated with ethrel to enhance its ripening

MATERIALS AND METHODS
1999 season

Four trees of Mishrigi wad Lagi were chosen randomly in Hag
Beshir Farm in Geiref Gharb (suburb of Khartoum). On 15th June when
fruits just started to change color and two weeks later The following
treatments were applied in1999 season on five bunches of the four trees:
1-Untreaed control
2-Making a small pit by a sharp knife about 20 cm away of the peduncles
3-Making a pit the same way and injecting into it 2 ml. of ethrel (480g/I

a.v.) by a syringe and covering the pit with cellotape
4-Spraying with ethrel at concentration of 1000ppm.

After the treatments rings made of palm fronds were put in the
middle of the bunch to improve aeration. Then the bunches were bagged
in green net bags, (yellow ones were attacked by birds in previous
seasons)

2000 Season

Mishrigi wad Khatib were treated first time on 7th June when the
fruits started to change color and then two weeks later. Five bunches of
similar maturity in four randomly chosen trees were treated as previous
season. However one tree ripened earlier than the rest, so it was excluded
in the final calculations.

Every week starting beginning of July six peduncles were

harvested from each of the five bunches. Each treatment was harvested in
different colored polythene bags and the person who was harvesting was
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asked to harvest three peduncles from the out side and three from the
inside without looking at the bunch. The peduncles of similar treatment in
same tree were grouped together. Then the fruits were categorized to
green, greenish yellow, yellow and ripe (any degree of softness was
considered as ripe). Yellow fruits were left at ambient for two days and
any soft fruits were included in the ripe fruits category. Percentage of
yellow and ripe fruits was calculated.

Cultivars maturity

On 12th August 2000 to test the cultivars maturity difference in the
same season two trees of Mishrigi wad Lagi and two of Mishrigi wad
Khatib close to each other and subjected to similar cultural practices were
chosen. From each tree four bunches were harvested and their fruits were
categorized as above.

Total soluble solids

On 27th July and 3rd of august 2000 total soluble solids Mishrigi
wad Khatib was determined using hand refractometer. Yellow part of
rutab from thirty fruits of the different treatments in each tree were diced
and the average of three reading was taken
Experimental Design and Statistical Analysis

Experiments were of a complete randomized blocks design, they

were analyzed for significant statistical differences using LSD test at 5 %
level (Little and Hill 1978)
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Results and Discussion

Tables 1&2 indicate that ethrel using the pit method is very
effective in hastening ripening, before the peak of raining, in case of
Mishrigi wad Khatib. However, in case of Mishrigi wad Lagi ripening
was 68.5% at the peak of rainfall. Actually after August, the 12th rotting
and fermentation started to set in, between 15-20% of produce was rotted
by 23rd of August, The pit method was much easier to conduct since the
sprayer used was awkward to handle. The one used was shoulder carried
type. It seems, that the spraying could not be done properly. On the other
hand, making a pit by sharp knife could be done while other cultural
practices are performed i.e. at the stage of lowering of the bunches or at
covering them with net bags stage .The other advantage of the pit method
is that the chemical is not sprayed directly on the fruits. However,
preharvest spraying of the fruits is cleared by Food and Drug
Administration (USA) for other fruits

The tree that ripened earlier was treated differently at pollination
time, since the inflorescence was wrapped. Khalfan et al (1995)
recommended this treatment in Arab Emirate State for early ripening of
dates.

Table 1 % Soft fruits of Mishrigi Wad Khatib (W.K.) and Mishrigi
Wad Lagi (W.L.)

Date 20" July | 27" July 3" August | 12" August

M.K. MK. | M.L. | MK. | M.L. M.L.

Treatments

Control 16.1 a 31.2a | 7.7a | 40.5a | 45.4a 59.7a
Pit 22.6ab | 33.9a | 19.3b | 54.6b | 41.5a 57.1a
Ethrel 306b 38.5a | 17.9b | 50.2b | 48.6a 68.5b
sprayed

Ethrelinpit | 619c | 77.3b | 15.8b | 90.3c | 58.4b 66.0b

Means within each column followed by the same letter are not
statistically different at the 5% level.
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Table 2 % Yellow fruits Of Mishrigi Wad Khatib (W.K.) and
Mishrigi Wad Lagi (W.L)

Date 20" July | 27" July 3" August | 12™ August

M.K. MK. | MLL. | MK. | M.L. M.L.

Treatments

Control 32.3a 26.8a | 78.0a | 38.9a | 25.3a 31.4a

Pit 49.0b | 22.7ac | 44.8b | 30.6a | 35.4b 19.5b

Ethrel 45.9b 36.9a | 54.3c | 34.8a | 35.7b 17.7b

sprayed

Ethrel in pit | 29.1a 17.5¢c | 72.4a | 8.0b | 23.6a 17.0b

Means within each column followed by the same letter are not
statistically different at the 5% level.
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Fig. 2: Percentage Of Soft Fruits at Different Dates for Mishrigi
Wad Khatib(MK)and Mishrigi Wad Lagai(ML)
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Table 3 indicates there a significant increase in total soluble solids as
fruits ripened which expected, as there is more accumulation of
sugars with more advanced maturity. However, there is no
significant difference between the treatments except the control

Table 3 Total soluble solids of Mishrigi Wad Khatib

Date 27" July | 3™ August
Treatments
Control 42.7a 48.0a
Pit 48.0b 51.7ab
Ethrel 46.7b 52.7b
sprayed
Ethrel inpit | 51.3b 54.7b
Mean 47.2 51.8

L.S.D. 5% Date 3.2

Means within each column followed by the same letter are not
statistically different at the 5% level.

43



Fig. 3: Total soluble solids of Mishrigi Wad Khatib 2000 Season
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In comparing the maturity of both cultivars percentage of ripe fruits
for Mishrigi wad Lagi was 33.6 % and for Mishrigi wad Khatib was 71.8
%, which was significantly higher on 12th of August 2000 (LSD at 5%
was18.9). This shows clearly that Mishrigi wad Lagi matured later than
Mishrigi wad Khatib. Actually this was observed all through the orchard.
If a comparison is made between this result and 1999 season; the natural
difference of maturity of the same cultivar i.e Mishrigi wad Lagi could be
observed .Controls in the treated trees was much advanced in maturity
(59.7 % tablel)this could be to due many factors such seasonal changes
and cultural practices.

It is highly recommended to avoid growing Mishrigi wad Lagi in
Khartoum area.

Also beside ethrel treatment other cultural practices should be tried
such as wrapping of inflorescence and frequency of watering after
maturation. .Less frequently watered trees ripened earlier and the quality
of fruits was better. They could withstand harvesting with minimum
damage.
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EFFECT OF AUXINS AND CYTOKININS ON THE IN VITRO
PRODUCTION OF DATE PALM (PHOENIX DACTYLIFERA L.)
BUD GENERATIVE TISSUES AND ON THE NUMBER OF
DIFFERENTIATED BUDS.

Helal H. Al Kaabi*, A. Rhiss and M. A. Hassan
UAE University, Plant Tissue Culture Laboratory
P.O. Box 80667, Al-Ain, UAE.

ABSTRACT

The present study includes the effect of 18 different media
developed from various combinations of two auxins (IAA and NAA)
tested at the following concentrations: 0.1, 0.4, 0.8, 1.6, and 3.2 mg/l in
addition to the control (no growth regulators), and also it presents the
effect of 23 different media obtained from the combination of three
different cytokinins (Kin, BAP, and 2iP) at different concentrations (0.1,
0.4, 0.8, 1.6, and 3.2 mg/l) on the date palm shoot bud generation from
meristematic tissues of Khenezi cultivar.

The maximum percentage of bud generative tissue was induced by
the addition of 1.6 mg/l IAA alone or 0.4 mg/l of both IAA and NAA to
the initiation medium, and also by the addition of 3.2 mg/l 2iP or 1.6 mg/l
BAP. The maximum number of differentiated buds per bud generative
tissue resulted from the addition to the initiation medium of 0.8 mg/l IAA
as well as to the addition of 3.2 mg/l 2iP.

Both auxins and cytokinins proved to be essential for the induction
of bud generative tissues and for the differentiation of shoot buds from
cultured explants.

The initiation medium contained Murashige and Skoog (1962)
inorganic salts supplemented with 100 mg/l myo-inositol, 0.5 mg/l
nicotinic acid, 0.5 mg/l pyridoxine, 0.1 mg/l thiamine-HCIl, 2 mg/l
Glycine, 40 mg/l adenine sulfate, 2 g/l polyvinylepyrrolidone (PVP
40000), 3 mg/l activated charcoal, and 40 g/l sucrose.

Additional Index words: date palm, Phoenix dactylifera L., tissue
culture, In Vitro, propagation.
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INTRODUCTION

Biotechnology has provided a promising alternative to the demand
on date planting material. Plant tissue culture techniques have been
employed to clone a wide range of economically important palms such as,
coconuts, around the world oil palms, and date palms. These techniques
cover a wide range of methodologies for the reproduction of whole plant
organs such as shoots, roots and embryos under sterile conditions. They
also include the culture of masses of unorganized callus or single cells, or
even protoplasts. This occurs because each individual cell of a plant is
totipotent (the capacity to form a whole organism when cultured under
certain growth conditions). Tissue culture of date palms in the UAE
gained an important momentum with the establishment of the Plant
Tissue Culture Laboratory in the UAE University in February 1989.

Date palm tissue culture follows one of two methods: Asexual
embryogenesis and organogenesis. The first method generates an
embryogenic callus obtained from the cotyledonary sheath of date palm
embryos, especially apical meristems and lateral buds. Organogenesis, on
the other hand, is the method of generating a plant through culturing
small plant parts (apical meristem, lateral buds or primary basis) on
defined nutrient media. This results in obtaining a large number of
plantlets without passing through the callus stage. Accordingly, the

possibility of induced genetic variation is eliminated in the organogenesis
method.

Research in the area of date palm cultivation using organogenesis
technique is deficient. Little is known about the interaction between
different cultivars of date palms, the time of the year during which the
shoot tip is selected from the mother, and the effect of various factors on
the development and growth of the tissue.

In the light of the above, the present research was conducted with
the following main objectives:

1. To develop a culture medium that optimizes tissue development
through the testing of various media, and

2. To quickly establish a reliable, reproducible and efficient shoot

bud regeneration system for date palms using organogenesis
technique.
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MATERIALS AND METHODS

The present studies were conducted through three successive
seasons (1996-1998), at the Plant Tissue Culture Laboratory and its
greenhouse facilities of the UAE University at Al-Ain. The studies aimed
at the establishment of efficient multiplication systems from excised date
palm tissues.

Plant Materials

The conducted experiments used "Khenezi" date palm (Phoenix
dactylifera L.) offshoots, a well-known cultivar throughout the UAE. The
offshoots were collected from good renown farms in Al-Ain palm grove
and transferred to the laboratory at Al-Oha area. The offshoots were 3-4
years old, collected from healthy, disease-free mother palms (Fig.1.a),
and weighted approximately 7-10 kg per each bulb offshoot. The
offshoots base was cleaned by running water and the outer large leaves
and fibers were carefully and gradually removed by s sharp knife until the
appearance of the shoot tip zone (Fig. 1.b). Special care was taken not to
injure the meristematic region. Shoot tips were then carefully delimited to
approximately 5-7 cm in length and 3-5 cm in width (Fig.1.c).

Shoot tip disinfection

The excised shoot tips were cleaned by distilled water then
subjected to disinfection procedure. The excised shoot tips were subjected
to two consecutive disinfection steps. Firstly, the isolated shoot tips were
sterilized by soaking them for 20 minutes in a fungicide solution,
(Benlate at a concentration of 5 g/1). Secondly, the shoot tips were dipped
in 33% commercial Clorox solution (5.2% sodium hypochlorite) for 20-
25 minutes. The explants were then rinsed three times with autoclaved
distilled water, each for 5 minutes under aseptic conditions provided by a

laminar airflow hood, to remove any residual disinfectant before cultures
are initiated.

Treating explants with an antioxidant solution

The disinfected explants were then soaked in an antioxidant
solution to minimize production of phenols (causing the browning), and
to protect them from desiccation. The antioxidant solution consisted of 2
g/l polyvinylpyrolydon (PVP, Mw = 40,000), 100 mg/l sodium
diethyldithiocarbonate AR (Mw=225.30), and 200 mg/l anhydrous

caffeine (Mw=194.2). The shoot tips were kept in this solution until
culture time.
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Fig.1. Plant materials (Offshoots) used as a source of explants.

50



Culture procedure of shoot tips

Isolated shoot tips were taken from the antioxidant solution and
placed in a sterilized Petri dish containing some of the antioxidant
solution. The primary xylem and bases of leaves were then cut off from
the shoot tips. The rest of each explant was cut in half at right angles
around the apical dome. The apical meristematic area was then divided

into small pieces each of about 3-5 mm3, and consideration was taken to

leave some leaf primordia per explant. Each explant was then cultured on
a 20 ml initiation medium in 24x200 mm test tubes.

Initiation stage

The initiation medium contained Murashige and Skoog (1962)
inorganic salts and supplemented with 100 mg/l myo-inositol, 0.5 mg/l
nicotinic acid, 0.5 mg/l pyridoxine, 0.1 mg/l thiamine-HCI, 2 mg/l
glycine, 40mg/1 adenine sulfate, 2g/1 polyvinylpyrolydon (PVP 40000), 3
g/l activated charcoal, 40 g/l sucrose, and solidified with 7 g/l agar agar.
The pH was adjusted to 5.7 prior to the addition of agar agar and
autoclaving was for 15 minutes at 121°C (Fig.2).

The initiation medium was supplemented with different growth
regulators combinations as presented in experimental procedures. The
initiation medium included activated charcoal for 2 subcultures, and then
the explants were sub cultured on the same media, without charcoal until
the end of the experiments. During the first four months of the initiation
stage, cultures were incubated in darkness, at 28°C + 1.

Multiplication stage

After four months on the initiation medium, cultures were
transferred to a multiplication medium containing the same components
as in Initiation medium, but devoid of activated charcoal and
supplemented with 30 g/l sucrose instead of 40 g/l as in the initiation
medium (Fig.3). The growth regulators added to the multiplication
medium were Indol acetic acid (IAA) at 0.4 mg/l, Naphthaline acetic acid
(NAA) at 0.1mg/l, Kinetin (KIN) at 0.1 mg/l and NO6-(2-isopentyl)
adenine (2iP) at 1.5 mg/l. All growth regulators were added to the
medium before autoclaving, except IAA, which was added to the medium
after autoclaving, at a temperature of about 55°C (sterilized through a
22um Millipore sterilized filter). In this stage, cultures were maintained
under light conditions of a 16/8-hr photoperiod at 30puMol m2 sec-1.
Cultures were then sub cultured every four weeks.
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Fig.2. The initiation stage.

Fig.3. The multiplication stage.
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Elongation stage

Multibuds formed on explants in the multiplication medium were
isolated and individually separated, then cultured on an elongation
medium. The elongation medium contained the same components as in
initiation medium devoid of activated charcoal and growth regulators, but
supplemented with 30 g/l sucrose. The cultures were kept for one month

under a 16/8-hr photoperiod regime, at 30pmol m-2 sec-! before being
transferred to the rooting stage (Fig.4).

Rooting stage

Elongated shoots, 13-18 cm in length, were transferred to a rooting
medium containing the same basic components as in the initiation
medium, but without charcoal, and supplemented with 30g /1 sucrose and
1 mg/l NAA. Cultures were kept under the same light regime as
previously described in the multiplication and elongation stages, where
they became ready to transfer to the greenhouse conditions (Fig.5, 6 a,b).
However the plants acclimatized.

Experimental Procedures

Part 1: Effect of different auxins at various concentrations on the

production of bud generative tissues and number of
differentiated buds per explant.

The effect of 18 different media developed from various
combinations of auxin types and concentrations, in addition to control
(free hormones medium) at the initiation stage on bud regeneration from
shoot-tips, was investigated. The initiation medium was supplemented
with two different auxins namely indol acetic acid (IAA), and
naphthalene acetic acid (NAA), each at seven different concentrations,
0.0, 0.1, 0.4, 0.8, 1.6, 3.2, and 6.4 mg/l. In addition, five media were
developed from an equal combination of IAA + NAA at 0.1 mg/l each,
0.4 mg/l each, 0.8 mg/l each, 1.6 mg/l each, and 3.2 mg/l each. In
addition to the tested auxins, naphthoxy acetic acid (NAO), 6-
Benzylaminopurine (BAP), Kinetin (Kin) and N6-(2-isopentyl) adenine
(2iP) were added to all media at a fixed concentration of 4 mg/l, 0.4 mg/I,
0.4 mg/l, and 0.4 mg/l, respectively. The experiment had 16 replications
(test tubes) per treatment and each tube had one explant. The experiment
was set up in a randomized complete block design, and data were
analyzed by analysis of variance using SAS program (SAS, 1989), with
means separated by the least significant difference (LSD) test (Gomez
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Fig.4. The elongation stage.

Fig.5. The rooting stage.
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Fig.6.a,b. Transfer of the date plantlets to the Green House.
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and Gomez, 1984). Contaminated cultures were not included in the
analysis.

Part 2: Effect of different cytokinins at various concentrations on the

production of bud generative tissue and number of
differentiated buds per explant.

The effect of 23 different media developed from various
combinations of cytokinin types and concentrations at the initiation stage
on bud regeneration from shoot-tip, was investigated. The initiation
medium was supplemented with three different cytokinins namely BAP,
Kin and 2iP, each at 0.1, 0.4, 0.8, 1.6, 3.2, and 6.4 mg/l. In addition, five
media were developed from an equal combination of Kin, BAP and 2iP at
0.1 mg/1 each, 0.4 mg/l each, 0.8 mg/l each, 1.6 mg/l each, and 3.2 mg/l
each. All auxins (IAA, NAA, and NOA) were added to the media at a
fixed concentration of 0.4 mg/l. The statistical design and analysis
followed the same procedures as explained above.

Collected Data

The following data were recorded in the experiments after 4
months in initiation culture:

(1) Percentage of explants that formed apical buds. (Fig.7.a,b,c,d).
(2) Percentage of explants that formed roots (Fig.8.a,b,c).

(3) Percentage of explants that formed bud generative tissues after 4, 5, 6,
and 7 months. (Fig.9.a,b,c).

(4) Number of differentiated buds per explant was recorded after 5, 6, and
7 months from culture initiation. (Fig.10.a,b).

RESULTS AND DISCUSSIONS
Part 1: Effect of different auxins at various concentrations.

Part 1.1. Effect of different auxins at various concentrations on the

percentage of explants that formed apical buds and roots
from cultured shoot tips.

The obtained results indicated that the presence of an auxin in the
culture medium was not an essential requirement for the formation of
apical buds from the shoot tips. However, it was essential for the rooting
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(2) (b)
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Fig.7.a,b,c Apical bud formation at various stages of development.
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(b)

(©)

Fig.8.a,b,c. Root formation on the explants at various stages of
development.
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(b)

©

Fig.9.a,b,c Differentiation of bud generative tissues.
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(b)

Fig.10.a,b. Regeneration of shoots from differentiated buds.
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of explants (Fig.11). Increasing the level of either tested auxin IAA or
NAA to 1.6 mg/l resulted in an increase in the number of explants
forming apical buds (Fgill.a). However, increasing IAA concentration to
3.2 or 6.4mg/l resulted in a reduction on the percentage of explants that
formed apical buds. Similarly, NAA behaved like IAA and the best
percentage of apical bud formation resulted when NAA was used at 1.6
mg/1.

Combining IAA and NAA at an equal concentration of 0.1 mg/l
resulted in a significant increase in the percentage of explants that formed
apical buds over the control treatment, 0.4 mg/l of IAA or NAA and the
combination of IAA and NAA, each at 3.2 mg/l (Fig.11.b). It was also
more effective than all other tested auxin treatments, but not to the level
of significance.

The obtained results indicated that the presence of enough
endogenous auxins in the cultured explant tissues was enough to enhance
the regeneration of apical buds, but it was not sufficient to induce the
maximum apical bud regeneration capacity. Maximum numbers of apical
buds were obtained when IAA or NAA were supplied to the medium at
1.6 mg/l. This result indicated that the total auxin concentration resulting
from the sum of the endogenous level and exogenous supply (1.6 mg/l)
balanced with the cytokinins added to the medium, and led to the
formation of maximum number of apical buds. The achieved results were
in agreement with those of Omar (1988) who worked on date palm
(Maktoom cultivar) and stated that buds and shoots were generated at the
complete absence of auxins, but reached the maximum when the medium
was supplemented with 1 mg/l NAA, and reduced by 50 % when NAA
was added at 3 mg/l. Similarly, Zaid and Tisserat (1983) reported that
apical buds grew and were able to proliferate shoots at 0.01 mg/l NAA,

but maximum number of shoots proliferated from apical buds when NAA
was used at 1 mg/l.

Concerning the effect of different concentrations of auxin on
percentage of explants formed roots, data are illustrated in (Fig.11.a,b).
These results showed that increasing the level of auxins, regardless of the

different of auxin, was associated with the increase in percentage of
explants that formed roots.

Culturing explants on a medium containing NAA at 3.2 or 6.4 mg/1
resulted in the production of the highest and most significant percentage
of rooted explants. The obtained results were even higher than the
percentage rooted explants treated with the highest IAA concentration
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Fig.11.a,b. Effect of different auxins at various concentrations on the
percentage of explants that formed apical buds and roots from
cultured shoot tips of Khenezi date cultivar. AB (Apical Bud).
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(6.4 mg/1) or the highest concentration of auxins in the combination (IAA
at 3.2 mg/l and NAA at 3.2 mg/l). Data in Figurell.a also revealed that
NAA at every tested concentration was more effective than IAA, in terms
of inducing the cultured explants to form roots.

The absence of auxins was associated with the complete absence of
roots. It was well established that exogenous cytokinins are commonly
known as root inhibitors. Also, it is documented that an appropriate
balance between the cytokinin and auxin is essential. Higher auxin
concentrations will be used to promote the formation of polyamine
synthesis required for root formation (Friedman et al., 1985). The
obtained results were correlated to the previous information where
maximum rooting occurred at the highest tested auxin level, 6.4 mg/l IAA
or 3.2 and 6.4 mg/l NAA. The achieved results are supported by the those
of Omar (1988), Zaid and Tisserat (1983) and Vernamendi and Navarro
(1996). They indicated that a relatively high auxin concentration is
required to obtain roots.

Part 1.2. Effect of different auxins at various concentrations on the
percentage of explants that formed bud generative tissue
after 4, 5, 6 and 7 months of culture.

Obtained results pointed out that an auxin was essential to
stimulate the explants to form bud generative tissue. The absence of an
auxin in any tested incubation period was associated with no formation of
bud generative tissue. The excessive IAA concentration (6.4 mg/l) also
did not induce the explant to form bud generative tissues (Fig.12.a).

There was a gradual increase in the percentage of explants that
produced bud generative tissues with the increase of IAA concentration
from 0.4 mg/l to 0.8 mg/l and then to 1.6 mg/l. Increasing the level of
auxin in the medium to 3.2 mg/l or higher (6.4 mg/l) resulted in a
reduction in the formation of bud generative tissues. However, the
concentration of 3.2 mg/l proved to be better than 0.4 mg/l IAA. The
obtained results were consistent through all tested incubation periods, i.e.
4,5, 6, and 7 months. There was more produced bud generative tissue
associated with increasing the incubation period, especially if the number
of generative tissue after 4, and 5 months were compared to those after 6
and 7 months. On the other hand, the low concentration of NAA (0.1)
was promotive for the production of bud generative tissue from explants
after 4, 5, 6 or 7 months. The increase in NAA concentration from 0.1
mg/] to 1.6 mg/l resulted also in a gradual increase in the percentage of
explants that formed bud generative tissue (Fig.12.b). The NAA
concentration above 1.6 mg/l caused a reduction in the tested parameter
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Fig.12.a,b,c. Effect of different auxins at various concentrations on the percentage
of explants that produced bud generative tissues after 4, 5, 6 and 7
months of incubation of cultured shoot tips of Khenezi date palm
cultivar. BGT (Bud generative tissue).
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and no bud generative tissues were formed when the level of NAA was
increased to 6.2 mg/l. The rate of increase in percentage bud generative
tissues was associated with the increase in IAA level from 0.4 to 1.6 mg/l.
This rate was higher than the rate of increase of NAA level from 0.4 to
1.6 mg/l. The described results were consistent through all tested
incubation periods. Increasing the incubation time resulted in an increase
in the percentage of explants that formed bud generative tissues.

The effect of combinations of both NAA and IAA was similar to
that of any of the auxins tested individually (Fig.12.c). The combination
(0.4 mg/l TAA and 0.4 mg/l NAA) was the most effective in stimulating
the production of bud generative tissues. There was a reduction in the
percentage of explants that formed bud generative tissues, when the
concentration of both combined auxins reached 1.6 mg/l. Furthermore,
data indicated that the most significant and promotive treatments for
increasing the percentage bud generative tissues were IAA alone at a
concentration of 1.6 mg/l and the combination of (IAA at 0.4 mg/l +

NAA at 0.4 mg/l). This was consistent all over the different tested
incubation periods.

Part 1.3. Effect of different auxins at various concentrations on the
average number of regenerated buds from bud generative
tissue after 5, 6, and 7 months of incubation.

Data indicated that an auxin is a necessary medium’s component
for bud differentiation, since the absence of auxin was associated with the
disappearance of buds from bud generative tissues. Also the results of the
number of differentiated buds after 5 months incubation proved that even
the low concentration of exogenous [AA, i.e., 0.1 mg/l and 0.4 mg/l was
not enough to induce bud differentiation (Fig.13.a). Increasing the
concentration of IAA up to 0.8 mg/l resulted in the regeneration of
significantly the highest number of buds, followed by 1.6 mg/l of IAA.
However, increasing the level of IAA to a concentration higher than 0.8
mg/l was associated with a significant reduction in the number of buds. In
addition, if the concentration of used IAA reached 6.4mg/l, no bud
differentiation occurs at all. Similarly, NAA at a low concentration
(Fig.13.b), (0.1 and 0.4 mg/l) did not stimulate bud regeneration. The
addition of NAA at a concentration of 0.8 mg/l resulted in a significant
increase in the number of buds regenerated from tissues, and any increase
in NAA level above 0.8 mg/l was accompanied by a reduction of these
buds, and a complete absence of buds was obtained at a concentration of
3.2mg/l or 6.4mg/l. The most significant combinations of auxins were
those containing IAA and NAA at 0.4 mg/l or 0.8 mg/l each (Fig.13,c).
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Any other tested combination of IAA and NAA resulted in a significant
reduction in the number of differentiated buds. After 6 and 7 months of
incubation, it was quite clear that IAA at 0.8 mg/l was the most effective
and significant treatment in increasing the number of differentiated buds
from bud generative tissues. The low concentrations of IAA, i.e. 0.1 and
0.4 mg/l showed a positive increase of bud regenerated from tissues after
6 or 7 months of incubation but they were at the least in terms of
significance. Increasing the level of IAA to above 1.6 mg/l caused a
significant reduction in the number of differentiated buds after 6 and 7
months of incubation. Similarly, data in (Fig.13.b) showed that the best
and most effective concentration of NAA was 0.8 mg/l. After 6 months of
incubation, 0.4 mg/l NAA was equal in its effect to 0.8 mg/l, but was less
effective compared to 0.8 mg/l after 7 months of incubation. Increasing
the level of NAA to a concentration higher than 0.8 mg/l significantly
reduced the number of regenerated buds per bud generative tissues. IAA
and NAA, both at 0.4 mg/l, were the most effective and significant
combination that improved number of differentiated buds from bud
generative tissues after 6 or 7 months of incubation, followed by the
combinations of (0.8mg/l IAA, 0.8mg/l NAA) and (1.6mg/l IAA +
1.6mg/l NAA). One general observation can be concluded from the data
illustrated in (Fig.13), was that the number of differentiated buds from
bud generated tissue increased with the increase of incubation period.

The number of differentiated buds behaved similarly to the
percentage of formed bud generative tissues, where both required low
auxins and high cytokinins. The increase in auxin concentration to above
0.8 mg/l was associated with a significant reduction in the number of
differentiated buds, regardless of auxin type. The formation of shoot
buds, whether directly from explanted tissues or indirectly from callus, is
regulated by the interaction between auxins and cytokinins, with the
cytokinin higher in balance. High concentrations of auxin will promote
either undifferentiated callus or root formation.

These results correspond to those obtained by (Omar, 1988: Gabr
and Tisserat, 1985; and Zaid and Tisserat, 1983). Also there was a
significant increase in the average number of differentiated buds with

progress in time, indicating a successful differentiation of meristemoids
into buds.

Part 2: Effect of different cytokinins at various concentrations on the

production of bud generative tissue and number of
differentiated buds per explant.
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Part 2.1. Effect of different cytokinins at various concentrations on
the percentage of explants that formed apical buds and

roots from cultured shoot tips of Khenezi date palm
cultivar.

The results showed that a cytokinin was not an essential
requirement for the production of apical buds where 12.5% of the control
explants succeeded to form apical buds (Fig.14.a). However, the addition
of a cytokinin improved the percentage of explants that formed apical
buds, and this improvement was significant in most cases. Data also
pointed out that Kinetine alone was not effective in increasing apical buds
formation as compared to BAP and 2iP as well as the combination of all
three cytokinins. The highest percentage explants that formed apical buds
in the case of Kin treatment was (37.5%), which was achieved at a
concentration of 0.4 mg/l, compared to 50% apical bud formation that
resulted from BAP at 1.6 mg/l., 2iP at 3.2 mg/l, and the combination of
(Kin + BAP + 2iP) each at 1.6 mg/l (Fig.14.b) It was also clear that the
low concentration of a cytokinin (0.1 mg/l), as well as the high
concentration (6.4 mg/l) reduced the percentage of explants formed apical
buds, even in the case of a combination of the three cytokinins. The most
effective concentration varied depending on the cytokinin type, it was 0.4
mg/l in the case of Kin, 1.6 mg/] in the case of BAP, 3.2 mg/l with regard
to 2iP and the combination of Kin + BAP + 2iP at 1.6 mg/l each.

The results which indicated the ability of control explants to form
apical buds may be attributed to the presence of sufficient endogenous
level of a cytokinin in their tissues, which was enough to induce bud
formation at a low percentage. These results are correlated to those
obtained by Sunderland and Wells (1968), who stated that in the tissues
of Oxalis dispar, cell division proceeds with the addition of a cytokinin to
the culture medium. Similarly, Skoog et al. (1973) succeeded to isolate

three natural cytokinins from a cytokinin-independent strain of tobacco
callus.

Since different cytokinin types differ in their effectiveness,
different concentrations of tested cytokinins, i.e. Kin, BAP, 2iP and their
combination resulted in a maximum apical bud formation. However, the
results showed that using the highest concentration of a cytokinin led to
reduction in percentage of the apical bud formation. The reason for this
phenomenon could be that many aspects of cellular differentiation and
organogenesis in tissue and organ culture have been found to be
controlled by an interaction between cytokinin and auxin concentrations.
The balance between the two sorts of growth regulators is usually

68



:z ‘ —— % AB (KIN)

" 1 e —=— % AB (BAP)

£ 40 i o g i i

-t s 1 | |+ % ABQiP)

a 20 - % \‘\"'0 P (K]N)

x % —*— % Roots (BAP)
0 | T M— —*— % Roots (2ip)

0 01 04 08 16 32 64
Cytokinin Concentrations (mg/l)

(a)

—— % AP —a— % Roots

60

T

30 e
20

% Explants

10 e
0 \i r # : ™

0.1+0.1+0.1  0.4+0.4+0.4 1.6+1.6+1.6 3.2+3.2+3.2

(KIN+BAP+2iP) Concentration (mg/

(b)

Fig.14.a,b. Effect of different cytokinins at various concentrations on
the percentage of explants that formed apical buds and
roots from cultured shoot tips of Khenezi date palm

cultivar.

69



required to initiated growth or differentiation in tissue culture. Hence, a
high concentration of a cytokinin might have unbalanced ratio to auxin
that could cause a reduction in percentage of the apical bud formation.
Another explanation for this phenomenon was introduced by Palmer and
Palni (1987) and Motyka and Kaminek (1990) who pointed out that in
several different kinds of plant tissues, the activity of cytokinin oxidase
was enhanced by exogenous application of cytokinin, which suggested

that treating plants with synthetic cytokinins could decrease the level of
the natural endogenous compounds.

Concerning the percentage of explants that produced roots, data
illustrated in (Fig.14.a,b) indicated that there was an opposite relationship
between the percentage of explant that formed roots and the increase in
cytokinin concentrations. Increasing the level of cytokinins above 0.1
mg/l in the case of kin (Fig.14.a) or the combination of the three
cytokinin (Fig.14.b) at 0.1 mg/l resulted in an inhibition of root
formation. Also, in the case of BAP and 2iP, increasing the concentration
from 0.1 mg/l to 0.8 mg/l or higher, was associated with a significant
reduction in the percentage of root formation, and any increase in
cytokinins concentration above 0.8 mg/l was accompanied with a
complete inhibition of root formation. Generally, the highest percentage
of root formation resulted from control treatment, which proved that
cytokinins were not necessary for root induction.

The results of percentage explants formed roots showed that
regardless of the type of cytokinin used, the increase in cytokinins level
was associated with a reduction in percentage explant formed roots. Also,
data proved that the highest percentage of explant formed roots was
obtained with the complete absence of cytokinin or at a very low
concentration (0.1mg/l 2iP). These results are in agreement with the fact
that high concentration of cytokinin, generally inhibits or delays root
formation (Ben-Jaacov et al., 1991), and also prevents root growth and
the promotive effects of auxins or root initiation (Humphries, 1960). On
the other hand, Fries, (1960) demonstrated that low concentration of
cytokinins can sometimes induce or promote root growth. Also, Boxus
and Terzi (1988) advocated the addition of 0.5 mg/l Kin and an auxin to
the rooting medium for strawberries and several woody plants, finding
that the cytokinin had a bacteriostatic effect and rooting was not impaired

Part 2.2 Effect of different cytokinins at various concentrations on

the percentage of explants that formed bud generative
tissues after 4, 5, 6 and 7 months of incubation.
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The results proved that a cytokinin was essential to induce the
explants to form bud generative tissue, while the absence of cytokinin at
any incubation period was associated with the complete lack of bud
generative tissues formation (Fig.15). Data also showed that the low
concentration of cytokinins (0.1 mg/1 of Kin or BAP and 0.1 and 0.4 mg/1
of 2iP) or the high concentration (6.4 mg/l) of both Kin and BAP
cytokinins, were not promotive for the formation of bud generative
tissues. However, 2ip at 6.4 mg/l was positively effective in inducing
explants to form bud generative tissues.

The illustrated results in (Fig.15.a) showed that best Kin
concentration was 0.8 mg/l, and induced a higher percentage of explants
that formed bud generative tissue after 4, 5, 6 and 7 months of incubation.
In the case of BAP, 0.8 mg/l proved to be effective in improving the
percentage of explants produced bud generative tissues. However, the
concentration of 1.6 mg/l BAP was even better than 0.8 mg/l BAP in all
tested incubation periods. Also, BAP at 3.2 mg/l was able to induce
explants to produce bud generative tissue, but it was less effective than
0.8 mg/l and 1.6 mg/l, especially after 6 and 7 months of incubation. Data
also showed (Fig.15.c) that 2iP at 3.2mg/l was more effective than other
tested 21P concentration in increasing the percentage of explants produced
bud generative tissues, followed by 1.6 mg/l 2iP. Increasing the
concentration of 2iP to 6.4 mg/l was associated with a reduction in
percentage explants formed bud generative tissues and was similar in its
effect to that of 2iP at 0.8 mg/l. The tested cytokinin combination was
less effective than individual cytokinins, e.g. BAP and 2ip at 0.4 mg/] was
the most positive. The combination of cytokinins increased the
percentage of explant that formed bud generative tissues. In general, the
best and significantly effective cytokinin treatments were BAP at 1.6mg/1
and 2iP at 3.2mg/l. These two treatments also showed a clear increase in
percentage explants formed bud generative tissues, which was associated

with the increase in length of incubation periods, especially after 7
months.

The achieved results of complete absence of adventitious buds at
zero cytokinin may be attributed to the effect of cytokinin in encouraging
the growth and formation of adventitious buds, whether directly, from
explanted tissues or indirectly from callus, the point that is regulated by
an interaction between auxins and cytokinins. Also, increasing the level
of cytokinin, regardless of the used type, to 6.4mg/1 caused a reduction in
the case of 21P or complete absence in the case of Kin and BAP of bud
generative tissue formation (Fig.20). These results may be due to the
negative effect of the inhibition of endogenous cytokinin level as a result
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of stimulating the enzyme cytokinin oxidase by the high exogenous
supply of synthetic cytokinin (Motyka and Kaminek, 1990). The results
also showed that BAP and 2iP were more effective in inducing the
formation of bud generative tissue than Kin, especially at 1.6 mg/l, and
this can be explained by two important facts. The first is that the addition
of Kin at high concentration in the culture medium stimulates the
synthesis of phenolic compounds and enhances browning due to the
oxidation of polyphenols and formation of guinores which are highly
reactive and toxic to the tissues (Zaid, 1984). The second fact is due to
the specificity of cytokinin action, where it was found that the effect of
cytokinins on tissue or organ cultures could vary according to the
particular compound used (Fujimura and Komamine, 1975). A
requirement for particular cytokinin is sometimes noted for the promotion
of direct or indirect adventitious bud formation, for example, cultures of
Browallia viscosa required 2iP for initiation of adventitious bud, but
Kinetin or Zeatin were ineffective (Welsh and Sink, 1981).

Part 2.3 Effect of different cytokinins at various concentrations on
the average number of regenerated buds from bud
generative tissue after 5,6, and 7 months of incubation.

Effect of cytokinin type and concentration on average number of
buds differentiated from each bud generative tissue was studied. The
results showed that cytokinins are absolutely necessary for bud
differentiation, where the complete absence of cytokinin or even using it
at low concentration (0.1 and 0.4 mg/l) did not stimulate bud
differentiation at all in the case of BAP and 2iP. However, the
concentration of 0.4mg/l Kin induced bud generation only after 6 and 7
months incubation, (Fig.16.a). Increasing the level of cytokinin to 1.6
mg/l in the case of BAP or 2iP increased bud differentiation frequency
after 5 months of incubation (Fig.16.a,b). The maximum number of
differentiated buds after 5 months was achieved when the medium was
supplemented with 3.2 mg/l 2iP. Increasing the level of Kin or BAP to
higher concentrations than 1.6 mg/l resulted in the absence of bud
differentiation and the increase of phenolic components production.
However, increasing the level of 2iP to 3.2 mg/l or 6.4 mg/l did not
enhance oxidation of phenolic components and, therefore, stimulated bud
regeneration (Fig.16.c). After 6 months of incubation, or after the
accumulation of up taken cytokinins, the concentration of 0.8 mg/l of any
tested cytokinins started showing positive effect on bud differentiation.
The 2iP was the most effective cytokinin at 0.8 mg/l. Increasing the level
of Kin to more than 0.8 mg/l inhibited the regeneration of buds, but
increased bud regeneration in the case of BAP and 2iP, especially at 1.6
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mg/l. Again, increasing the level of 2iP to 3.2 or 6.4 mg/l caused a non
significant reduction in the number of differentiated buds, compared to
the level of 1.6mg/1. After seven months of incubations, there was a clear
increase in number of regenerated buds from bud generative tissues. The
low concentration of Kin (0.4 mg/l) was associated with less browning
and highest number of bud differentiation that resulted from any kin
concentration. Increasing the level of Kin above 1.6 mg/l inhibited bud
differentiation. Increasing BAP level to above 3.2mg/l seemed to be
inhibitory for bud differentiation. Also the data indicated that best BAP
concentration was 1.6mg/l, where it resulted in 5.3 buds / bud generative
tissue. Concerning the effect of 2iP, it was clear that using 2iP at 0.8 mg/I
or higher was of a promotive effect for induction of bud differentiation.
Number of regenerated buds resulted from the application of 2iP at
1.6mg/1 or higher was more than any tested level of Kin or BAP. The
most significantly effective concentration of 2iP was at 3.2 mg/l,
followed by 1.6mg/l when they produced 7.3 and 7.0 regenerated buds /
bud generative tissue respectively. In fact, these two treatments of 2iP
(3.2 and 1.6mg/l) were significantly better than all other tested hormonal
concentrations, regardless of the cytokinin type.

The combinations of cytokinins were significantly less effective in
inducing bud regeneration compared to separate cytokinin treatments
(Fig.16.d). Only the combination of Kin, BAP and 2iP at 0.4mg/l each,
resulted in bud differentiation, but at a significantly lower level compared
to the other discussed cytokinin treatments.

The results reflected the strength of the fact that cytokinins are
required and are very effective in promoting bud or shoot differentiation.
A balance between cytokinin and auxin normally gives the most effective
organogenesis (George 1993). Also the highest number of differentiated
bud / bud generative tissues was achieved when the cytokinin was 2iP at
1.6 or 3.2 mg/l, followed by BAP at 1.6 mg/l. Decreasing the level of
cytokinin to less than 1.6 mg/l was associated with a reduction in number
of regenerated buds due to the change of cytokinin: auxin ratio required
for initiation of bud formation (George 1993). On the other hand,
increasing the cytokinin concentration to 6.4 mg/l resulted in a reduction
in number of regenerated buds / bud generative tissues, and this
phenomenon may be due to the activity of cytokinin oxidase which is
enhanced by the high exogenous application of cytokinins (Palmer

and Palni, 1987; Motyka and Kaminek, 1990). The data also
proved that 2iP is more effective type of cytokinin than Kinetin or BAP.
This may be attributed to the specificity of cytokinin type and action,
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where a requirement for a particular cytokinin is sometimes noted for the
induction of adventitious shoot. For example, cultures of Browallia
viscosa required 21P for the initiation of adventitious shoot buds, and Kin,
BAP or Zeatin were ineffective (Welsh and Sink 1981).

CONCLUSIONS

The main goal of the research is to study the effect of hormonal
combinations on the In Vitro organogenesis of date palm (Phoenix
dactylifera L., cv. Khenezi) In vitro.

The presence of an auxin in a culture medium was not an essential
requirement for the formation of apical buds from shoot tips but it is
essential for developing apical buds. Increasing the level of either tested
auxin (IAA or NAA) to 1.6 mg/] resulted in an increase in the number of
explants that formed apical buds. Increasing IAA concentration to 3.2 or
6.4 mg/l resulted in a reduction on the percentage of explants that formed
apical buds. Similarly, the auxin NAA behaved like IAA. Combining
IAA and NAA together at an equal concentration of 0.1 mg/1 resulted in a

significant increase in the percentage of explants that formed apical buds
over the control treatment.

The presence of endogenous auxins in the cultured explant tissues
was sufficient to enhance the regeneration of apical buds, but it was not
enough to induce the maximum apical bud regeneration capacity.

NAA at every tested level was more effective than IAA at any
tested concentration, in terms of inducing the cultured explants to form
roots. The absence of auxins was associated with the complete absence of
roots, and it was well established that exogenous cytokinins are
commonly known as root inhibitors.

Data pointed out that auxin was essential to stimulate the explants
to form bud generative tissue, while the absence of auxin after any tested
incubation period was associated with no bud generative tissue.
Furthermore, there was a gradual increase in the percentage of explants
that produced bud generative tissues with the increase of [AA
concentration from 0.4 to 0.8 and then to 1.6 mg/1.

The combination of both NAA and IAA behaved in the same
manner as any of the auxins alone, with the combination (0.4mg/l each)

being the most effective in stimulating the production of bud generative
tissues.

76



Increasing the used auxin level to a higher concentration reduced
significantly the percentage bud generative tissue formation.

The results indicated that auxin is a necessary medium component
for bud differentiation, since the absence of auxin was associated with the
disappearance of buds from bud generative tissues. Also the results of the
number of differentiated buds after 5 months incubation period proved
that even the low concentrations of exogenous IAA, i.e., 0.1 and 0.4 mg/1,
were not enough to induce bud differentiation. Increasing the
concentration of IAA up to 0.8 mg/l resulted in the regeneration of
significantly highest number of buds from bud generative tissues,
followed by 1.6 mg/l of IAA.

The data of the number of differentiated buds behaved similarly to
percentage explants formed bud generative tissue, where both required
low auxin and high cytokinin concentrations. The increase in auxin
concentration to above 0.8 mg/l was associated with a significant
reduction in number of differentiated buds, regardless of auxin type. The
formation of shoot buds whether directly from explanted tissues, or
indirectly from callus, is regulated by the interaction between auxins and
cytokinins, with the cytokinins generally should be higher in balance,
where high concentration of auxins will promote either undifferentiated
callus or root formation.

The results showed that cytokinin was not an essential requirement
for the production of apical buds where 12.5% of the control explants
succeeded to form apical buds. However, the addition of cytokinin
improved the percentage of explants that formed apical buds, and this
improvement was significant in most cases.

The most effective concentration varied depending on the type of
cytokinin, it was 0.4 mg/l in the case of Kin, 1.6 mg/l in the case of BAP,

3.2 mg/l with regard to 2iP and the combination of Kin + BAP + 2iP at
1.6 mg/1 each.

In addition, the ability of control explants to form apical buds may
be attributed to the presence of enough endogenous level of cytokinins in

their tissues, which was enough to induce bud formation at a low
percentage.

Regarding the percentage explants formed roots results showed that
there was an opposite relationship between percentages explant formed
roots and the increase in cytokinin concentrations. The obtained results
showed that regardless of the type of cytokinin used, the increase in
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cytokinin level was associated with a reduction in percentage explant
formed roots. Also, data proved that the highest percentage explant
formed roots was obtained with the complete absence of cytokinin or at a
very low level (0.1mg/1 2iP).

The results proved that cytokinin was essential to induce the
explants to form bud generative tissue, where the absence of cytokinin at

any incubation period was associated with the complete absence of bud
generative tissues formation.

The tested cytokinin combination was less effective than individual
cytokinin, e.g. BAP and 2ip at 0.4mg/l was the most positive. The
combination of cytokinins increased the percentage of explant that
formed bud generative tissues. In general, the best and significantly
effective cytokinin treatments were BAP at 1.6 mg/l and 2iP at 3.2 mg/l.
These two treatments also showed a clear increase in percentage explants
formed bud generative tissues, which was associated with the increase in
length of incubation periods, especially after 7 months.

The results showed that cytokinins are absolutely necessary for bud
differentiation where the complete absence of cytokinins or even their use

at a low concentration (0.1 and 0.4 mg/l) did not stimulate bud
differentiation at all.

The most significantly effective concentration of 2iP was 3.2 mg/I,
followed by 1.6 mg/l when they produced 7.3 and 7.0 regenerated buds /
bud generative tissue respectively. The combinations of cytokinins were
significantly less effective in inducing bud regeneration compared to
separate cytokinins treatments.
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APPENDIX

Table 1. Effect of different auxins at various concentrations on
the percentage of explants that formed apical buds and
roots, of cultured shoot tips of Khenezi date palm

cultivar.
% Explants
Auxin (mg/l) ol Eoeri %f EXP]S“‘S R
apical buds ormed roots.

Control 12.5 0.00

IAA (0.1) 18.75 0.00

IAA (0.4) 25.0 6.25

IAA (0.8) 37.5 6.25

IAA (1.6) 43.75 12.5

IAA (3.2) 3125 12.5

IAA (6.4) 25.0 25.0
NAA (0.1) 18.75 6.25
NAA (0.4) 31.25 125
NAA (0.8) 43.75 18.75
NAA (1.6) 43.75 25.0
NAA (3.2) 37.5 43.75
NAA (6.4) 11,25 43.75

IAA (0.0), NAA (0.0) 18.75 0.00
IAA (0.1), NAA (0.1) 375 0.00
IAA (0.4), NAA (0.4) 43.75 12.5
IAA (0.8), NAA (0.8) 3. 18.75
IAA (1.6), NAA (1.6) Kyl 3125
IAA (3.2), NAA (3.2) 3123 37.5
LSD (5%) 16.02 21.34

Control: medium free from any growth regulators.
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Table 2. Effect of different auxins at various concentrations on the

percentage of explants that produced bud generative tissues
after 4,5,6 and 7 months of incubation of cultured shoot tips of
Khenezi date cultivar.

% Explants | % Explants | % Explants | % Explants
: roduced roduced roduced roduced
b BI()}T after 4 B%T afier 5 | BGT after 6 | BGT after 7
months. months. months. months.

Control 0.00 0.00 0.00 0.00
IAA (0.1) 0.00 0.00 0.00 0.00
IAA (0.4) 6.25 6.25 12.5 125

IAA (0.8) 12.5 18.75 18.75 25.0
IAA (1.6) 25.0 25.0 3125 31.25
TIAA (3.2) 12.5 12.5 18.75 18.75
IAA (6.4) 0.0 0.0 0.0 0.0

NAA (0.1) 6.25 6.25 6.25 12.5
NAA (0.4) 6.25 6.25 125 12,5
NAA (0.8) 128 12.5 18.75 18.75
NAA (1.6) 135 12.5 12:8 18.75
NAA (3.2) 6.25 6.25 6.25 12.5
NAA (6.4) 0.0 0.0 0.0 0.0

IAA (0.0), NAA 0.0 0.0 0.0 0.0

IAA (0.1), NAA 12.5 12.5 18.75 18.75
IAA (0.4), NAA 25 25.0 3125 31.25
IAA (0.8), NAA 18.75 18.75 25.0 25.0
IAA (1.6), NAA 6.25 6.25 6.25 12.5
TAA (3.2), NAA 0.0 0.0 0.0 0.0

LSD (5%) 14.09 15.09 19.32 21.45

BGT: Bud generative tissue.
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Table 3. Effect of different auxins at various concentrations on the
average number of differentiated buds regenerated after 5, 6,
and 7 months per bud generative tissue, of cultured shoot tips
of Khenezi date palm cultivar.

No. of No. of No. of
Differentiated | Differentiated | Differentiated
Auxin (mg/l) buds / BGT buds / BGT buds / BGT
After 5 After 6 After 7
months. months. months.
Control 0.0 0.0 0.0
IAA (0.1) 0.0 0.0 0.0
[IAA (0.4) 0.0 1.0 20
[AA (0.8) 1.0 2.5 7.0
[AA (1.6) L5 17 3.25
[IAA (3.2) 0.50 |5 4.0
[AA (6.4) 0.0 0.0 0.0
NAA (0.1) 0.0 1.0 2.0
NAA (0.4) 0.0 20 4.0
NAA (0.8) 1.0 2.0 5.5
NAA (1.6) 0.5 1.5 4.0
NAA (3.2) 0.0 0.0 2.0
NAA (6.4) 0.0 0.0 0.0
IAA (0.0), NAA 0.0 0.0 0.0
IAA (0.1), NAA 0.50 B 4.5
IAA (0.4), NAA 30 2ol 6.25
IAA (0.8), NAA 1.0 2.0 5.70
IAA (1.6), NAA 0.0 2.0 5.0
IAA (3.2), NAA 0.0 0.0 0.0
LSD (5%) 0.2242 0.5776 1.328
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Table 4. Effect of different cytokinins at various concentrations on
the percentage of explants that formed apical buds and
roots of cultured shoot tip of Khenezi date palm

cultivar.
% Explants | % Explants
Cytokinin (mg/l) formed formed

apical buds roots.
Control (0.0) 12.5 25.0
KIN (0.1) 25.0 12.5
KIN (0.4) % i 0.0
KIN (0.8) 11.25 0.0
KIN (1.6) . § S 0.0
KIN (3.2) 25.0 0.0
KIN (6.4) 18.75 0.0
BAP (0.1) 18.75 18.75
BAP (0.4) 25.0 6.25
BAP (0.8) L 6.25
BAP (1.6) 50.0 0.0
BAP (3.2) 43.75 0.0
BAP (6.4) 31.25 0.0
2iP (0.1) 125 25.0
2iP (0.4) 25.0 18.75
2iP (0.8) 35 12.5
2iP (1.6) 3125 0.0
Z2iP (3.2) 50.0 0.0
2iP (6.4) 215 0.0
KIN (0.1), BAP (0.1), 2iP 31.25 125
KIN (0.4), BAP (0.4), 2iP B 0.0
KIN (1.6), BAP (1.6), 2iP 50.0 0.0
KIN (3.2), BAP (3.2), 2iP 31.25 0.0
LSD (5%) 16.01 14.75
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Table 5. Effect of different cytokinins at various concentrations on the
percentage of explants that produced bud generative tissue after
4, 5, 6 and 7 months of incubation of cultured shoot tips of
Khenezi date palm cultivar.

%

%o

%

%

Explants | Explants | Explants | Explants
S e s o e
after 4 after 5 after 6 after 7
months months months months
Control (0.0) 0.00 0.00 0.00 0.00
KIN (0.1) 0.00 0.00 0.00 0.00
KIN (0.4) 6.25 .25 6.25 6.25
KIN (0.8) 12.8 125 18.75 1R.75
KIN (1.6) 6.2 6.25 12.5 125
KIN (3.2) 6.25 6.25 6.25 6.25
KIN (6.4) 0.00 0.00 0.00 0.00
BAP (0.1) 0.00 0.00 0.00 0.00
BAP (0.4) 6.25 625 6.25 6.25
BAP (0.8) 125 12,9 18.75 18.75
BAP (1.6) 18.75 25.0 25.0 AE28
BAP (3.2) 120 0.1250 12.5 12.5
BAP (6.4) 0.00 0.00 0.00 0.00
2iP (0.1) 0.00 0.00 0.00 0.00
2iP (0.4) 0.00 0.00 0.00 0.00
2iP (0.8) 6.25 6.25 123 12.5
2iP (1.6) 123 2.5 18.75 18.75
2iPeL.2) 18.75 25.0 25.0 31.25
2iP (6.4) 6.25 6.25 125 125
KIN (0.1), BAP (0.1), 2iP 6.25 6.25 6.25 125
KIN (0.4), BAP (0.4), 2iP 125 128 18.75 18.75
KIN (1.6), BAP (1.6), 2iP 0.00 0.00 0.00 0.00
KIN13.2), BAP (3.2, ZiP 0.00 0.00 0.00 0.00
LSD Value (5%) 138 14.75 18.66 2135
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Table 6. Effect of different cytokinins at various concentrations on the
average number of differentiated buds regenerated after 5, 6, and
7 months per bud generative tissue, resulted of shoot tips of
Khenezi date palm cultivar.

No. of No. of No. of
Differentiate | Differentiate | Differentiate
Cytokinin (mg/l) d buds / BGT | d buds / BGT | d buds / BGT

After 5 After 6 After 7

months months months
Control (0.0) 0.0 0.0 0.0
KIN (0.1) 0.0 0.0 0.0
KIN (0.4) 0.0 1.0 3.0
KIN (0.8) 0.5 1.0 2.5
KIN (1.6) 0.0 0.0 2.0
KIN (3.2) 0.0 0.0 0.0
KIN (6.4) 0.0 0.0 0.0
BAP (0.1) 0.0 0.0 0.0
BAP (0.4) 0.0 0.0 0.0
BAP (0.8) 0.0 1.5 3.5
BAP (1.6) 0.67 2.0 T
BAP (3.2) 0.0 1.0 3.0
BAP (6.4) 0.0 0.0 0.0
2iP (0.1) 0.0 0.0 0.0
2iP (0.4) 0.0 0.0 0.0
2iP (0.8) 0.0 2125 5.0
2iP (1.6) 1.0 25 7.0
2iP (3.2) 1.0 2.2 1.0
2iP (6.4) 1.0 2.0 6.0
KIN (0.1), BAP (0.1), 2iP 0.0 0.0 0.0
KIN (0.4), BAP (0.4), 2iP 0.0 1.0 3.0
KIN (1.6), BAP (1.6), 2iP 0.0 0.0 0.0
KIN (3.2), BAP (3.2), 2iP 0.0 0.0 0.0
LSD Value (5%) 0.3125 0.5665 0.8340
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ABSTRACT

The Date Palm Research and Development Programme in the
UAE, Co-implemented by the UAE University and the United Nations
Office for Project Services (UNOPS) since 16 June 2000, will be
presented. The Project’s background and justification, its development
objectives along with the immediate objectives, outputs and activities will
also be discussed.

Key words: Date Palm, Phoenix dactylifera, UAE — University,
UNOPS.

Date Palm Culture in UAE

The United Arab Emirates (UAE), proclaimed on the 02nd
December 1971, is set up of seven Emirates with Abu Dhabi the capital
of the State. UAE, with a total land area of 83,600 km? (including
approximately 200 islands) is inhabited by 2.443 million.

Climatically, the country is divided into two ecological zones
which greatly influence the agricultural production: These are the coastal
region with hot and humid summers and warm winters, and the inland
region which is more dryer.

Under the leadership of His Highness, The President Sheikh Zayed
Bin Sultan Al-Nahayan, there are continual efforts to increase agricultural
productivity, to make better use of available resources, and to produce an
agricultural leap that is changing the face of the UAE’s desert.

Indeed, His Highness, The President, attaches a great importance to
agricultural development in general, and to date palm in particular. This
special attention is clearly evident in the continued expansion in
agricultural resources and investments, in the fast growth in the number
of palm trees, in the continued increase in the size and variety of date
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projects, in the extensive use of modern technologies, and in the
important initiatives undertaken in the areas of manufacturing and
marketing of date fruits.

The potentialities of a commercial date production industry in UAE
were realised many years ago. This fact is evidences by the recent
planting of several million date palms to proudly reach the level of above
40 million date palms. (UAE News Agency; Al Khaleej No. 7763 of
20/08/2000).

The annual date production in UAE has jumped from less than
8,000 metric tonnes (MT) in 1971 to more than 240,000 MT in 1995, an
increase of about 30 fold. The date fruit import had consequently dropped
from 100,000 MT (1989) to 12,000 MT (1994). The decline corresponds
with an increase in the country’s production of 100,000 MT over the
same period. The export of dates had also jumped from zero (0) in 1971
to above 50,000 MT in 1998 with a value of US$ 15 million. The country
exports its dates to India, Indonesia, Malaysia and Pakistan.

According to FAO Agristat-Database (1997), the UAE date
harvested area has increased from less than 60 hectares (ha) in 1971 to
31,005 ha in 1996. This increase in superficy is about 48 times and
allowed the country to be internationally classified as the Seventh major
producing country with six percent of the world date production. This
date superficy constitutes 15 % of the total cultivated land (about 200,000
ha).

The actual date tree population as mentioned above is about 40
millions of which 8.5 in AL-AIN region. The gene pool is large and
composes about 120 date varieties. New introductions from Saudi Arabia,
Irag, Iran and Oman included Khallas, AbouMaan, Hallawi, Khissab,
Khenezi, Nabut Saif, Jabiri, Hillali, Lulu, Chichi, Khadraoui, Sakii,
Sultana and Barhi varieties.

The Red Palm Weevil (RPW), Rhynchophorus ferrugineus Olive.,
Is considered a major pest of the date palm in the Middle East where it
causes severe damage. During a period of 5 years, the RPW infected trees
in the UAE jumped from 1,3000 (1990) to 44,000 date palms (1995).
This pest infestation is annually doubling with a rate of 2.02 and
constitues a threat to the date industry in the country, as well as to the
whole region.
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As previously stated, the UAE Government is making all efforts to
increase the date tree population in order to promote the date industry and
to counteract the destruction effect of the RPW. Several million of date
trees, covering a large spectrum of renown date varieties, are hence to be
rapidly and cost-effectively produced through tissue culture.

The Date Palm Tissue Culture Laboratory of the Date Palm
Research and Development Unit of the UAE University — Al Ain, was
established during 1989 and took several years to reach a functional level.

However, major hurdles and specific problems and issues for
consideration in developing a Date Palm Research & Development
Progarmme are the following:

- Lack of high-quality date cultivars:

Most date plantations consist of seedling characterised by low fruit
quality and yield. The import and planting of good quality
varieties, propagated locally through tissue culture techniques, will
strengthen the foundation of UAE date industry.

- Tissue Culture Laboratory:

The planting of seedling still exists and should be discouraged.
The removal and planting of offshoots is effected improperly and
great losses result. Rooting of small offshoots, their adequate
removal and planting will certainly enhance the survival rate. In
order to satisfy the urgent and large demand for high-quality
selected varieties, micro propagation in vitro constitutes the only
issue. True to type plantlets of high quality date varieties and
disease free will be mass produced by the Al Ain Laboratory and
within a short period of time.

Only a well functioning tissue culture laboratory will be able to
meet the future demand of the country. It will also be possible to
enhance foreign exchange earnings, by satisfying the large demand
for date planting material in the Middle East region.

- National Capacity:
A major technical hurdle which could block the rapid expansion of

the date industry in the near future is the almost complete lack of
“know-how” of practical tissue culture techniques of date palm. In
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fact, rare people that have been fully trained in date palm in vitro
mass propagation and there is a lack of information related to such
technique. The background of technical and scientific staff, and
manpower should be upgraded.

The build up of national capacity in the field of date palm tissue
culture is to be targeted by the project.

- Research & Development Programme:

A well structured and coordinated research and development
programme on date palm propagation and production is of an
urgent need. The sustainability of the Tissue Culture Laboratory
will strongly depend on the adopted research programme and on
the national staff training.

PROJECT PRESENTATION

To increase and to diversify crop production is the main
Government policy thrust for Agriculture. Improving the country’s food
self-sufficiency ratio is the target although, at present, there is a shift
towards food security. Under the leadership of His Highness, The
President Sheikh Zayed Bin Sultan Al-Nahayan, there are continual
efforts to increase agricultural productivity, to make better use of
available resources, and to produce an agricultural leap that is changing
the face of the UAE’s desert.

Presently, the Government and private sector date growers are
convinced of the date production potential and are striving to establish
and strengthen date plantations and to promote a modern date production
industry. However, they are partially lacking some good quality date
varieties, and are planning to mass-propagate these selected varieties
through tissue culture techniques to satisfy the demand.

It is therefore necessary to overcome all shortcomings which could
hamper the development and strengthening of the date palm production
industry in the UAE.

The Government of the United Arab Emirates (UAE), in the
framework of its development plans, has placed the establishment of a date
production industry among its priorities. The Date Palm Research and
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Development Programme (DPRDP) is one of several projects implemented
by the UAE -University. Indeed the UAE-University plays a distinct role
through multi disciplinary research programs at the Agricultural Sciences
Faculty. The Date Research and Development Unit which includes the Plant
Tissue Culture Laboratory is one of these important programmes. Over the
past ten - (10) years, substantial investments have been made in the date
production and propagation areas mainly using tissue culture techniques.

At the initiative of the United Nations Development Programme
(UNDP) Country’s office in UAE and the UAE University, an introduction
mission to UAE University was undertaken by the Chief Technical Adviser
(CTA) during the period 19 - 27 February 1999. The implementation of
this introduction mission was made possible by funds from the UNDP
Country’s office (Abu Dhabi - UAE).

The objectives of this mission were to assess the situation of the date
palm tissue culture laboratory, identify technical constraints to be overcome
and to formulate an overall strategy and action Programme to support the date
palm research and development programme in UAE. A project document
proposal was drafted and submitted to UNDP Headquarters. In the context of
the Country Cooperation Framework for the period 1997 - 2001, the UAE -
University requested the UN technical assistance for a Date Palm Research
and Development Programme.

Consequently, an agreement was signed on 5 December 1999,
between the UAE - University as agent of the UAE - Government and the
United Nations Development Programme (UNDP) representing UN Office
for Project Services (UNOPS) as the executing agency.

The project reference is UAE / 2000 / 002 and the title is “Date Palm
Research and Development Programme* with a government contribution of
US $639,996.00 (Duration: 4 years).

The project is to provide technical and scientific skills to the date
research and development unit at the UAE University, to strengthen the tissue
culture laboratory, to improve mass propagation and production techniques
and to ensure the training of personnel. The continuous availability of the best
date palm varieties, the implementation of the research and development
programme, and the build up of national capacity are the aims of the project.

The project will strengthen the Date Palm Research and
Development Unit of the UAE - University, then it is mainly focussed to
national capacity building. As consequence of the first results, i.e. supply
of vitro-plants to and their cultivation by the beneficiary farmers, the
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project will play a very important role in the improvement of living
conditions of rural communities, protection of the environment and
sustainable management of natural resources.

The immediate beneficiaries will be the UAE University presented
by the Date Palm Tissue Culture laboratory and the target beneficiaries
will be the Government and private sector date growers producing,
retailing and exporting date products. Local date fruit consumers and the
world Muslim community would also share the benefit due to the
expected increase in dates available in the country. Finally, the
ecosystem of arid regions in UAE will be improved.

The Date Palm Project will concentrate its activities at the Date
Palm Research and Development Unit including the Tissue Culture
Laboratory in Al-Ain.

The project is attached to the UAE University which is appointed
by the Ministry of Higher Education and Scientific Research as the
executing agency. The project is working in close cooperation with
existing institutions, organisations and projects related to the agricultural
development in UAE.

Expected Outputs of the Project:

- A well structured Research and Development unit in the field of
date palm micro-propagation and production will be established;

- Upgraded and well functioning Tissue Culture Laboratory;

- A larger genetic base of high quality date varieties amongst the
local date population and the internationally renown varieties;

- Mass propagate selected varieties by tissue culture and their
hardening-off;

- An established extension system which supervise and ensure a
follow up to the distribution of date palm plants on a large scale to
date growing areas;

- Four to six trained national staff in the field of date palm
microporpagation and production.
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Project’s Development Objectives

1.

Mass propagation through tissue culture of the best date palm
varieties in order to satisfy the country’s needs in plant material.
Al-Ain tissue culture laboratory is to become a functional and
sustainable national unit. The large scale multiplication and
planting of date palm will halt desertification and increase food
supply and income for farmers.

To improve the research/development level in the field of date palm
propagation and production.

To build up the national capacity in the above mentioned areas.

Project’s Immediate Objectives, Outputs and Activities

1.

Immediate Objective 1:

Large scale propagation of the high yielding and good quality date
varieties through the use of tissue culture techniques.

Outputs and Activities:

1.

1

Output 1: A functional and sustainable Tissue Culture Laboratory.

* Assess and improve the actual function conditions of the laboratory with
regard to the

production line, rate of multiplication, varieties introduced, equipment
and personnel.

* Study phase by phase the multiplication and aseptic processes in the
laboratory.

* Develop a long term coordinated research and production program in the
field of date
palm propagation and development.
* Plan and conduct on site training for the laboratory personnel.
* Advise national staff and date growers on the correct and modern nursery

practices for
date palm hardening.
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1.

2

1.

3

2.

Output 2: Mass-propagation of selected best date varieties.

* Improve and/or establish the protocol for micro propagation techniques
of superior
selected varieties.

* Introduction of various date varieties and selected cultivars to in vitro
conditions.

* Optimise per variety the multiplication process.

* The Tissue Culture Laboratory - Al-Ain will be in charge of large scale
multiplication

of selected varieties to meet the national demand and avoid the use of
undesirable

imported material.

Output 3: Hardening-off of all produced tissue culture date palm plants.

* Assess the actual nursery with regard to equipment and itinerary of
acclimatization.

* Develop a hardening-off program of locally produced tissue culture
plants of the best
date varieties.

* The Tissue Culture Laboratory will supply the date growers with the
technical
itinerary and how to care for the tissue culture-derived date plants.

Immediate Objective 2:

To strengthen the national staff and technical manpower of the

UAE University, the Ministry of Agriculture research personnel and
private sector date growers. The national capability for date palm
research and development in the field of in vitro propagation and
production is to be urgently developed.
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Outputs and Activities:

2. Output 1: Four to six trained staff and manpower capable of operating the
1  date palm tissue culture laboratory and carrying out research activities on
date production and propagation.

* A study tour of two weeks duration for the date palm project NPD and an
officer from

the Date Palm Research and Development Unit to advanced date tissue
culture

laboratories (Morocco & Namibia).

* An official responsible for research at the Date Palm Research and
Development Unit

should undertake a two weeks study tour to date research and
development centres in

Morocco and Tunisia.

* Annual demonstration and a national training course of one week
duration on date
palm micro propagation and production at UAE University.

* Qrganize in-service training in the lab, the nursery and the field.

* Qrganize meetings and seminars on in vitro propagation and production
of date palm.

* Present an annual graduate course of 20 hours duration on plant tissue
culture:

Agricultural applications (UAE University); lab sessions are also to be
conducted.

* Present an annual graduate course of 10 hours duration on Date Palm
Tissue Culture
(UAE University). Specialized lab sessions are also to be conducted.

* Supervise, Advise and co-advise post graduate research subjects (Master
and Ph-D

levels) in the field of date palm micro propagation and production.
Annex 2 presents

a list of potential subjects.
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N

* Supervise and conduct the planned research according to the research and
development Unit’s workplan.

Output 2: A developed specialized library capable of disseminating
information and results of the Date Palm Research and Development Unit.

* Develop a specialized library, technical documents, production of
technical leaflets
and field reports.

* Initiate the editing of a national document on the “Date Palm Research &
Development Activities conducted in UAE”.

* Arrange cooperation and scientific exchange between the Unit and other
institutions
in the world that have common interest.

* Prepare the six months technical and progress reports.

Date Palm Tissue Culture Laboratory (DPTCL)

Presentation

The DPTCL, founded in February 1989, belongs to the UAE -

University and took several years to reach its technical establishment. A
new and adequate facility was build in 1993. The DPTCL receives the
continuous attention of H.E. Sheikh Nahayan Bin Mubarak Al Nahayan,
Minister of Higher Education and Scientific Research and Chancellor of
the UAE - University. The DPTCL is internationally recognized as one
of the major commercial Date Palm Mass Propagation Unit, thanks to the
wise leadership of Mr. Hadef. B.J. Al Dhahiri, the Vice Chancellor of the
UAE — University.

The application of tissue culture techniques for date palm, also

called in vitro propagation, has many advantages in comparison to the
two traditional techniques (seed and offshoots propagation) and enables
the following:

Propagation of healthy selected female cultivars (disease and pest-
free), Bayoud resistant cultivars, or males having superior pollen
with useful metaxenia characteristics which can easily and rapidly
be propagated;
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- Large scale multiplication;

- No seasonal effect on plants because they can be multiplied under
controlled conditions in the laboratory throughout the year,;

- Production of genetically uniform plants;

- Clones to be propagated from elite cultivars already in existence, or
from the F1 hybrids of previous selections, and seed-only
originated palms;

- Ensure an easy and fast exchange of plant material between
different regions of a country or between countries without any risk
of the spread of diseases and pests; and

- Economically reliable when large production is required.

The following are a few highlights to describe the Project’s DPTCL :

Budget and Infrastructure

- Annual Operational Budget : 2.6 Million AED.

- Laboratory Superficy : 1,600 m?

- A date palm gene pool area : 20 hectares

- Hardening facilities ; 14 Greenhouses and 3 Nurseries
(5 hectares)

- Growth Chambers ; Six (6) with 90,000 cultures

capacity for each.

- Working Stations for Cultures 32 (16 Air Laminar flow

Hoods).

and Subcultures

Personnel (67 in Total)

- Laboratory Technicians & Assistant Technicians 48
- Greenhouses and Nurseries Staff ; 14
- Laboratory & Hardening Supervisors ; 2
- Managerial Staff (Director, Assistant Director &

Financial / Administration Officer : 3

Production Capacity

So far the DPTCL had produced and distributed about 200,000 date
palms of different varieties (e.g: Nabt Saif, Sultana, Barhee, Rziz,...).

The actual project aims to strengthen the existing unit and targets
an annual production of one million date palms as from 2005. A second
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working shift is to be installed along with new laboratory extensions and
buildings.

Varieties Mass Propagated

The following date palm varieties are in vitro propagated in the
DPTCL: Khlass, Barhee, Rziz, Sakii, Jech Ramli, Maktoumi, Lulu,
Nmishi, Chichi, Sukkari, Khissab, Abu Maan, Sultana, Nabt Saif,
Khadraoui, Hilali, Khenezi and a male named MY2. A phenological
description of these varieties is summarized in Table 1.

The project is implementing an annual programme to introduce
new date selected varieties and to reintroduce the previous ones in order
to continuously have young cultures available.

Project In Vitro Technology

The DPTCL has used Organogenesis since its establishment in
1989, as the main in vitro technique to mass propagate UAE date palm
varieties.

Organogenesis  technique, based on meristematic tissues
potentiality, avoids callus formation and does not use 2,4-D. Growth
substances included in the media are used as low as possible.
Organogenesis technique ensures the true to typeness of the produced
date palm material.

Indeed, Organogenesis technique used in the project’s DPTCL is
totally different from the asexual embryogenesis used -elsewhere.
Asexual (called also somatic) embryogenesis, is based on the callus
production and multiplication, followed by the germination and
elongation of somatic embryos.

Organogenesis technique consists of 4 steps: Initiation of
meristematic buds (called also the starting step), multiplication,
elongation and rooting (swelling step).

Hardening off Programme
Tissue Cultures derived date palms produced at the DPTCL go
through a well planned hardening off (irrigation, fertilization, disease and

pest control programmes). A survival rate above 90 percent is commonly
obtained for all mass propagated varieties. This know-how is made
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available to nationals within the project’s framework as to build up
national capacity.

After Distribution — follow up

The project also initiated a programme to ensure a sound follow up
of the distributed date palms. A precise technical itinerary highlighting
all steps from palms delivery till after field planting is available for date
growers.

Implementing Agency

The Date Palm Research and Development Programme
(UAE/2000/002) is a UAE project under the responsibility of the UAE -
University and Co-Implemented by the United Nations Office for Project
Services — UNOPS.

Contact and More Information

Further information can be requested from Prof. Abdelouahhab
Zaid, Chief Technical Adviser / Project Director, and Eng. Helal Humaid
Al Kaabi, National Project Director, UAE — University, both at the
following address:

Date Palm Research and Development Programme
P.0.Box. 81908
Al Ain, United Arab Emirates

Tel: +971 3783 23 34

Fax: +97137832472
e-mail: zaid@uaeu.ac.ae and helalk@uaeu.ac.ae
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Table 1:

DESCRIPTION OF 17 DATE PALM VARIETIES UNDER MULTIPLICATION

In the DPTCL (*) (January, 2001)

FRUIT FRUI
COMMON ORIGIN FRUIT FRUIT FRUIT COLOUR FRUIT T FRUIT DESIRABLE
NAME QUALITY RIPENING | FLAVOUR (x%) SHAPE TEXT SIZE CHARACTERS
URE
. Medium with | - Drought tolerant, even
KHLASS KSA /Al Excellent Medium Rich Yellow in Oblong - Soft a very small better than Khenezi.
Hassa. Khalal oval d
perianth - Longterm storage
Rich / Light Broadly oval, . .
. High quality, heavy
BARHEE Iraq / Excellent / Medium / late delicate amber (o nearly Soft Medium yield; with low tannin in
Basrah High / superb with thick yellow cylindrical or Khalal stage
flesh (Khalal) rounded 9
rRziz | FSAAL T eycellent | Medium/late | Mild Yellow Oval soft | Smallto | -Alsocalled ARZIZ
Hassa medium - Second after Khlass.
SAKIl | KSA/Najd |  Good Medium Strong & Clear | o lindrical | pry | Mediumto i
delicate yellow large
JECH-
RAMILI
. . - One of the very late
Oman, (**) | Medium to Mild / . S 7
HILALI UAE, KSA good Late / very late delicate Yellow Oval Soft Medium ripening varieties
- Small canopy
MAKTOU Iraq / Medium to . Yellow / Oval to Mediumto | - No fibers at Bisser
Good Rich Soft
Ml Basrah late Orange Round large stage.
Good when .
LULU KSA consumed Late / Medium G_ood: but Yellow to Oval Soft Sma!l to - Large fI’UIj[ bunches.
Rutab with fibres golden medium - Easy to thin.
NMISHI
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COMMON ORIGIN FRUIT FRUIT FRUIT CICZJT_LSJR FRUIT FRUIT FRUIT DESIRABLE
NAME QUALITY RIPENING FLAVOUR (%) SHAPE TEXTURE SIZE CHARACTERS
CHICHI KSA /Al Average to Medium Sweet Yellow to Long Oval Semi dry Medium - Also called Abu Taouik
Hassa Good. Green soft to
SUKKARI Iraq / Basrah Very good Medium Sweet Yellow Heart Soft Small - A small seed.
to Excellent shaped
KSA & Late / i . - Skin separation problem
KHISSAB oman Good Very late Tangy Dark red Oval-round Soft / dry Medium - Not of Export quality
ABU MAAN UAE (**) Good Medium-early Good Yellow Oval-long Soft / dry Large - Black at Tamar stage.
SULTANA KSA Excellent | Medium/ Late S;\'/%Q;![y Yellow Oval-round Soft Medium - A very rare variety
KSA /A _ Highly prized variet
NABT SAIF Hassa & Excellent Medium Excellent Yellow Oval-round Soft Medium ghly p Y
but lower than Khlass.
Qaseem
FHADRAOU Irag/ Basrah Good Medium/ early Rich Yé:!e%vr\]" Oval Soft / dry Medium -
KHENEZI | KSA/AL | Averageto Medium | Sweet/close Red Oval-long Soft Medium | - Tolerates high humidity.
Katif good to Barhee

(*) DPTCL: Date Palm Tissue Culture Laboratory.
(**) UAE: United Arab Emirates / KSA: Kingdom of Saudi Arabia.
(***) Fruit colour at Rutab stage.
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EFFECT OF ALA ON FRUIT YIELD AND QUALITY
OF DATE PALM “CV. KHALAS”

S.A. Al-Khateeb; R. Okawara; A.A. Al-Khateeb and I.A. Al-Abdoulhady

ABSTARACT

5-Amino levnulinic acid (ALA) is a precursor of tetrapyrrole compounds
such as chlorophyll. Effects of ALA in plants have been reported in relation to
chlorophyll biosynthesis, photosynthesis activity and suppression of respiration.
Fruits of Khalas CV were sprayed with ALA aqueous solutions of 0, 50, and 100
ppm two weeks after fruit setting. Spraying was applied biweekly for a duration
of six weeks. Chlorophyll content in Khalal stage was significantly increased
with ALA treatment. Fruit weight, fruit volume and fruit flesh percentage on
rutab stage were significantly increased with increasing concentration of ALA.
On tamer stage, fruit volume was significantly increased with ALA treatment,
while fruit weight was not. Total and reducing sugars were significantly
increased with ALA treatment in Rutab stage, but not in Tamer stage.

INTRODUCTION

Date Palm (Phoenix dactylifera, L.) is a major fruit tree of Saudi Arabia.
The total production of date fruits was about 686000 tons ( Economics of Date
Production in Kingdom of Saudi Arabia, 1998). Cultivation of Khalas date palm
cultivar has tremendously increased in Saudi Arabia in recent years. This
cultivar is well known for its high quality fruit. However, with the recent
increase in its cultivation, several fruit quality problems have surfaced. Fruit size
is considered one of the major factors that determine the income of the
producers. Chemical spraying (Ethrel, GAs;, Ethephon, Naphthalene Acetic
Acid) has been reported to improve date palm fruit size and quality (Riuhani and
Basin, 1977; El-Hamady et al., 1983; El-Hamdy et al., 1992; Elgamdi et al.,
1993; Hussein et al., 1996; Moustafa and Seif, 1996 and Moustafa et al., 1996;).
However, chemical treatment particularly GA; delayed fruit ripening and
decreased total soluble solid and total sugar (Hussein et al., 1996 and Moustafa
and Seif, 1996)

5-Amino levulinic acid (ALA) is a precursor of tetrapyrrole compounds
such as chlorophyll, phycobilin, heme and vitamin B12 which are found in
plants. Foliar spraying of ALA at low concentration improved the growth and
yield of crops and vegetables by 10 — 60 % over the control as reported on
radish, kidney beans, barley, potatoes, garlic, rice and corn (Hotta et al., 1997 a,
b and c). Effects of ALA in plants have been reported in relation to chlorophyll
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biosynthesis, photosynthesis activity and suppression of respiration (Hotta et al.,
1997a and Bingshan et al., 1998)

Treating fruit of date at khalal stage ( green stage) is expected to show
some of the previously mentioned effects. If this assumption is true, the
contribution of the treated fruits to photosynthetic activity could be higher than
untreated ones. Therefore, accumulation of assimilates due to the increased
activity of photosynthesis of treated fruits might positively affect the fruit size
and chemical properties.

MATERIALS AND METHODS

The study was carried out in 1998/1999 in Al-Hassa. Twelve uniform 25
years old vigorous palm trees “cv. Khalas” were selected. They were subjected
to the normal agricultural practices and thinned to eight bunches each.
Pollination was conduced using the same male parent for all experimental palm
trees. Fruits were sprayed with ALA aqueous solutions of 0, 50 and 100 ppm
containing Tween 20 (0.1%). The spraying treatments were started two weeks
after fruit setting with approximately 240 ml/tree of aqueous solution
(approximately, 30 ml / bunch). Spraying was applied biweekly in the early
morning for a duration of six weeks. Samples from each tree (replicate) were
randomly collected at Khalal, rutab and tamer stages.

Chlorophyll was determined in khalal stage. Fruits skin (coat) was taken
by a cork borer and then homogenized in cold (4°C) 80 % v/v acetone in water.
The homogenate was kept in the dark and centrifuged for 3.0 minutes to
remove the fruit debris. The absorbency of the extract at 647 and 664 mm was
taken using a spectrophotometer. For the accurate determination of chlorophyll
a, b and the total, the extinction coefficients of Graan and Ort (1984) were used.
Physical properties of rutab and tamer were obtained, i.e. fruit length and
diameter (cm), fruit weight (g), fruit size (cm®), fruit flesh (%), and fruit seed
(%). Chemical properties including moisture (%), ash content, total sugars and
reducing sugars were measured according to AOAC(1989).

RESULTS AND DISCUSSION

Total chlorophyll content and chlorophyll a and b in khalal stage were
significantly increased with ALA treatment. There was no marked increase in
chlorophyll a with increasing ALA concentration from 50 to 100 ppm. However,
50 ppm ALA treatment yielded significantly the highest total chlorophyll and
chlorophyll b concentrations. Since a slight drop in all chlorophyll types was
noticed with the 100 ppm ALA application, the 50 ppm ALA concentration
might have represented a physiological threshold level beyond which
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chlorophyll deteriorates. The increase in chlorophyll content has been reported
in horse radish treated with low concentration of ALA (Hotta et al, 1997a),
while respiration was suppressed in certain crops with higher levels of ALA
(Bingshan et al., 1998).

Table (1) shows that ALA treatment had no significant effects on rutab
fruit dimensions. Fruit weight, fruit volume and fruit flesh % were significantly
increased with increasing concentrations of ALA, while the seed fruit % was
significantly reduced. The significant increase in rutab fruit weight with 5ALA
treatments may be attributed to the increase in flesh fraction under the same
treatments. The fruit volume was positively affected with increasing ALA
concentrations, while both fruit diameter and length were not. Under this
situation, it is not possible to establish a clear positive correlation between fruit
volume and the two dimensions. However, we can continuously assume that
other unobserved factors may have affected the volume parameter in addition to
the slight non significant increases in fruit diameter and length. The increase in
fruit weight and volume was approximately similar, i.e. 30 % more than control.
Fruit dimensions of tamer were not significantly affected by ALA treatments
Fruit volume was significantly increased with ALA treatment, while fruit weight
was not. Seed and fruit flesh % were not significantly affected by ALA
treatment (Table 1). It is quite possible that fruits at this stage may have reached
an stable physiological maturation that can not be changed by ALA or any other
hormonal treatments. Moreover, the ALA positive or negative effects are
possible more pronounced at the rutab stage of the fruit. Hussein et al., (1996)
reported that GA3 treatment significantly increased fruit weight, volume, length
and thickness, but there was no definite trend for seed weight in Zaghlolo date
cv. Similar effects had been reported by Moustafa and Seif, (1996). The proper
time of chemical application during fruit or flower development to obtain certain
desirable characters of fruits have been well investigated over the years
(Rouhani and Bassiri, 1977; EI-Hammady et al., and Elgamdi et al., 1993).

Total and reducing sugars were significantly increased in rutab stage with
the application of ALA, but there was no significant difference in non reducing
sugar content. As was the case in chlorophyll, 50 ppm ALA yielded significantly
the highest total and reducing sugars. This possibly indicates an active
photosynthesis rate with this concentration. Ash content was significantly
reduced with increasing ALA concentration. Moisture content was significantly
lower with 50 ppm ALA, but there was no significant difference between
control and 100 ppm ALA. The reduction on moisture content with ALA
treatment indicates an increase on dry matter of fruits which raise the possibility
of higher photosynthetic activity of fruits at khalal stage. The improved
photosynthesis efficiency of khalal stage might possibly led to the accumulation
of assimilates which might explain the increase in dry matter content of fruits.
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Total and non-reducing sugars in tamer stage were not much altered with ALA,
but there was an increase in reducing sugars with ALA treatment and this
increase was significant and best with 50 ppm ALA. Similar to rutab stage, ash
content significantly decreased with ALA treatment. Moisture content was not
significantly changed with ALA treatment. However, there was a clear trend of
an increase in moisture content. This increase in moisture content may explain
the significant increase in fruit volume of tamer. Although, there was no
significant effect of ALA on fruit weight, a 20 % increase in fruit weight might
with ALA was obtained compared to 22 % in fruit volume. It worth mentioning
that an increase in fruit volume and weight on tamer might be obtained due to
the flesh fraction. Mustafa and Seif (1996) and Hussein et al., (1996) reported
that total sugars % has been reduced with GA3 treatment. However, Hussein et
al., (1996) reported an increase in total and reducing sugars in Zaghlol date
treated with cycocel.

Despite the consistent increasing trend, fruit yield (kg/tree) was not
significantly affected (Fig. 2). Yield is a combined factor of fruit number, size,
weight and other related variables (Abdulla et al., 1983; Bacha and Shaheen,
1986). The parameters of this factor are often inversely proportional. In our
study, ALA has improved fruit weight and volume at rutab stage. It is quite
probable that increasing of fruit size or weight reduces fruit number as has often
been shown in certain fruit crops. Improvement of fruit size is becoming
detrimental in marketing of date fruits and highly preferred by consumers.
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Table 1. Fruit and seed physical properties of Khalas “ Rutab and Tamer”
as affected by ALA treatments.

Flesh :

Seed :

ALA Weight | Volume : . Diamete | Length
Concentratio s fruit fruit r
n (ppm) @ | ™) | ) | () cm (Cm)
Rutab
0 8.81 8.5 88.2 11.8 2.13 3.18
50 10.10 9.9 89.8 10.2 2.19 3.33
100 11.49 11.1 90.1 9.9 2.24 3.42
F.Test * * * * N.S N.S
LSD (5%) || 2.27 2.58 1.7 1.7
Tamer
0 5.88 5.9 87.7 12.3 1.91 3.1
50 6.33 6.4 88.7 11.1 1.91 3.1
100 6.75 7.2 89.2 10.8 1.93 3.2
F.Test N.S * N.S N.S N.S N.S
LSD (5%) 0.9
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Table 2. Chemical properties of Khalas “Rutab and Tamer” as affected by

ALA treatments.

ALA _ Moisture Ash Reducing | Non red. Total
concentratio sugars sugars sugars
n (ppm) (%0) (%0) (%) (%) (%)
Rutab

0 64.0 0.98 24.3 1.6 25.9

50 58.3 0.93 30.6 2.0 32.6

100 62.8 0.82 26.9 15 28.4
F-Test * * * N.S *
LSD (5%) 5.2 0.09 4.1 4.2

Tamer

0 6.9 1.78 70.1 4.3 74.4

50 7.7 1.57 71.6 4.2 75.8

100 8.3 1.58 70.5 4.2 4.7

F-Test N.S * * N.S N.S
LSD (5%) 0.17 1.3
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NATIONAL FERTILIZER PROGRAM FOR DATE PALM
A.M. Elprince and A.H. Al Saeedi

Water Studies Center, King Faisal University, Al-Hassa, Kingdom of
Saudi Arabia.

The goal of this project is to establish bases for estimating fertilizer
requirements of date palm from nominated site variables. To this end a
series of 40 fertilizer experiments over a period of two successive years
are planned to provide a sampling of the fertility in the 7000 ha date-
growing of Al-Hassa oasis. The experiments are planned to have the same
design with the 16 factorial combinations of relative treatment rates 0,1,
2, and 4, all replicated in two blocks so that the results of each could be
represented by a square-root regression in N and K. Yield variable data
values can, then, be calculated from these regressions and treatment rates.
In addition, site variables will be measured, including soil tests for N and
K, soil texture, organic matter, soil pH, soil salinity, depth to water table
function, date palm age, and cover crop N and K maintenance rates.
Regressions will be established between the yield variables and the site
variables. These regressions (called general model) will be incorporated
into a software for making the statistical best estimates for fertilizer
recommendations based on the general soil fertility model and nominated
values of site variables. The project can be extended to the other date-
growing regions in the Kingdom and the development of the national
fertilizer program for date palm. The project is financially (S.R. 1.23
millions) supported by SABIC, the Saudi Basic Industries Corporation.
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EFFECT OF POTASSIUM FERTILIZATION AND BUNCH
THINNING ON THE YIELD AND THE ANNUAL OF LEAVES
AND FLOWER CLUSTERS OF ZAHGLOUL DATE PALMS

M.A.O. Bamiftah

Horticulture Section, Agricultural Research Center, P.O. Box
9041, Fax (+967)5403187, Seiyun,

Hadhramout Governorate, Yemen.

This study was carried out during two successive years of 1998 and
1999, in Alexandria, Egypt, to study effect of four levels of potassium
fertilizer and three methods of fruit thinning on yield, fruit quality of
“Zaghloul” date palms. This experiment was designed as randomized
complete blocks with four replicates. The study included four levels of
potassium sulphate (48% K,O) and three methods of thinning. The
potassium sulphate levels were: k, (control); K;, 1.0:K,.2.0 and K3, 3.0
(kg Ky;SO,4 per palm). In addition, the thinning treatments were: thy,
without fruit thinning; Thy, early fruit thinning: the tips of all strands
were cut back enough to remove about one third of the total number of
fruits at time of fruit set and Th,, late fruit thinning: the entire strands
were cut from the center of all bunches enough to remove about one-third
of the total number of fruits 6 weeks after fruit set. Yield/palm were
greatly increased with the potassium fertilization as compared with the
control in both 1998 and 1999 seasons. While, they were markedly
decreased with the early and late fruit thinning in both seasons. The
potassium fertilization markedly increased the new leaves and flower
clusters / palm year in comparison with the control in both seasons. Both
new leaves and flower cluster were not effected by both early and late
thinning in two seasons.
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M.A.O. Bamiftah

Horticulture Section, Agricultural Research Center, P.O. Box
9041, Fax (+967)5403187, Seiyun,

Hadhramout Governorate, Yemen.
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greatly increased with the potassium fertilization as compared with the
control in both 1998 and 1999 seasons. While, they were markedly
decreased with the early and late fruit thinning in both seasons. The
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clusters / palm year in comparison with the control in both seasons. Both
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EFFECT OF CALCIUM AND ZINC SPRAYS ON FRUIT
DROPPING NATURE OF HAYANY DATE CULTIVAR. I. YIELD
AND FRUIT QUALITY

El-Sayed El-Badawy T. El-Baz and El-Refaey F.A.El-Dengawy
Pomology Department, Faculty of Agriculture, Mansoura University,

Egypt

ABSTRACT

The present study was carried out on Hayany date palm grown at
Dammitta Governorate. Spraying with calcium (3000 ppm Ca™) and zinc
sulphate (150 ppm Zn™) solutions either alone or in combination were
conducted during 1999-2000 seasons, to evaluate their efficiency in
reducing the incidence of date fruit drop, by increasing the fruit retention.
Applications were done on both the leaves and bunches at the fifth week
after complete pollination; the beginning of Kimiri stage, and also
repeated after binding process of bunches. The obtained results revealed
that both treatments increased significantly the force required to removing
fruits, reduced the excessive fruit drop and increased yield especially in
the off-year of bearing. Also a significant increase in fruit weight and size
was observed in on-year of bearing, however the differences were not
significant in the off-year, whereas flesh weight of fruits showed a
significant increase as affected by application of calcium plus zinc.
Moreover, pronounced effects of applications at the binding process were
apparent on fruit characters when compared with those at the fifth week
after complete pollination. With respect to the chemical characteristics of
Hayany date fruits at the end of Khalal stage, it was found that total
sugar, reducing sugars, total proteins, and soluble proteins of date fruits
were significantly increased as affected by spraying with both calcium
and zinc, whereas the tannins contents were reduced. Consequently, we
recommend with using these applications at the same condition,
especially on date palm grown on sandy soil.

Additional Index Words: Date palm, Cultivar, Khalal, Kimiri, Fruit
drop, Yield, Fruit quality, Total and soluble proteins, Total and reducing
sugars, Tannins, Removal force.
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INTRODUCTION

The date palm tree is one of the ancient domesticated fruit trees in
the Middle East countries, and their fruit still occupy an important place
in the dietary pattern of people even to day. In Egypt many cultivars were
located at different districts, according to the diversity of their climatic
requirement, especially average temperature and relative humidity which
affect fruit maturation processes (Hussein et al., 1979; lbrahim &
Hagag,1993). Demmitta governorate is considered one of main producers
of soft date “Hayany” where about of 490000 female adult palms are
existed (Ministry of Agriculture, 1998). Their fruits attain maturation at
the end of September till the end of November and directly consumed as a
fresh fruits on seasons after harvest; at the Rutab stage when the fruits
precipitates nearly all astringent components and acquires a softer texture,
and a darker, less attractive color (Hussein et al., 1979; Suad Al-Hooti et
al.,1995).

Effect of fertilization with some major elements on the productivity
and fruit quality of date palm has been widely reported by many workers
(Furr & Brown 1963, Hussein & Hussein 1972, Kalifa et al., 1975,
Abdalla et al. 1987, Melouk et al., 1999, Atalla et al.,1999, and Shawky
et al.,1999).Up till now, little attention have been paid towards another
nutrient elements in particular Ca?** and Zn®*, for palm nutrition,
especially grown on sandy soil, except the addition of little manures at
winter, as a source of trace elements. Despite, minor elements affect
greatly the physiological processes and play an important role in fruit
retention of many fruit trees, as well as, improving the yield and fruit
quality (Singh & Sant Ram, 1983, Babu et al., 1984, Khan et al.,1993).

High concentrations of calcium are known to inhibit and sometimes
prevent fruit ripening Ferguson, (1984). While calcium undoubtedly has
subtle effects on all membrane, on membrane proteins Paliyath and
Poovaiah, (1985), and as a second messenger Hepler and Wayne, (1985),
the high concentrations of calcium required to delay ripening or inhibit
senescence suggest a gross effect, perhaps in the wall.

The main aim of this study is to evaluate the role of calcium and zinc
in minimizing the dropped fruits after complete pollination by increasing
fruit retention, especially at the off-year of bearing, which results an
increase in yield per palm and improve their fruit quality.
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MATERIALS AND METHODS

The present investigation was carried out during the growing
seasons of 1999 (on-year) and 2000 (off-year). Thirty-five old date palm
trees of “Hayany” cultivar (Phoenix dactylifera, L.) grown on a sandy
soil at OM-EI-Reda Village in a Private Orchard 20 Km west Demmitta
city were selected for this study.

All trees received the common orchard management, pruning,
pollination, and thinning bunches, usually practiced at the Demmitta
governorate. Four replicates each one palm tree were used, in a complete
randomized block design, in the following treatments:

Tc =Spraying the bunches and leaves with water only.

T
T,

Ts

T4

Ts

Ty

=Spraying the bunches and leaves at the fifth week after complete

pollination with calcium nitrate solution at (3000ppm, calcium).

=Spraying the bunches and leaves at the fifth week after complete

pollination with zinc sulphate solution at (150ppm, zinc).

=Spraying the bunches and leaves at the fifth week after complete

pollination with Ca(NOz), + 2ZnSO, at the previous
concentrations of T:1& T,

=Spraying the bunches and leaves at the binding process of
bunches with Ca(NOgz), at (3000ppm, calcium).

=Spraying the bunches and leaves at the binding process of
bunches with zinc sulphate (150ppm, zinc).

=Spraying the bunches and leaves at the binding process of
bunches with Ca(NO3), (3000ppm, calcium) + ZnSO, (150ppm,
zinc).

=Spraying the bunches and leaves with Ca(NO;), at the fifth
week after complete pollination and then repeated after binding
process of the bunches with the same solution at (3000ppm,
calcium).

=Spraying the bunches and leaves with ZnSO, (150ppm, zinc) at

the fifth week after complete pollination and then repeated after
binding process of the bunches with the same solution.

= Spraying the bunches and leaves with both Ca(NOs),
(3000ppm, calcium) and zinc sulphate ZnSQO, (150ppm, zinc) at
the fifth week after complete pollination and then repeated at
binding process of the bunches with the same solutions and
concentrations.
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The bunches and leaves had been sprayed, till their entire surfaces
became thoroughly wet.

Fifteen spikelets on each four bunches of nearly equal size were
chosen and their fruits were recorded to estimate the dropped fruit
percentage per treatments on each palm at harvest time.

At the beginning of harvest time, fruit removal force was determined

by using push-pull dynamometer (Model DT 101 (Kg 1x10 gm/Lb2 X
0.02LDb) from Effeqi, Italy).

Palm fruit yields were calculated according to the average number of
retained fruits at the end of Khalal stage on each bunch were multiplied
by the average fruit weight by the number of commercial bunches per
palm.

At the end of Khalal stage, 20 full-matured fruits were detached at
random from each bunch per palm to determine their physical and
chemical properties.

Chemical analysis of fruit samples included determination of total
soluble solids percentage by using refractometer, tannins were carried out
according to method of Ranganna, (1979) as mg/100gm flesh weight.
Sugars were determined spectrophotometrically at 700 mpu using spekol Il
(Carlzesis Jena) as described by Naguib (1964) and El-Shaht (1980) on
dry weight basis.

Total protein (T.P.) extraction was prepared according to Dure 1l &
Chilan, (1981) and Oster et al., (1992). Soluble protein extraction (SP)
was carried out according to Dure Il & Chilan, (1981) and Mahhou &
Dennis, Jr. (1994) on fresh weight basis. The T.P. and S.P. contents were
determined spectrophotometrically at 595 mu by the Coomassie assay of
Bradford (1976).

The statistical analysis of the obtained results was carried out

according to Norusis (1993) using the new least significant difference
(N.L.S.D.).
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RESULTS AND DISCUSSION

1- Effect of calcium and zinc sprays on fruit removal force, fruit drop

percentage and yield per palm:

Results in Table (1) show that spraying with calcium either alone or
combined with zinc caused a significant increase in the force required for
separating the fruits from its stalks. Zinc alone did not realize the same
effect, except spraying it at both first period and second one of
applications. Similar responses on fruit drop percentage were observed,
especially at the off-year of bearing, subsequently yield per palm
increased significantly at the same year.

The above mentioned results are in agreement with those findings of
Singh & Saut Ram, (1983), Babu et al., (1984), and Khan et al.,(1993),
where fruit retention of many other fruit trees have been improved under
similar applications with calcium and zinc. A tentative explanation for the
increased fruit removal force, fruit drop percentage and yield per palm
Table (1) due to calcium and zinc sprays may be due to improve the
formation of cellulose and lignin. These materials are required for
building plant structure or preventing the abscission layer formation and
consequently, the reduction in pre-harvest fruit dropping Nijjar, (1985).

Table (1) Effect of Calcium and Zinc Sprays on fruit removal force,
fruit drop Percentage and yield per palm of Hayany cultivar.
Fruit removal force

Fruit drop % Yield / Palm(Kg)
p (Ibs.)
2 2 2 2
g [ 199] 2% g 1999 | 2000 gj 1999 | 2000 g
= 5 < Z
Control 1.06 1.33 1.20 30.37 | 41.53 35.95 98.80 | 60.36 79.58
T 1.89 1.81 1.85 20.34 21.35 20.85 | 107.31 | 107.07 | 107.19
T, 0.90 0.94 0.92 27.94 | 27.46 27.70 | 95.31 67.92 81.62
T3 1.87 1.96 1.92 23.97 21.24 22.61 85.67 | 107.22 | 96.45
T, 1.56 1.78 1.67 26.10 29.05 27.58 | 110.60 | 85.19 97.80
Ts 1.15 1.21 1.18 26.84 21.31 24.07 | 104.35 | 93.31 98.83
Ts 1.56 1.60 1.58 22.47 14.33 18.40 | 106.61 | 96.82 | 101.72
T, 1.54 1.83 1.69 21.16 28.08 24.62 | 113.23 | 91.70 | 102.47
Ts 1.52 1.69 1.61 25.16 25.74 25.45 | 107.40 | 103.97 | 105.68
Ty 1.92 2.00 1.96 21.03 15.81 18.42 98.93 | 106.90 | 102.92
L 2(5) at 0.136 0.30 0.157 N.S. 11.40 8.72 N.S. 23.07 22.08
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T. = Ca at 5" week after pollination. T, =Zn
at 5™ week after pollination.

T; = Ca +Zn at 5" week after pollination. T, =Ca
at binding process.
Ts = Zn at binding process. Ts =Ca

+Zn at binding process.

T, = Ca at 5" week after pollination + Ca at binding process.

Ts = Zn at 5™ week after pollination + Zn at binding process.

Ts = (Ca +Zn at 5" week after pollination) + (Ca +Zn at binding
process).

* On-year ** Off-year

2- Effect of calcium and zinc sprays on fruit weight, size and flesh
weight:

Results in Table (2) reveal that average of fruit weight and flesh
weight significantly increased during both seasons of the study, whereas
the same trend was observed in the on-year of bearing, however the
differences were not significant in the off-year of bearing. The different
treatments of both Ca and Zn alone or combined at different time of
applications showed similar effects on fruit physical properties. These
results reflect, in general, the need of palm trees during both on-year and
off-year of bearing to more nutrients to regulate their biennial bearing and
to compensate the additional requirements to some fertilizers. Various
workers in different fruit trees have also reported similar findings, El-
Naggar et al.,(1973), on Valencia Orange, who mentioned that spraying
trees with zinc sulphate reduced the alternate bearing, El-Gazzar et
al.,(1979), on Washington Navel Orange, Samra (1985) on Mandarin.

The increase in growth criteria of date palm fruit due to calcium and
zinc sprays in addition to the reduction in the pre-harvest fruit dropping
surely reflected on improving the yield. The improvement occurred in the
fruit quality due to supplying trees via leaves with calcium and zinc could
be attributed to their effects on enhancing formation and translocation of
carbohydrates and carbohydrate enzymes, Yogeratham & Greenham
(1982).
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Table (2) Effect of Calcium and Zinc Sprays on some physical
characters of Hayany date Fruits at the end of khalal stage.

Fruit weight (gm) Fruit size (cm®) Flesh weight (gm)

1999 | 2000 1999 | 2000 1999 | 2000

Treatments
Average
Average
Average

Control | 1794 | 19.19 | 18,57 | 18.27 | 19.83 | 19.05 | 14.77 | 15.36 | 15.06

T, 21.13 | 1994 | 2054 | 21.59 | 21.25 | 21.42 | 17.48 | 16.77 | 17.13
T, 18.51 | 21.39 | 19.95 | 19.15 | 23.29 | 21.22 | 14.89 | 19.26 | 17.08
Ts 20.46 | 22.33 | 21.40 | 19.64 | 22.83 | 21.23 | 16.77 | 20.75 | 18.76
T, 2131 | 21.24 | 21.28 | 23.57 | 22.06 | 22.82 | 18.66 | 19.20 | 18.93
Ts 20.48 | 2251 | 2150 | 20.40 | 21.69 | 21.04 | 16.06 | 19.64 | 17.85
Ts 21.66 | 20.35 | 21.00 | 23.15 | 20.47 | 21.81 | 19.53 | 17.83 | 18.68
T, 19.57 | 19.69 | 19.63 | 21.37 | 19.42 | 20.40 | 17.81 | 16.58 | 17.20
Ts 2091 | 20.92 | 20.91 | 19.36 | 20.09 | 19.72 | 17.97 | 18.23 | 17.96
T, 21.23 | 1991 | 2057 | 19.71 | 21.03 | 20.37 | 17.67 | 17.37 | 17.52
L.S.D at

2.7 N.S. 2.62 1.81 N.S. N.S. 1.74 3.37 2.25

3- Effect of calcium and zinc sprays on chemical characteristics of date
fruit:

The results in Table (3&4) clearly indicate that the effect of
treatments included Ca alone or Ca plus zinc were apparent at the first
season of the study on T.S.S., where the increase was significant, but the
increase in the second one was not significant. An average trend of two
seasons of T.S.S was significant. Also, total sugars soluble proteins and
total proteins contents exhibited a significant increase at both seasons of
study. A reverse trend was observed on tannin contents that were reduced
significantly as affected with treatments. Samra, (1985), reported similar
results on mandarin, spraying trees with zinc increased the levels of
nitrogen in the leaves.

In the present study, understanding of the changes that occur during
maturation and ripening of date palm fruits as influenced by both Ca**
and Zn * application is limited because knowledge of the structure of the
walls in mature date palm fruits and of enzymes that modify the walls is
very limited. Softening is accompanied by an increase in the content of
soluble pectic substances Huber, (1983). The increase in soluble uronic
acid residues is often correlated with an increase in the polyuronide
hydrolyzing enzymes Brady, (1987).
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When one consider the potential activity of the polygalactouronase
and pectin methyl esterase in fruit tissues, that attack on polyuronide
appears to be very limited and, in tomatoes, there is evidence that calcium
limits wall hydrolysis Brady et al., (1985), claims that calcium is
“solublized” or otherwise redistributed in ripening fruit have been made,
but these claims are built on inadequate techniques Brady,(1987), and
there is a need to evaluate calcium distribution between the vacuole and
the wall.
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Table (3) Effect of Calcium and Zinc Sprays on Total Soluble Soilds and Sugars of Hayany date fruits, at the end of

Khalal stage.
T.S.S. % Reducing Sugars % Non —reducing Sugars Total Sugars %
Treatme T %
nts 1999 | 2000 | AVe'@ | 1999 | 2000 | AVEra| 1999 | 2000 | AVE@ | 1999 | 2000 | AVEra
ge ge ge ge
Control | 305 | 30.0 | 3025 | 70.39 | 68.67 | 6953 | 809 | 434 | 622 | 78.48 | 73.31 | 75.90
T, 323 | 310 | 3166 | 76.74 | 8046 | 786 | 1194 | 666 | 9.30 | 8868 | 87.12 | 87.9

T, 32.67 | 29.0 308 | 71.79 | 7451 | 73.15 | 7.46 5.57 6.52 | 79.25 | 80.08 | 79.67
T3 3333 | 280 | 30.66 | 7251 | 7459 | 73.53 | 1266 | 6.01 934 | 87.98 | 80.60 | 84.29
T, 32.5 31.0 | 31.75 | 7839 | 76.78 | 77.59 | 1043 | 7.55 8.99 | 88.82 | 84.33 | 86.58
Ts 32.0 28.0 30.0 | 70.72 | 65.23 | 67.97 | 6.05 4.16 512 | 76.77 | 69.39 | 73.08
Te 3533 | 29.0 | 3216 | 77.07 | 78.62 | 77.85 7.0 5.03 6.02 | 84.07 | 83.69 | 83.86
T 3233 | 31.0 | 3166 | 7889 | 79.14 | 79.02 | 9.61 7.17 839 | 8850 | 86.31 | 87.31

Ts 30.0 29.0 29.5 70.83 | 77.80 | 74.32 6.78 5.64 6.21 7751 | 83.44 | 80.48
Ty 29.83 29.0 2941 | 72.29 | 76.42 | 74.36 7.55 4,92 6.24 79.84 | 81.34 | 80.59
L.S.D at

4.20 N.S. 2.73 N.S. 7.60 7.56 N.S. N.S. N.S. 4.12 5.48 3.73
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Table (4) Effect of Calcium and Zinc Sprays on Tannins and Protein fractions of Hayany date fruits, at the end of Khalal

stage.
Tannins (mg/100 gm *Soluble Protein % *Insoluble Protein % Total Protein %
Treatme flesh)
nts
1999 | 2000 A‘éeera 1999 | 2000 A‘éeera 1999 | 2000 A‘éeera 1999 | 2000 A‘é‘zra

Control | 3034 | 296.47 | 299.9 | 0.80 0.97 0.89 0.42 0.34 0.38 1.22 1.31 1.27
T, 2245 | 192.77 | 208.6 | 0.82 0.89 0.87 0.38 0.35 0.37 1.20 1.24 1.22
T, 228.4 | 221.47 | 224.9 1.42 1.48 1.45 0.38 0.36 0.37 1.78 1.86 1.82
T3 231.97 | 228.60 | 230.2 | 0.92 1.16 1.04 0.40 0.39 0.40 1.32 1.55 1.44
Ty 242.3 | 287.30 | 264.5 1.47 1.59 1.53 0.39 0.39 0.39 1.86 1.98 1.92
Ts 275.1 | 286.4 | 280.7 | 0.91 1.01 0.96 0.38 0.37 0.38 1.29 1.38 1.34
Te 232.0 | 282.0 | 257.0 1.23 1.47 1.35 0.38 0.37 0.38 1.61 1.84 1.73
T 249.97 | 2749 | 2624 | 0.73 0.94 0.84 0.38 0.37 0.38 1.11 1.31 1.21
Ts 231.97 | 265.9 | 248.9 1.33 1.56 1.45 0.38 0.36 0.37 1.71 1.92 1.82

Ty 264.07 | 276.47 | 270.3 1.18 1.54 1.36 0.36 0.37 0.37 1.54 1.91 1.73

L.S.D at
5%

54.71 | 4562 | 3492 | 0.137 | 0.621 | 0.166 N.S. N.S. N.S. 0.219 | 0.271 | 0.218

* fresh weight.
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ESTIMATIONS OF WATER REQUIREMENTS FOR DATE
PALMS IN IRAQ

R.O. Salih
IPA, Agricultural Research Center, P.O. Box 39094 Baghdad, Irag.

The date palm (Phoenix dactylifera L.) is the most important tree
crop in lrag. It is a drought resistant plant but it responses well to
irrigation. It can give good growth and high yield when regular water
supply is achieved throughout the growing season. Number of field trials
were conducted to estimate water requirements for date palm in Iraq.
Equations were also used to calculate water requirements on monthly
basis for different regions of the country using climatic data. The present
paper gives summary of results of these trials and studies. In addition to
that, some information will be given about the contribution of ground
water to supply part of water requirements to the plant.
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EFFECT OF WATER QUALITY ON THE GROWTH AND YLED
OF DATE PALM (Phoenix dactylifera, L.)

Ahmed A.H. Al-Rawi and A. F. Al-Mohemdy*
IPA Agricultural Research Center
(*) Present address: Ministry of irrigation, Baghdad, America, Iraqg.
P.O. Box 39094 Baghdad/lraq

ABSTRACT

A study was carried out on four varieties of date palm trees in
Kubaisa-Hit area, North West of Mesopotamian plain. The trees were
irrigated with saline and fresh water for a long period .The study includes
vegetative growth measurements as well as fruits yield.

Results showed that irrigation with saline water (5-6 ds m™),
caused salt accumulation in soil, which caused a reduction in tree growth
and give low yield as well as low quality of fruits. Different varieties
were affected differently in this respect.

Additional Index words: Date palm, Water quality, Salt accumulation

INTRODUCTION

Palm tree (Phoenix dactylifera L.), is one of the most important
fruit tree in Iraq as well as in the Arab world. Its fruit is used in human as
well as animal nutrition. The seeds are also used for animal nutrition.
Nearly all parts of this scarce tree have beneficial uses. Date palm tree is
considered to be resistance to adverse conditions including flooding and
salinity. Nevertheless, it has been reported that increasing soil salinity
cause a reduction in date palm growth and yield (1,3,6,7). Due to the
spread and expansion of the area affected by salinity in the middle and
southern parts of Iraq, where palm trees are grown, it is expected that the
growth and yield of that important fruit tree would be affected. The
quality of irrigation water in the country is becoming worse due to the
construction of great dams upstream in Turkey , Syria as well as inside
the country. The salinity of irrigation water is increasing down stream in
the rivers of Tigris and Eufrates. Irrigation with saline water usually
cause salt accumulation in soil which resulted in a reduction in the growth
of most cops.
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The aim of this work was to investigate the effect of irrigation with
saline water for a long period (40years) on the growth and fruit characters

of four date cultivars.
Note: E-mail for the first author: ALJIAZIRA@URUKLINK.NET

MATERIAL AND METHODS

Two locations were chosen in the north —western part of the
Mesopotamian plain where palm trees are irrigated with different quality
of irrigation water. Hit and Kubaisa Tables 1la & b shows the soil
properties in the two locations, while table2 shows some properties of the
water used for irrigation in the two locations. Four date palm cultivars
were studied in both locations. They are Zahdi (Z), Khestawi (K),
Maktoom (M) and Barban (B) in the stage of fruit maturity.

Five trees from each cultivar in each location were taken as
replicates in complete randomize design measurements includes tree
height girth of trunk at one meter height number of bunches per tree and
average fruit yield per tree Physical properties of fruits were also taken on
20 fruits taken at random The properties include average fruit length
average fruit girth ,average fruit weight average seed weight and flesh
percent. Leaflets were taken from full expanded leaves and analyzed for
their elements content according to Mohr method (4). The results were
statistically analyzed according to Al-Rawi and Khalaf-Allah(2).

RESULTS AND DISSCUSSION

From Table 1, it is obvious that irrigation with saline water caused
accumulation of salts in the soil although the trainability of the soil is
very good generally there was an increase in soil salinity with depth in
both locations Sodium was the dominant cation while chloride was the
dominant anion Table 3,showed the mean square values for the effect of
water quality on the growth yield as well as fruit physical properties It
can be seen that all characters were significantly affected with salinity
changes variety differences and their interaction were also observed.
Table 4, showed the mean effect of water quality on some growth
characters of different date palm cultivars It can be seen that tree height
trunk girth bunches number as well as fruit yield were significantly
reduced when trees were irrigated with saline water. Different cultivars
were affected differently. The average fruit yield was highly affected
since it was reduced by about 85%. These results were in agreement with
what was reported by many workers.(6, 7, and 8).It should be outlined
here ,that this effect is not wholly due to salinity changes but it is
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probably due to differences in agricultural management also. The trees in
Hit location received better agricultural practices concerning fertilization
and irrigation. Concerning fruit physical properties, table 5, showed that
all physical properties were adversely affected with the use of saline water
in irrigation including fruit length fruit girth and flesh percent Seeds
weight however was not affected.

The phenological characters of the fruit were also affected (plate 1).
Different cultivars were affected differently. Barban gave the largest fruit
while Zahdi gave the smallest one. It also gave the highest flesh / fruit
ratio. Table 6. showed the effect of water quality on the concentration of
some elements in the leaves of date palms cultivars under study. It can be
seen that there were variations between different cultivars. In Zahdi, there
was an increase in sodium content and a reduction in potassium with the
increase in soil and water salinity. In Kestawi, however, Nitrogen and
phosphorus and potassium concentrations in leaves were decreased and
sodium concentration was increased with the increase in soil salinity. In
Maktoom the concentration of N and K were increased while phosphorus
and sodium were decreased with the increase in soil salinity. In Barban,
however, the concentration of N and k were decreased and P and ClI were
increased with salinity increase. In general the variation in elements
concentration due to salinity changes were limited. Furr and Armstrong
1962, (6) showed that the rate of leaves growth and chloride content inside
the leaves in two varieties of date palms tree grow under different salinity
levels were not affected.

It can be concluded that irrigation with saline water for a long
period cause a great reduction in the growth and yield of date palm trees
as well as reduction in fruit quality. Certain management practices
including the addition of fertilizers to maintain nutrients balance as well
as watching soil salinity are needed when you have to irrigate with saline
water.
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Table 1a. Some properties of the soil in the two locations used in the study.

Soluble ions mmole L* Exch. Na
C. mole kg

Salinity

Location
level

Soil depth
(cm)

© a++ M g++ K+

4.1 1.4

4.0 1.4

8.0 5.1

6.5 4.6

Kubaisa ) ) 6.6 6.8

Table 1b. Some properties of the soil in the two locations used in the study.

Texture M. Avail.P | Avail. K

Location | Salinity level Soil depth
-1

(cm) gkg Text. class ] kg : ] mgkg™ mgkg'll
Si
0-30 S. : : 4.5 120.9

31-60 90 Si. . . . 3.9 58.5

31-120 L. . -- --
0-30 SiCl . 3.6 526.5
31-60 SiCl . 3.5 808.7

31-120 SiL . -- --
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Table 2. Some properties of the water used in irrigation.

Treatment

Soluble ions m.mole.L™

Na*

4.3

Table 3. Mean square values for the effect of water quality on growth, yield and fruit quality of four varieties of date

palms.

tree
ht.

Bunches
No.

Fr.
yield

Fr.
wt.

wt.

%
flesh

567.00**

435.60

103184.96**

331.8**

0.002

177.6**

51.50**

8.67**

2818.04**

112.2**

0.194**

50.5**

39.58**

24.80**

1272.11**

14.6**

0.143**

9.1**

2.13

3.57

*, ** Significant at 0.05 and 0.01 level respectively.

184.21
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Table 4. Mean effect of water quality on the growth and yield of four varieties of date palms.

Salinity of irrigation water

_ S1(1.1dS.m™) S2 (6.0 dS.m™)
variety T T
ree ree L
Tr_unk height Bunches Eruit yield Tr_unk height Bunches | Fruit yield
girth (m) No/tree Ka/tree girth (m) No/tree kg/tree
(m) | (m)
Zahdi 1.46 15.3 14.6 132.32 0.85 3.10 4.00 11.60
Kestawi 1.45 14.9 10.0 115.00 1.06 5.50 7.00 24.60
Mactoom | 1.46 7.0 10.0 84.800 0.84 3.20 4.20 9.60
Barban 1.75 11.5 114 148.00 1.25 6.80 4.40 28.00
mean 153 | 12.175 11.5 120.02 1.0 4.65 4.9 18.45
[0)
AT . . - 34.6 61.8 57.4 84.6
reduction
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Table 5. Mean effect of water quality on the fruit characters of four varieties of date palms.

Salinity of irrigation water
S1(1.1dS.m™) | S2 (6.0 dS.m™)
variety Fruit characters
I_:r. Fr. length| Fr.wt | Seed wt. Flegh I_:r. Fr. length| Fr. wt| Seed wt. Fle§h
girth ratio girth ratio
ey | ™ | @ | @ | T | em | ™ | @ @ | o
Zahdi 8.1 4.2 10.6 1.26 88.0 8.1 3.5 7.9 1.2 84.8
Kestawi 9.3 4.9 13.2 1.14 91.3 8.4 3.6 7.8 0.8 89.2
Mactoom| 9.9 4.7 17.6 1.18 93.3 8.2 3.9 9.2 1.2 86.8
Barban | 10.5 5.0 20.0 1.18 94.1 9.3 4.5 13.5 1.5 89.2
mean 9.45 4.7 15.35 1.19 91.67 8.5 3.9 9.6 1.175 87.5
LSD 0.05
For salinity 0.16 0.14 0.26 NS 0.94
LSD for variety 0.23 0.20 0.36 0.11 1.33
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Table 6. Mean effect of water quality on mineral content in the leaves of four varieties of date palms.

Salinity of irrigation water

_ S1(1.1dS.m™) S2 (6.0 dS.m™)
variet
y % dry weight % dry weight
N P K Na Cl N P K Na Cl
Zahdi 1.60 0.10 0.49 0.02 0.53 1.6 0.10 0.04 0.04 0.53

Kestawi 2.10 0.16 0.92 0.02 0.73 1.4 0.10 0.03 0.03 0.63

Maktoom| 1.24 0.14 0.30 0.03 0.56 1.4 0.12 0.55 0.01 0.33

Barban 1.60 0.12 0.68 0.02 0.56 0.72 0.14 0.66 0.02 0.61

mean 1.635 0.130 0.598 0.022 0.595 1.280 0.115 0.458 0.025 0.525
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EFFECT OF DIFFERENT IRRIGATION INTERVALS ON THE
GROWTH RATE, YIELD AND FRUIT QUALITY OF MWL AND
MWK DATE PALM CULTIVARS

D.H. Dawoud
Alzaaem Al Azhari University, Faculty of Agriculture, Eygpt.

These experiments were conducted at new Halfa, Degaim
Government orchard in 89-1992 seasons and at Hay Bashier orchard at
El-Geraif private orchard in 93/94-94/85 seasons on MWL cultivars. The
results indicated that: The short water intervals lead to increase the fruit
size, and decrease the TSS % but increase the moisture % of the fruit,
also elongate the maturity period The short water intervals give highly
vegetative growth.
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ION AND WATER RELATIONS OF DATE PALM TREES
GROWN IN AL-HASSA COAST OF ARABIAN GULF OF SAUDI
ARABIA

Al-Khateeb, S.A.*; . A. Abdulhadi**; K.M. Al-Barrak* and A. A.
Al-Khateeb***

* College of Agric. And Food Sci., King Faisal University.
** Ministry of Agriculture and Water .
*** Date Palm Research Center , King Faisal University.

ABSTRACT

This study was carried-out on date palm trees grown at Al-Ojair in
the coast of Arabian Gulf during 1999/2000. lon and water relations were
investigated using trees of Khalas variety grown at Al-Hassa under field
conditions as a control.

The result of ion relations revealed that high external EC in Al-
Ojair resulted in greater internal Na" and CI" concentrations, compared
with the non saline media which contributed to the decrease in leaf and
root osmotic potentials. Concentration of macro nutrients represent levels
regarding adequate for growth even under saline condition. All the trees
show no reduction in chlorophyll content even under saline condition but
chlorophyll content decreased as leaf aged. All date palm trees generated
sufficiently larger water potential for import gradients of water with no
significant differences in turger pressure.

INTRODUCTION

The prospect of greening the world’s coast with seawater tolerant
plant has been the most cited scenario. So far, seawater agriculture has
been found to work well in the sandy soil (Glenn and O’Leary, 1999). A
limitation of the use of seawater is the low salt tolerance of the
conventional crops (Wescott, 1988 and Rhoades et al,1989 ). Since date
palm trees have been reported to tolerate higher level of salinity, it can be
considered as a one candidate to be used under seawater irrigation
(Bernstein, 1961; Furr et al, 1966; Hussein et al, 1996 and Hassan and
AlSamnoudi , 1996).
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Little information is available regarding ions partitioning,
translocation and cycling of date palm under saline condition.

The delivery of ions to a leaf is a function of the salt concentration
in the xylem water and the transpiration rate of that leaf (Flowers, 1985).
The final ion concentrations of a leaf are the balance between import via
the xylem and phloem, and export in the phloem (Pitman and Cram,
1977). Gorham et al . (1985) in their review concluded the most evidence

suggests that Na® and CI are relatively immobile in the phloem.
However, Na* mobility in phloem is generally higher in species of low
than of high salt-tolerance (Jeschke et al , 1986). Ricinus communis
(Jeschke and Pate, 1991) and Panksia prionotes ((Jeschke and Pate,
1995) appeared to show greater Na* in the phloem than the salt tolerant
Aster tripolium (Downing, 1980). Maintaining high concentrations of Na"

and Cl in senescent leaves, raises the possibility that the essential
nutrients were withdrawn from old leaves while Na* and CI” were left to
be removed Dby leaf death. This helps senescence to play a relief

mechanism to regulate Na" and CI concentrations of leaves. The lower
K™ concentration with an increasing Na* supply could be attributed to the
antagonism between Na* and K* which leads to decreased K* uptake
(Salisbury and Ross, 1992). Jeschke and Pate (1991) found that flow
pattern for Mg™" in Ricinus communis plants under salt stress, showed
relatively even distribution through the plant but with extra uptake by
young leaves and generally less export from than import into leaf
laminae. The return flow of Mg*™* from the shoot to root was considerably
less than the recorded increment of the root (Marschner, 1995). Ca” is
essential for the normal development of cell wall and membranes of cells.
It is an immobile element within the plant, and, as a result deficiencies
tend to appear in the expanding leaves. Ca™" partitioning studies shoed
extremely poor phloem mobility, leading to progressive accumulation in
leaf laminae and its cycling through leaves or roots is unlikely to be
operative (Marschner, 1995 and Jeschke and Pate, 1995).

Maintaining a more negative shoot water potential than the external
medium is how the plant sustains a water potential gradient which assure
the inward flow of water in diverse saline environments. Most research
dealing with effects of salinity on water relations assumes the general
theory that Na* and CI™ are the predominant inorganic ions which are
sequestered in vacuoles while compatible organic solutes (e.g. betaine)
are synthesized as a means of balancing the water potentials between
plant and media. These inorganic solutes mainly contribute to osmotic
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adjustment and consequently turgor maintenance (Munns et al., 1983 and
Flowers and Yeo, 1986).

The aim of this study is to give more fully understanding of the
quantity pattern of ion uptake, flow and utilization in date palm grown
under saline condition at leaves and whole plant level.

MATERIALS AND METHODS

Trees of date palm (Phoenix dactylifera, L.) growing in open
mixed date palm trees on deep sandy soil in Al-Ogair coast, 120 km from
Al-Hassa were chosen for this study. The study was carried out during
spring 1999. Four uniform, 20 years old palm tree were selected from the
mixed population. Trees from the farm in the oasis were included as
control. Electrical conductivity (EC) and pH of the saturation paste of the
soil in both sites was determined and found to be as shown in Table (1).
Leaves of the trees were designated into the following five categories
(Fig. 1):

1- Expanding leaves (L,).

2- Recently expanded leaves (L,).

3- Fully expanded leaves (Ls).

4- Mature fully expanded leaves (L,).
5- Senescent leaves (Ls).

Leaves samples were taken from the mid of leaves and washed
twice in distilled water. The plant sample after drying at 80° C for 48
hours were ground and kept in glass containers for ion analysis.

L,
/_\
Ls
Ls

/_\ L,
Ls

Fig. (1): Diagram appearing leaf position as growth stage on the stem of
date palm tree. 141




lon analysis:

Plant dry matter was extracted with nitric acid and the resulting
extracts analyzed for macro and micro nutrients by atomic absorption
spectroscopy or extracted with boiling water for CI" determination by
chloridmeter. Nitrogen was determined using Kjeldahl apparatus.
Phosphorus was determined by the molybdenum blue methods.

Water relations

Leaf and root water and osmotic potentials were measured with
Wescar HR-33T dew point Microvoltmeter equipped with C52 sample
chambers. Water potentials were determined after 1 hour equilibrium
time at 22+1°C. After measurements were taken, the leaf disks were
removed wrapped in aluminum foil and dipped into liquid nitrogen. They
were then thawed, unwrapped and returned to the chamber for
measurements of leaf osmotic potential after 30 min equilibration time.
Reading for water and osmotic potentials were made after a 10 second
cooling period. Water potential of the soil solution was determined in the
extract of the saturation paste using the osmometer .

Table (1): Soil electrical conductivity of the study sites.

Location Al-Hassa Oasis Al-Ogir
Depth

0 - 30cm 2.3 24.3
30— 60 cm 5.0 16.1
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RESULTS

Na’ concentration in expanding L, and fully expanded L; leaves
were higher under saline condition, compared with recently expanded
(L,), mature fully expanded (L) and senescent leaves. Ls had
significantly higher Na’ concentration, compared with other leaf
categories which green leaves confirmed almost constant concentration of
Na* .

K" concentration in L; and L; was higher in saline condition,
compared with L, L, and Ls. K" concentration was significantly lower in
L4, compared with other leaf categories, which L, and Lz had relatively
higher K* concentration in.

Ca’™ concentration L;, Ls and Ls leaves were higher under saline
condition. L, and Ls had significantly higher Ca™ concentration under
both saline and non-saline conditions. Ca™ concentration in L, and Ls
was exceeding two told the concentration in L; in its correspond
condition. There was a significant trend of increasing Ca™ concentration
as leaf aged. This trend was evident in both saline and non-saline
conditions.

CI" concentration in L;, L, and Lz was significantly higher under
saline condition. There was a significant trend of increasing CI
concentration as leaf aged. This trend was evident in both saline and non-
saline conditions. Ls had significantly substantial CI" concentration
exceeding four and two told the concentration in L1 under non-saline and
saline conditions, respectively.

Mg"™ concentration was higher under saline condition and this
evident was significant in L;. L, had significantly the lowest Mg"™
concentration, compared with other leaf categories under both saline and
non-saline conditions. Ls had the highest Mg*™ concentration. There was
a trend of increasing Mg concentration as leaf aged.

There was no significant difference observed in chlorophyll
content between saline and non-saline conditions. L; had significantly the
lowest chlorophyll content with almost negligible content. Chlorophyll
content was significantly increased as leaf aged until L; when a reduction
was appeared. Beyond L, a sharp reduction in chlorophyll content was
observed as leaf died. This trend was similar in both saline and non-saline
conditions.
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Leaf water potentials were substantially more negative than the
osmotic potential of the media solution of saturation paste, thus
establishing gradient for water import. Expanding leaves (L;) had more
negative leaf water potentials by about 0.2 and 0.35 MPa than fully
expanded leaves (L3) for saline and non saline media, respectively. This
figure also demonstrate the much smaller gradient between the root and
leaf water potentials under saline condition and their media, compared
with non saline condition. This indicates that there was a decrease in
water potential from media via root to expanding leaves (L1). This
gradient was more pronounced under non-saline condition.

Exposure to salinity did not result in any significant difference in
turger in each leaf category which indicates each leaf category,
maintained relatively constant turgor pressure despite the large
differences observed in their osmotic potentials. In this way, the leaves
were able to develop increasingly negative leaf water potential as the
osmotic potential changed.

DISCUSSION

Obtained results of this study indicate an increase in Na* , K*, Ca™",
Mg and CI" concentration in L; and Lz under saline condition which
reflects an increase in xylem ion concentration. This increase in xylem
ion concentration may then lead to the higher concentration of these ions
in leaf tissues which may contribute to decreasing the leaf osmotic
potential of these leaf categories. However, green leaves (L;, L,, Ls and
L,) had significantly lower Na* and CI" concentration which suggest a
mechanism exclude mainly Na® and CI" from these leaves and its
retention in senescence leaves. This indicates that senescence plays a
relief mechanism to regulate Na" and CI” concentration of leaves

The higher K" concentration in recently expanded leaves L, and
fully expanded L3 could be due to the faster rate of transpiration of this
leaf which reflects the active status of this leaf category.

The lower ion concentration in expanding leaves suggest that ions
may not provide adequate solute for osmotic adjustment in this leaf
category. Gorham et al (1985) reported that under saline condition, Na*
and CI" increased in the leaves contributed to osmotic adjustment but
were accumulated mainly in the vacuole when tissue concentration
exceeded about 200 mol/m® water volume (i.e. osmotic pressure greater
than 0.9 Mpa). The analysis in the present study shows that Na’
concentrations in date palm leaves were much in excess of this value of
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200 mol/m?® in the tissue water volume in both saline and non-saline
condition.

A more negative root and shoot water potentials than found in the
external media is necessary for the plant to sustain a water potential
gradient which assures an inward flow of water in diverse saline
environments. The results of the present study indicate that root and leaf
water potentials and osmotic potentials were generally more negative
under saline condition, increasingly so in expanding leaves.

The K¥, Ca™ and Mg" concentrations of leaf tissues in the present
study of plants grown even under saline condition, represent levels
usually regarded as adequate for growth (Taiz and Zeiger, 1991 and
Salisburg and Ross, 1992).

Ca™" is essential for the normal development of cell wall and
membrane of cells. It is immobile element within the plant and as a
results deficiency tend to appear in the expanding leaves. No Ca™*
deficiency symptoms appeared in this study. Ca™ and CI partitioning
studies showed extremely poor phloem mobility in leaf laminae and there
cycling through leaves or roots is unlikely to be operative (Marschner,
1995; Jeschlce and Pate, 1995)which is in agreement with the results of
the present study.

Mg"™ concentration in L, was significantly lower and was also
supported by the neglictaise chlorophyll content in this leaf category.
This indicates that expanding leaves (L,) of date palm does not play any
role in assimilate production. Jeschke and Pate (1991) found that flow
pattern for Mg*™ in Ricinum communis plants under salt stress showed
relatively even distribution through the plant, but with extra uptake by
young leaves and generally less export from than import into leaf tissue.
This results contract with what have been reported in the present study.

Salinity in the present study had no effect on chlorophyll content.
Guy and Read (1986), Everard et al (1994) also reported similar results.
The changes in chlorophyll contents observed here are consist with what
was reported in Mg™" that chlorophyll content increased with leaf age
until L.
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RESPONSE OF "SEEWY" DATE PALM TO SALINITY OF
IRRIGATION WATER UNDER SIWA OASIS CONDITIONS

G. Abdel-Nasser and M. M. Harhash

Faculty of Agriculture, Saba Bacha, Alexandria University,
Alexandria, Egypt.

Ten date palm (Phoenix dactylifera L.) orchards, CV. Seewy at
Siwa Oasis were selected according to salinity of well waters to study the
effect of well water quality on growth, leaves elemental contents, yield
and fruit quality during 1999 and 2000 growing seasons. Irrigation water
for every orchard was taken from one well drilled in each orchard. The
saline water having salinity concentrations ranged between 2.5 to 14.6
dS/m. The vyield, fruit quality, and leaf characteristics were examined.
The data generally revealed that, increasing salinity of well water (Ec;,)
markedly decreased yield, fruit weight, length and diameter. The data
also, indicated that increasing salinity of irrigation water leads to
accumulate Na, K, and CI in the leaves, but other elements were
decreased.
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EFFECTS OF FRUIT THINNING OF “MADENI” DATES ON
FRUIT QUALITY AND YIELD

M.A.O. Bamiftah

Horticulture Section, Agricultural Research Center, P.O. Box 9041,
Fax (+967)5403187, Seiyun, Hadhramout Governorate, Yemen.

On-farm experiments were conducted in Wadi Hadramout,
Republic of Yemen during the seasons 1986/87 and 1990/91 to compare
three months of fruit thinning of date palm variety “Madeni” and the
subsequent effects on fruit quality of yield the treatments indicates:
Control, Cutting back tips of strands to reduce the initial fruit load by
30% at the time of pollination, Cutting back the central strands to reduce
the initial fruit load by 30% at the time of bunch bending, An equal
combination of 2 and 3 to reduce the initial fruit load by 40%. Results
indicated that thinning treatments generally improved the fruit
characteristics as evident in increased fruit size, weight and uniformity.
The best thinning treatment was found to be cutting back tips of strands
to reduce the initial fruit load by 30% at the time pollination giving the
best fruit quality, particularly fruit size and significantly different average
fruit weight (P = 0.05) compared to the control.
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indicated that thinning treatments generally improved the fruit
characteristics as evident in increased fruit size, weight and uniformity.
The best thinning treatment was found to be cutting back tips of strands
to reduce the initial fruit load by 30% at the time pollination giving the
best fruit quality, particularly fruit size and significantly different average
fruit weight (P = 0.05) compared to the control.

152



THE EFFECT OF DIFFERENT THINNING PRACTICES ON THE
QUALITY AND YIELD OF MISHRIG WAD LAGGAI (MWL)
AND MISHRIG WAD KHATAIB (MWK) DATE PALM
CULTIVARS

D.H. Dawoud
Alzaaem Al Azhari University, Faculty of Agriculture, Cairo, Eygpt.

Thinning practices for MWL and MWK. experiments were
conducted at New Halfa, Degaim Governmental orchard in 89-1992
seasons (on MWL and MWK cultivars), at Hag Bashier orchard at
ELGeraif -private Orchard. in 93/94-94/95 seasons on MWL cultivars.

The results indicated that the method of thinning was found to be:
removal of entire central strands of pollination, produce high quality
fruits for the tow cultivars under New Halfa and MWL under EL Geraif
condition.
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THE EFFECT OF BUNCHES THINNING ON PHYSICAL AND
CHEMICAL CHARACTERISTICS OF FRUIT FOR THREE
DATE PALM CULTIVARS

Hasan R. Shabana, Mansoor |I. Mansoor, Salih A. Abdulla
Waleed M. Alsafadi
Min. of Agric. And Fish. P.O. BOX 1509 DUBAIU A E

ABSTRACT

The effect of bunches thinning on yield and quality of three
commercial date palm cultivars were studied during 1997 and 1998, at
AL Humraniyah Agricultural Experimental Station.

Three treatments of bunches thinning were made, leaving 4 bunches
/ tree, 8 bunches / tree and 12 bunches / tree.

The results has shown that thinning treatment has improved the
quality of fruits in particular, weight,T.S.S., and moisture content.

Severe bunch thinning (4 bunches/tree) had largely reduced the
yield.

It can be concluded under the condition of this experiment that
moderate bunches thinning (8 bunches /tree), will lead to improve fruit
quality at reasonable level of yield.

INTRODUCTION

There are two common methods of date palm fruit thinning, first
one, including bunches reduction per tree which leads to elimination of
alternative bearing and at the time improve fruit quality and early ripening
(1,3,6,7 and 8).

The second technique is to reduce the number of fruits per bunch by
cutting: the bunch end, bunch heart, strands or thinning fruit on strands.

The latest method is more effective on improving quality of fruits,
particularly, fruit volume, early ripening, and chemical composition.

In UAE there are about 120 cultivars, some of them are

commercially distributed. Fruits of these cultivars are recognized by
small volume and low grading (8).

154



Accordingly our aims in this study are to improve fruit
characteristics and grading in high standards by date factories.

MATERIALS AND METHODS

This experiment was carried out at Al-Hamraniya Experimental
Station, located in northern agriculture region of UAE for two successive
seasons, 1997 and 1998, on three commercial cultivars (Lulu, Khasab, and
Jash-Habash).

Uniform trees of 9 years old were selected, and number of leaves /
tree for each cultivar was similar.

Three treatments of bunches thinning were made at Hababok stage
of fruit development (one weak after fruit setting).
as follows :
1- leaving 4 bunches / tree
2 — leaving 8 bunches/ tree
3 —leaving 12 bunches/ tree

At the beginning of Rutab stage , the following analysis were
measured :
1 — Fruit weight and volume, (100 fruits / tree)
2- Seed * “ (" “ )
3 - Bunch weight, (weighing all bunches per tree),
4 — Total soluble solids were determined by a hand refractometer.
5 - Fruit moisture content, was estimated by drying fruits in a vacuum
oven at 67 C for 24 hs,

All treatments were arranged in a randomized block design. Each
treatment was replicated four times with one tree for each replicate.

RESULTS AND DISSCUSION

The results in Tables (1 and 2) show the effect of bunches thinning
on fruit and seed weight and volume in 1997 and 1998 seasons. It was
found that there is inverse relation between number of bunches per tree
and average weight and volume of fruit.

The differences are almost significant between all treatments in both

years of experiment. For example in Khasab cultivar in 1997, the weights
of fruit were 15.96, 12.76 and 9.95 gm. For 4, 8 and 12 treatments
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respectively. The results of 1998 season (Table 2) showed a similar
pattern (Fig.1).

These results were in close agreement with those reported by (2, 4,
5).

Thinning of bunches has on effect on the weight and volume of seed.
The relationship between the above two parameters was aversive.

Average bunch weight, total yield, soluble solid percent and moisture
content in fruits were affected by bunches thinning. These data are shown
in Tables 3 and 4 and Fig. 2, which indicates:

1- An inverse relation between number of bunches per tree and average
bunch weight for all mentioned cultivars and for both 1997 and 1998
years. The differences between treatments were significant. For
example in Khasab cultivar, the weight of bunches were, 25.61, 16.27
and 12.30 kg per bunch at4, 8 and 12 treatments respectively for
1997 season (Table 3). Similar tendency was noticed in 1998 as
shown in Table 4.

2- Total yield per tree was decreased significantly due to reduction in
number of bunches. The production was the highest in 12 bunches
per tree treatment for all cultivars under study and in both years
followed by the second treatment (8 bunches per tree), as shown in
Lulu cv. The total yield per tree was 54.68, 82.664 and 104.64 kg for
4, 8 and 12 treatments respectively, in 1998 season. Similar tendency
was found in 1997, (Table 3 and Fig. 2).

3- The relationship between number of bunches per tree and fruit's total
soluble solids percent was aversive, and the differences between
treatments were significant.

In 1997, the T.S.S for Lulu cv. were 43.65, 40.77 and 38.18 % for 4,
8 and 12 treatments respectively. Similar pattern was noted in 1998 as
shown in table 4. These data are in agreement with those of (4 and 7).

4- The moisture content of fruit was decreased as a result of bunches
reduction per tree. Consequently, the fruit ripening in low bunches
number treatment will be early, compared to high bunches number
treatment.

Decreasing number of bunches per tree improved the chemical
characteristics of fruits, and this was in accordance with (2,4 and 5).
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TABLE (1) EFFECT OF BUNCHES THINNING OF DATE PALM TREES

ON FRUIT & SEED WEIGHT & VOLUME (1997)

FRUIT SEED SEED
cuLTIvar | BUNCH e iGHT SR WEIGHT VOL.
NO. VOL. Cm3
gm. gm. Cm3
4 12.70 12.50 1.06 0.95
LULU 8 11.58 11.67 1.09 0.90
12 9.31 9.17 1.01 0.88
LSD 5% 112 1.06 0.081 0.090
4 15.96 16.25 0.95 0.85
8 12.76 12.83 81 0.72
KHASAB 12 9.95 10.00 0.72 0.60
LSD 5% 153 172 0.093 0.098
4 78 85 112 1.00
ffAS;ASH 8 6.54 8.00 1.01 0.90
12 5.65 6.00 0.01 0.80
LSD 5% 1.07 113 0.085 0.091

TABLE (2) EFFECT OF BUNCHES THINNING OF DATE PALM TREES

ON FRUIT & SEED WEIGHT & VOLUME (1998)

FRUIT SEED SEED
CULTIVAR | BUNCH WEIGHT AREITT WEIGHT VOL.
NO. VOL. Cm3
gm. gm. Cm3
4 14.09 14.11 1.02 0.91
LULU 8 11.93 11.87 0.97 0.95
12 10.01 9.95 0.91 0.89
LSD 5% 1.60 1.52 0.062 0.041
4 16.82 17.09 1.01 0.95
KHASAB 8 13.01 13.00 0.90 0.81
12 10.12 10.70 0.79 0.72
LSD 5% 1.67 1.89 0.059 0.062
4 8.61 8.79 1.00 1.02
JHAASI';ASH 8 7.02 731 0.95 0.89
12 5.94 6.02 0.73 0.80
LSD 5% 1.11 1.09 0.066 0.059
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TABLE (3) EFFECT OF BUNCHES THINNING OF DATE PALM TREES

ON YEILD & SOME CHEMICAL FRUIT CHARACTERISTICS (1997)

BUNCH FRUIT
cuLTivAar | BUNCH 1 \yeigut | TOTALPALM | T.SS. 1 o 1sTURE
NO. YEILD Kg %

Kg. %

4 15.60 62.40 16 57

LULU 3 11.23 83.84 a1 61
12 911 109.32 11 63
LSD 5% 2.3 10.22 3.93 3.52
4 2561 102.44 49 57

KHASAB 8 16.27 130.16 a1 51
12 12.30 147.60 20 49
LSD 5% 371 6.97 4.01 2.79
4 16.56 66.24 41 55

JHAAS:ASH 8 12.20 97.60 36 61
12 10.02 128.24 33 68
LSD 5% 2.01 9.20 2.79 3.68

TABLE (4) EFFECT OF BUNCHES THINNING OF DATE PALM TREES

ON YEILD & SOME FRUIT CHEMICAL CHARACTERISTICS (1998)

BUNCH FRUIT
cuLTIvAR | BUNCH I \weigHT | TOTALPALM |/ T.SS. 1o 1sTURE
NO. YEILD KG %
KG. %
4 13.67 54.68 43.65 57.88
LULU 8 10.33 82.64 40.77 61.44
12 8.72 104.64 38.18 64.30
LSD 5% 2.18 9.37 2.01 4.93
4 21.70 86.80 4415 58.93
KHASAB 8 18.30 146.40 42.06 60.13
12 11.95 143.40 40.00 64.50
LSD 5% 3.22 8.71 3.01 5.73
aoH 4 18.25 73.00 39.71 55.01
i 8 12.50 100.00 32.63 62.18
12 9.25 111.00 32.12 68.38
LSD 5% 2.07 7.83 3.72 5.12
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EFFECT OF FRUIT THINNING AND POTASSIUM
FERTILIZATION ON “SEEWY” DATE PALMS GROWN AT
SIWA OASIS

M.M. Harhash

Plant Production Department (Pomology), Faculty of Agriculture
(Saba Basha), Alexandria University, Egypt.

The present study was carried out during 1998 and 1999 growing
seasons in a private orchard at Siwa Oasis, Matrouh Governorate with the
aim of investigating the combined effects of fruit thinning and K-
fertilization on vegetative growth, number of bunches/palm, yield, fruit
quality and pinnae mineral contents of 20 years old “Seewy” date palms.
Generally, both of fruit thinning and K-fertilization significantly
increased the vegetative growth; number of new growing leaves and
length and area of pinnae. However, the pinnae width was not affected
significantly by the treatments used. Leaf length was not affected by fruit
thinning but increased significantly by the K-fertilization. The number of
bunch per palm increased significantly by fruit thinning and K-
fertilization. The results indicated that fruit thinning markedly decreased
the yield but the potassium fertilizer increased the yield. The data also
indicated an improvement of fruit physical properties i.e., fruit weight,
dimensions and flesh weight % by using fruit thinning and K-fertilization.
The fruit chemical properties i.e., T.S.S., pH and sugar (total, reducing,
non reducing) increased and Tannins content decreased by fruit thinning
and K-fertilization. Leaf N and K contents were increased while Ca, Mg,
and Na contents were not affected by fruit thinning. On the other hand,
leaf contents of N, K, and Mg increased but Na decreased by K-
fertilization. According to the above mentioned results, it is
recommended to fertilize “Seewy” date palm with 750 g K,O (1500 g
potassium sulfate/palm/year) at 25% fruit thinning under the condition of
the experimental orchard for improving their growth, yield, and fruit
quality.
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STUDY ON FRUIT DROP OF “KHUNEIZI” DATE PALM
CULTIVAR

M. Ben Salah
Arid Lands Institute, Nahal-Gabes 6051, Tunisia.

This study was conducted by the Date palm project OADA; at the
agricultural research farm of Directorate General of Agricultural
Research at Barka in the Sultanate of Oman. To study the phenomenon of
fruit drop in date palm CV Khuneizi, the fruit drop was monitored
throughout the whole season starting from fruit setting to the harvest.
This was being repeated for two seasons. The duration of data collection
was 3 days. Also, fruit thinning was applied in the same experiment to
look at the effect on fruit drop. The results revealed that fruit drop
continued throughout the whole season of fruit development. The
maximum fruit drop was recorded at two stages of fruit development; the
first being at the “Hababouk” stage, and the second was during the
“Khalal” stage. Fruit thinning significantly reduced the fruit drop when
compared to the control. The minimum fruit drop was noticed when 1/3
of strands was cut from the inside of the bunch.
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APOMIXIS INDUCTION POSSIBILITY EXPLORED IN DATE
PALM (PHOENIX DACTYLIFERAL.)

A. Ben Abdallah®, P. Lepoivre?, and P. du Jardin®

! Biotechnology Laboratory, Tunisian National Agricultural Research Institute
(INRAT), Tunisia.
2 Phytopathology Unit, Agricultural University of Gembloux, Belgium.
3 Plant Biology Unit, Agricultural University of Gembloux, Belgium.

A primary problem in multiplication of date palm (Phoenix
dactyliferz L.) is the current obligatory and slow vegetative propagation
by offshoots as well as the dangerous diseases (Bayoud), genetic erosion
and genetic heterogeneity of the male palms. Date palm culture is in need
of other strategies of multiplication. The possibility of in situ
parthenogenesis induced by irradiated pollen was explored in date palm.
The experiment included two males genotypes (T106 and T23) and four
females (Deglet Nour, Allig, Kentichi and Menakher) in Tozeur (South of
Tunisia). Pollen was irradiated with 0,25 Gy to 5000 Gy doses. The
results showed that pollen was capable of germination even after
irradiation at 4000 Gy. A high radio-resistance level was noted and 5000
Gy was the lethal dose for date palm pollen. Diploid plants produced
were planted in the field. The second way explored for apomixis
induction was treatment with GA3. Results showed that the application of
GA3 on unpollinated female inflorescence gave a high frequency of fruit
set. Seeds, obtained through GA3 treatment, developed normally and
contained a kernel and a viable embryo. First results showed, by
histology, that self pollination can be ruled out and isoenzymes profiling
indicated that both homozygotes and heterozygotes are obtained among
the “apomictic plants”. These results and additional RAPD data are
consistent with the existence of doubled haploid in the apomictic
progenies. AFLP technique is recently introduced in our laboratories and
was used to clarify the induced phenomenon.
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SOME FACTORS AFFECTING GROWTH AND ROOTING OF
DATE PALM OFFSHOOTS

D.H. Dawoud
Alzaaem Al Azhari University, Faculty of Agriculture, Eygpt.

This study was consisted of two experiments carried out under
orchard conditions in 1993 in New Halfa, Kassala State, to investigate the
factors affecting the growth and rotting of date palm offshoots. In the first
experiment, the effect of different detachment dates on growth of date
palm offshoots rooting was studied .The interval between successive
planting dates was 30 days starting, from April 1993, till March 1997,
survival percentage of the offshoots years and two years after planting,
indicated that December was a suitable month for detachment and
planting MWL offshoots, while March and June for MWK offshoots. In
the second experiment, the methods of planting offshoots on growth and
rooting were studied, and the methods used were namely: -1-severe
pruning and completely buried planting method. 2-partially pruning and
partially buried planting method compared with the traditional method of
planting. The results of three years indicated that the first method gave
the highest significant results in all observed characters.

164



PHYSICO-CHEMICAL CHARACTERISTICS OF FRUITS AND
PITS OF SOME DATE PALM CULTIVARS
AS AFFECTED BY CULTIVARS AND SEASONS

Ibrahim, A.F.; A.M. Attalla; Amal M. El-Kobbia
and Laila Y. Mostaffa

Department of Pomology, Faculty of Agriculture, EI-Shatby,
University of Alexandria, Egypt

ABSTRACT

This work was carried out on four Egyptian date palm cultivars in
order to study the changes in the physical and chemical characteristics of
the fruit during the growing season. The results of the present study
showed that Samany cultivar has the highest fruit yield. It was noticed
that fruit fresh weight increased rapidly throughout the growing season.
The average fruit dry weight, length and diameter varied from one
cultivar to another. Also, sugars, tannins and mineral contents of the fruit
varied from one cultivar to another and throughout the season. Almost the
same trends were noticed with the studied traits of pits.

INTRODUCTION

Date palm (Phoenix dactylifera L.) is one of the most important
fruit crops. It is especially so in Arab region and the area boardering the
Mediterranean Coast. Date palm has been cultivated since the prehistoric
time in Egypt. Due to the nutritional value of the fruits, Egypt as well as
many other countries exited great offers for increasing the date
plantations. According to the statistical records of 1998, the total number
of fruiting female trees reached about 7.951 millions which produce
741,000 tons of fruits in 1997. There is a distinct lack of information on
the physical and chemical changes that occur during development and
ripening of fruits of the four cultivars. Therefore, the present study was
undertaken to provide more knowledge of physical and chemical
characteristics of fruits and pits of some important Egyptian date palm
cultivars (Zaghloul, Samany Bent Aisha and Halawy).
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MATERIALS AND METHODS

The work reported in this paper was conducted during two
successive seasons of 1997 and 1998 in EI-Bosiley Horticultural
Experimental Station, Behera Governorate, Egypt. Four Egyptian date
palm cultivars namely; Zaghloul, Samany (fruits consumed at Khalal
stage), Bent Aisha and Halawy (fruits consumed at Rutab stage). The
palms of the four cultivars were about 36-years-old and planted at 10
meters apart. Five palms of each cultivar, as uniform as possible, were
selected for this study. All samples of fruits were picked at two-week
intervals from June, 1% to October, 15™. Fruit samples were collected at
three different stages of development and maturity; Hababouk, Kimri and
Khalal. The number of fruits per sample for each replicate varied
according to the stage of maturity ranging from about 50 fruits during the
early stage development and decreased gradually to 20 for the last stage
of maturity. In addition, yield (kg/palm) at the end of Khalal stage (at
harvest) was determined for all replicates of the studied cultivars. Pits
were separated from the fruit samples taken at the last sampling dates (on
October, 15™). Samples were washed thoroughly with tap and distilled
water, oven-dried at 70°C to a constant weight. Total sugars were
determined according to Malik and Singh (1980), while tannins and crude
fats were estimated according to A.O.A.C. (1980). Nitrogen and
phosphorus were determined colorimetrically according to Evenhuis
(1976) and Murphy and Rily (1962), respectively. Potassium was
determined by Flame Photometer, calcium was determined by versenate
method (Cheng and Bray, 1951), while iron and zinc were determined by
Perkin Elmer Atomic Absorption Spectrophotometer. The experiment
was randomized split plot design and the obtained data were statistically
analyzed according to Snedecor and Cochran (1972).

It is worth mentioning that the data in Tables (1, 2 and 3) represent
the values of three dates; June, 15" (Hababouk), July, 15™ (Kimri) and
October, 15" (Khalal).

RESULTS AND DISCUSSION

Physical characteristics:

Results presented in Table (1) show that, in all cultivars, the
average fresh and dry weight, length and diameter of the fruit ranged
from 0.60 to 32.86 gm, 0.12 to 6.33 gm, 1.29 to 5.92 cm and 0.98 to 3.47
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cm, respectively. It was noticed that the average values of previous
characters increased gradually through the maturation period. This
increase from the beginning of the experiment, early during the green
stage (Hababouk), until the fruit reached the fully coloured stage
(Khalal). Similar findings were also reported by Attalla et al. (1988),
Sharaan (1990) and Al-Hooti et al. (1997).

Chemical constituents:

Data in Table (1) showed the seasonal changes in total sugars and
tannins content in fruits of the tested date cultivars. The average contents
of fruit sugar and tannins ranged from 8.29 to 81.87% and 0.79 to 3.91%,
respectively. The obtained data indicated that the percentages of fruit
sugars increased rapidly as the fruit growth advanced during Hababouk to
Khalal stage (October, 15™). On the contrary, the percentages of fruit
tannins decreased rapidly as the fruit growth advanced (during Hababouk
to Khalal stage). The present results are in line with those reported by
Sourial et al. (1986 b), Al-Hooti et al.(1997) and Attalla and Warrag
(1999).

Fruit yield:

Data concerning the annual yield/palm of the studied cultivars are
presented in Table (1). The averages fruit yield/palm (kg) for Zaghloul,
Samany, Bent Aisha and Halawy were 142.84, 308.16, 146.34 and 145.42
and 138.5, 287.4, 171.2 and 109.22 kg/palm for 1997 and 1998,
respectively. In both seasons Samany had the highest value of fruit yield.
The data of the present study seemed to be in line with those reported by
Al-Saeid et al.(1986) and Abd El-Hameed (1997).

Fruit mineral content:

The mineral analysis data in Table (2) indicated that levels of the
various elements like nitrogen, phosphorus, potassium, calcium and zinc
decreased progressively as the fruit matured progressed (from Hababouk
to Khalal stage). However, no constant trends were, generally, found in
the four studied cultivars regarding the contents of fruit iron.These results
agreed with those reported by Al-Juburi et al.(1994) and Al-Hooti et al.
(1997). According to these researchers, the mineral content of the date
fruit may be influenced by the level of soil fertility as well as by the
amount of fertilizers applied to the trees.
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Physical and chemical characteristics of pits:

Regarding the physical and chemical characters of the pits of four
selected date cultivars, it is evident that the ranges were as follows: fresh
weight, 1.48-2.78 gm; total sugars, 2.22-3.99%; tannins, 1.51-2.84% and
crude fat, 7.9-11.31%. It is also evident that there were significant
differences observed among the pits of the studied cultivars in most cases
(Table 3).

The elemental composition of the pits of four selected date
cultivars is presented in Table (3). It is evident that there were significant
differences in nutrient elemental composition between one cultivar and
another in most cases. The obtained results have also shown that the
nutrient concentration ranges in the pits were as follows: N, 0.84-1.28%;
P, 0.13-0.29%; K, 0.26-0.30%; Ca, 0.19-0.42%; Fe, 96-182 ppm and Zn,
4-6 ppm. The variation in the contents of nitrogen, phosphorus,
potassium, calcium, iron and zinc among the studied cultivars are in
agreement with those reported by Attalla and Harraz (1996) and Abdel-
Nabey (1999).

It could be concluded that the physiological parameters such as
fruit weight, length and diameter of the four cultivars studied were
maximum in the Khalal stage. As the fruit matured from the Hababouk to
Khalal stages, the sugar contents increased but tannins content decreased.
Date fruits were found to be a reasonably good source of most the macro-
and micro-elements. Also, the pits of the studied cultivars are rich in
some minerals specially iron content, total sugars and crude fats.
Therefore, they can be used for feeding livestock or mixed with other
forages or fodder crops.
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Table (1): Physical and chemical characteristics of the fruits and yield (kg/palm) of the studied date palm cultivars in 1997 and 1998

seasons.
Fresh weight | Dry weight | Fruit length |Fruit diameter Sugars Tannins Yield
i Stage of | Date of
Cultivar ) . (gm) (gm) (cm) (gm) (%) (%) (kg/palm)
maturity | picking
97 98 97 98 97 98 97 98 97 98 97 98 97 98
Hababouk |June, 15| 0.83| 1.71| 0.32| 0.13] 1.31| 1.79| 1.01| 1.34| 829 882 352 391 <« o
Zaghloul |Kimri July,15 | 7.97| 12.86| 0.61] 0.77| 3.17| 3.85| 2.02| 2.33] 20.87| 19.80| 2.02| 2.60 3 %
Khalal ~ |Oct.15 | 25.93| 25.15| 3.95| 5.00| 5.92| 583 2.77| 293| 70.64| 70.63] 1.09] 1.09] — | =
Hababouk |June,15| 0.60/ 0.81| 0.15] 0.12| 1.29| 1.41| 0.98| 1.09| 13.11| 15.78| 3.27| 3.71 © Q
Samany |Kimri July,15 | 8.09| 7.48 099 091 3.27| 319| 233 222 33.17| 3210 193] 277 « >
Khalal Oct., 15 | 32.86| 30.65| 5.83| 6.26| 5.62| 555 3.47| 3.32| 79.74| 81.87| 084 079 N
Hababouk |June,15| 0.72| 0.98| 0.22| 0.14| 1.39| 141 1.07| 1..06| 14.18| 15.24| 3.69| 351 <« o
B.ent Kimri July,15 | 6.06/ 4.85| 0.73] 0.76] 2.88/ 2.53| 1.88| 1.85| 32.90| 31.03| 1.86] 2.79 g g
Aisha Khalal Oct.15 | 17.18| 15.46| 593 553| 4.24| 431 251| 259  72.78| 73.57| 1.06] 0.98 -
Hababouk |June,15| 1.42| 2.92| 0.42| 031 1.69| 1.84| 1.41| 1.54| 15.78| 16.85| 3.39| 3.48 S N
Halawy [Kimri July,15 | 8.76| 8.22| 118 1.22| 3.34] 323 228 223 36.65 31.57| 1.86| 259 S
Khalal ~ |Oct.15 | 24.05| 18.06| 6.33| 4.15| 4.69| 4.71| 3.07| 2.86| 77.33| 79.73| 1.02| 083 ~— | =
L.S.Dg.os 0.88| 1.26] 0.24| 0.30, 0.20| 0.33] 0.13] 0.15| 5.77| 4.56| 0.20] 0.18]40.63|33.30
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Table (2): Mineral composition (on dry weight) in the fruits of the studied date palm cultivars in 1997 and 1998 seasons.

Stage of Date of Nitrogen Phosphorus Potassium Calcium Iron Zinc
Cultivars | maturity | . . % ppm
picking
97 | 98 | 97 | 98 | 97 | 98 | 97 | 98 | 97 | 98 | 97 | o8
Hababouk |June,15 | 2.16 | 3.10 | 023 | 028 | 16 | 15 | 1.08 | 1.08 | 78 | 78 | 72 | 66
Zaghloul |Kimri  [July,15 | 253 | 2.98 | 019 | 029 | 1.4 | 1.3 | 089 | 103 | 8 | 77 | 57 | 6l
Khalal  |Oct,15 | 1.79 | 157 | 012 | 017 | 13 | 08 | 076 | 081 | 55 | 60 | 23 | 27
Hababouk |June,15 | 2.16 | 253 | 022 | 026 | 15 | 15 | 097 | 098 | 9 | 89 | 71 | 76
Samany |Kimri  |July,15 | 247 | 205 | 020 | 024 | 1.0 | 1.3 | 086 | 096 | 87 | 8 | 39 | 47
Khalal  |Oct.15 | 1.56 | 1.56 | 0.16 | 017 | 09 | 09 | 071 | 081 | 77 | 75 | 27 | 23
Hababouk |June,15 | 2.54 | 2.31 | 019 | 025 | 13 | 1.4 | 1.08 | 098 | 98 | 94 | 74 | 75
Bent |imri  |July5 | 216 | 1.86 | 016 | 021 | 10 | 1.1 | 1.00 | 0.94 | 45 | 46 | 43 | 39
Aisha |\ alal |oct.15 | 134 | 074 | 010 | 013 | 08 | 06 | 080 | 081 | 66 | 66 | 30 | 27
Hababouk |June,15 | 2.47 | 2.91 | 021 | 028 | 11 | 1.1 | 099 | 099 | 97 | 96 | 56 | 59
Halawy |Kimri  [July,15 | 2.02 | 201 | 019 | 024 | 1.2 | 1.3 | 101 | 100 | 52 | 5 | 44 | 36
Khalal  |Oct,15 | 1.12 | 1.04 | 012 | 019 | 08 | 06 | 2.00 | 081 | 73 | 74 | 33 | 43
L.S.Dg o5 N.S | 0.56 | 0.03 | 0.03 | N.S N.S | 0.09 | N.S 7.0 4.0 10 6
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Table (3): Physical and chemical characteristics of the pits (at harvest) of the studied date palm cultivars during 1997

and 1998 seasons.

Characters Zaghloul Samany Bent Aisha Halawy L.S.Dg o5
1997 | 1998 | 1997 | 1998 | 1997 | 1998 | 1997 | 1998 | 1997 | 1998
Pit weight gm 219 | 2.09 | 278 | 2.56 2.20 206 | 157 | 148 | 038 | 0.31
Total sugars % 399 | 385 | 3.02 | 294 | 345 367 | 222 | 262 | 021 | 031
Tannins % 237 | 227 | 166 | 151 2.40 284 | 178 | 200 | 0.17 | 0.17
Crude fat % 8.62 7.90 8.39 8.62 | 11.17 | 1097 | 11.25 | 11.31 | 1.26 1.57
Nitrogen % 128 | 0.84 | 1.04 | 0.93 096 | 107 | 107 | 126 | N.S 0.13
Phosphorus % 019 | 022 | 029 | 0.28 024 | 023 | 013 | 0.16 | 0.03 | 0.02
Potassium % 026 | 029 | 030 | 0.29 027 | 030 | 028 | 0.26 | 0.02 N.S
Calcium % 028 | 0.27 | 040 | 042 020 | 019 | 027 | 025 | NS 0.05
Iron ppm 122 162 125 182 106 153 96 137 4 3
Zinc ppm 5.0 4.0 6.0 5.0 5.0 5.0 6.0 5.0 0.3 0.5
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SEASONAL FLUCTUATION OF PHYSICAL AND CHEMICAL
CHARACTERISTICS OF PINNAE OF SOME DATE PALM
CULTIVARS

Attalla, A.M.; A.M.F. Ibrahim; Amal M. El-Kobbia and
Laila Y. Mostaffa

Department of Pomology, Faculty of Agriculture, EI-Shatby,
University of Alexandria, Egypt.

ABSTRACT

This investigation was conducted in order to study the fluctuation
in the physical and chemical characteristics of pinnae of some Egyptian
date cultivars. The obtained results indicated that the average pinnae dry
and fresh weights and other physical characters varied from one cultivar
to another and throughout the growing season. Moreover, sugars, tannins
and mineral contents, also, followed the same trend. In some minerals, the
data indicated that no definite trend was observed.

INTRODUCTION

Date palm (Phoenix dactylifera L.) has been an important crop in
the regions of Middle Eastern countries, and has formed the basis of
survival for many ancient nomads. In Egypt, the total number of fruiting
female palms is about 7.951 millions which produce 741,000 tons of
dates in 1997 (Statistics, 1998). Pinnae analysis is being widely used to
determine the nutritional status of fruit trees (Leece and Cradock, 1971).
Also, the nutritional value of pinnae makes them valuable to use for
feeding livestock and animal or mixed with other foragecrops (Nour and
Tag EI-Din, 1993). The objective of this study is to evaluate the physical
and chemical characteristics of pinnae of some important Egyptian
cultivars (Zaghloul, Samany, Bent Aisha and Halawy) for their contents
of pinnae dry and fresh weight, sugars, tannins and minerals content
during the period of fruit development and ripening.
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MATERIALS AND METHODS

The present investigation was conducted during two successive
seasons of 1997 and 1998 in EI-Bosiley Horticultural Experimental
Station, Behera Governorate, Egypt on four date palm cultivars namely;
Zaghloul, Samany (fruits consumed at Khalal stage), Bent Aisha and
Halawy (fruits consumed at Rutab stage). The palms of the four cultivars
were about 36-years-old and planted at 10 meters apart. Five palms of
each cultivar, as uniform as possible, were selected for this study. All
samples of pinnae were picked at two-week intervals from June, 1% to
October, 15™; from leaves located just over the fruiting zone (less than
one year old). Pinnae samples were obtained by removing to median
pinnae (five from each side of mid-point of laminar-pinnae-bearing
portion of the rachis) from three consecutive leaves around the axis,
making a total of 30 pinnae per sample for each replicate. Samples were
washed thoroughly with tap and distilled water, oven-dried at 70°C to a
constant weight. Total sugars were determined according to Malik and
Singh (1980), while tannins were estimated according to A.O.A.C.
(1980). Nitrogen and phosphorus were determined colorimetrically
according to Evenhuis (1976) and Murphy and Rily (1962), respectively.
Potassium was determined by Flame Photometer, calcium was determined
by versenate method (Cheng and Bray, 1951), while iron and zinc were
determined by Perkin Elmer Atomic Absorption Spectrophotometer. The
experiment was randomized split plot design and the obtained data were
statistically analyzed according to Snedecor and Cochran (1972).

It is worth mentioning that the data in Tables (1 and 2) represent
the values of three dates; June, 15" (Hababouk), July, 15™ (Kimri) and
October, 15" (Khalal).

RESULTS AND DISCUSSION
Physical characteristics:

The data of pinnae physical characteristics occurring during the
development of fruits of Zaghloul, Samany, Bent Aisha and Halawy
cultivars are presented in Table (1). The average fresh and dry weight of
the pinnae ranged from 2.67 to 6.52 gm and 1.15 to 2.98 gm, respectively.
It was also found that pinnae fresh and dry weight generally reached the
highest value in October, 15" (Khalal stage) in 1997 and 1998 seasons.
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However, no constant trend was observed through the growing seasons.
The previous results are in accordance with those reported by Abdalla et
al. (1998).

Chemical characteristics:

The data concerning pinnae chemical contents of the studied
cultivars, as well as the fluctuations of their values during fruit growth
and development are listed in Table (1). The average pinnae sugars and
tannins content during the two growing seasons ranged from 1.95 to
4.96% and 0.42 to 2.53%, respectively. These values of pinnae sugars
content generally showed a significant decrease on July, 15" then
followed by a pronounced increase at the end of growing seasons. It could
be mentioned that the decrease of total sugars in the pinnae may be
attributed to sugar accumulation in fruits (Aldrich and Young, 1941).
Regarding the concentration of pinnae tannins decreased at the end of
season, whereas the other pinnae samples did not show a constant trend.
The obtained results are in accordance with those reported by Attala and
Warrag (1999).

Table (1): Physical and chemical characteristics in the pinnae of the
studied date palm cultivars in 1997 and 1998 seasons.

Fresh . :
: . Dry weight| Sugars Tannins
. Sampling| weight 0 0
Cultivars date (gm) (gm) (%) (%)

97 | 98 | 97 | 98 | 97 | 98 | 97 | 98

June, 15 | 3.15|2.67|1.39|1.15|3.04 |3.76 | 253 | 1.25
Zaghloul (July, 15 |3.30 | 2.77 |1.22|1.29 | 2.49 | 2.78 | 0.80 | 1.32
Oct,,15 [3.91/3.00|1.74|1.41|3.95[4.34|/0.42 | 0.62

June, 15 | 5.77 1 4.56 | 2.30 | 2.44 | 2.79 | 2.35|1.91 | 1.33
Samany |July, 15 |5.45|5.45|2.39|2.25|225|297 144|161
Oct.,, 15 |6.52|5.99(293|2.98|4.924.93|0.58|0.58

June, 15 | 3.09 | 2.79 | 147 |1.71|256|3.921.89|1.14
July,15 |3.79(3.04|146|1.37|1.95|291|1.83|1.67
Oct., 15 14.55/3.00|2.16 |1.50|3.87 | 4.96 | 0.57 | 0.88

Bent-
Aisha

June, 15 | 4.29 | 3.67 | 1.72 | 2.13 |2.44|3.34|1.52|0.96
Halawy |July,15 [4.11|4.25|1.81|2.08 |2.33|2.44|1.36|1.22
Oct.,, 15 [4.15/4.25|245|2.16|4.26 | 3.79|0.55|0.54

L.S.Do.os 0.8410.76 10.38]0.37/0.38]0.30|0.16 | 0.16

Pinnae mineral content:
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Mineral composition of pinnae is presented in Table (2). The
pinnae nitrogen and calcium ranged from 0.97-3.80% and 0.61-0.94%,
respectively. The present values of nitrogen showed a significant increase
with fruit growth stage advanced, while pinnae calcium generally showed
a significant increase in October as compared with that of June in the
season of study. This increase of nitrogen percentage may possibly be due
to more growth and leaf maturity thus accumulating more protein (Al-
Kahtani et al., 1986). Pinnae phosphorus and potassium contents ranged
from 0.40-0.43% and 0.42-0.84%, respectively, and decreased
significantly with growing seasons. With respect to the micronutrients,
pinnae analysis showed different trends for the uptake of iron and zinc at
various growth stages. The following ranges of Fe and Zn were 93-232
ppm and 24-60 ppm, respectively. All the reported micronutrients showed
no definite trend for the four studied cultivars and during the two growing
seasons (Table 2). These results were partially in agreement with those
reported by Ibrahim and Sinbel (1989), Attalla et al. (1994), El-Kassas et
al. (1995) and Abdalla et al. (1998).

It could be concluded that the pinnae are rich in some minerals,

sugars and tannins. Therefore, they can be used for feeding livestock or
mixed with dates, pits and other forages or fodder crops.
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Table (2): Mineral composition (on dry weight) in the pinnae of the studied date palm cultivars in 1997 and 1998 seasons.

. Nitrogen Phosphorus | Potassium Calcium Iron Zinc
. Sampling

Cultivars date % ppm
97 98 97 98 97 98 97 98 97 98 97 98
June,15 1.08 | 1.82 | 0.37 | 0.33 | 0.80 | 0.80 | 0.72 | 0.68 | 139 | 197 | 49 48
Zaghloul [July,15 2.24 | 294 |1 0.26 | 0.25 | 0.75 | 0.68 | 0.69 | 0.61 | 120 | 191 | 40 43
Oct.,15 3.80 | 358|023 |014|060 084|078 |078| 93 | 103 | 54 53
June,15 097 | 139 | 0.39 | 0.28 | 0.60 | 0.71 | 0.83 | 0.68 | 145 | 152 | 38 44
Samany |July,15 268 | 291 | 0.34 | 0.24 | 0.65 | 0.44 | 0.67 | 0.74 | 139 | 157 | 44 35
Oct.,15 357 | 320 | 023 |0.16 | 045 | 048 | 0.81 | 0.82 | 122 | 108 | 48 47
June,15 1.19 | 1.22 | 042 | 0.28 | 0.81 | 0.63 | 0.68 | 0.62 | 165 93 | 24 28
Bent Aisha |July,15 2.68 | 261 | 0.32 | 0.24 | 0.58 | 0.61 | 0.80 | 0.86 | 232 | 215 | 42 38
Oct.,15 313 1320|021 |011 | 052|042 | 086|086 | 98 | 104 | 51 52
June,15 179 | 1.96 | 0.43 | 0.30 | 0.80 | 0.74 | 0.64 | 0.91 | 154 | 141 | 29 29
Halawy |July,15 3.06 | 246 | 0.31 | 0.27 | 0.52 | 0.59 | 0.76 | 0.89 | 219 | 184 | 59 60
Oct.,15 3.80 | 350 | 022 | 0.17 | 0.63 | 0.46 | 0.94 | 0.92 | 106 | 106 | 45 46
L.S.D o5 N.S | 0.60 | 0.04 | 0.03 | 0.10 | 0.16 | 0.08 | 0.09 | 26 17 7 7
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DATABASE FOR INFESTATION OF DATE PALM BY RED
PALM WEEVIL (RHYNCHOPHORUS FERRUGINEUS) IN U.A.E.
AND OMAN

Osman Khalifa*, A.H. El Assal*, F.A.A 1 Ezaby*, M.A. Murse*, S
M.AIl Nuaimi* & N S. Al Zehli. **

Department of Agriculture & Livestock, Al Ain, UAE.

ABSTRACT

Database survey carried out during seasons 1997/98 and 1998/99,
covered 7707 and 9476 farms, respectively, with a total of about 1.4-
million date palms in.

Evaluation of red palm weevil (Rhynchophorus ferrugineus Oliver)
infestation (0.15%), showed no difference between the new (51.52%) or
old (48.48%) infestation. In both cases, the degree of the medium
infestation (73.39%) was higher as compared to light (17.03%) and
severe (9.58%) infestation.

Susceptibility of known varieties, showed that Khesab, Khineze,
Lolo, Gabre and Helale were more susceptible to infestation as compared
to Khalas, Fard, Rezez, Buman, Messle, Bagl and Barhe. As difference is
not significant, good quality and high yielding varieties are usually
grown.

Statistical analysis indicated that date palms in the age group of 6-
10 years, were significantly more susceptible to infestation as compared
to any other age group. Date palms 16 and more years old, are more
resistant to infestation.

Place of infestation on the date palm stem, showed that infestation
at the height of 0-100 cm. was significantly more as compared to
infestation occurring at any other height. Infestation recorded higher than
one meter, was negligible

Re-infestation and mortality after treatment by insecticide
injection, were 1.75% and 1.41%, respectively. So insecticide injection
significantly controlled the infestation in the farms.

*PROJECT TEAM  MEMBERS. **CROP  POROTECTION
LABORATORY.
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INTRODDUCTION

In its efforts to extend its activities regionally, the Department of
Agriculture & Livestock, Al Ain, with the Faculty of Agricultural
Sciences, United Arab Emirates University, UAE, drew a protocol with
Sultan Qabous University and Ministry of Agriculture, Sultanate of
Oman, for the control of Red Palm Weevil (Rhynchophorus ferrugineus
Oliver) in both Countries.

A joint Four-Year Project, which is extendable after the Project
evaluation, was formulated in 1996 for implementation, mainly for the
control of red palm weevil infestation. Red palm weevil is becoming a
serious pest in both Al Ain (UAE) and Berime (OMAN) neighbor
counties.

Project team formulated the database survey for the evaluation of
infestation in both countries. Database survey was set up to provide
information about the susceptibility of different date palm varieties to
infestation, place of infestation on the stem, most susceptible age group of
the date palm, and the effect of insecticide injection on the control of
infestation.

Evaluation of the Database information collected, will enable us to
formulate an Integrated Pest Management (IPM) program for the control
of red palm weevil infestation.

The survey was carried out during seasons 1997/98 and 1998/99 in
34 extension centers located in 4 Regions, (Al Ain, Northern, Southern &
Western), Department of Agriculture & Livestock, Al Ain, UAE. In each
Center, there are 100-1000 farms, each with a minimum of 200 and a
maximum of over 1000 palm trees, depending on the size of the farm.
The total number of farms surveyed were 7707 and 9476 farms in season
1997/98 & 1998/99, respectively. The Survey covered about 1,325,574
date palms trees. Over 60 different known date palm Cultivars are grown
in the farms.

MATERIALS AND METHODS
(1): Degree of New and Old Infestation:

At the beginning of the Database Survey covering 1,325,574 date
palms, 2296 date palms were found to be infested by the red pal weevil
reaching 0.15% level. The infestation was evaluated on the basis of new
or old infestation if it was one or more than one year old, respectively. In
both cases, the level of infestation was classified as low, medium or
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severe according to the symptom development and the degree of
infestation.

(2): Response of Date Palm Cultivars to Infestation:

From a survey of 71975 known Cultivars, 1670 were found infested at
2.32% percentage infestation. Infested date palms were grouped
according to their known Cultivars.

(3): Effect of Age Group on Infestation:

From a survey of 29224 date palms, 629 were found infested,
reaching 2.15% percentage infestation. Infested date palms were grouped
according to the age group of 1-5, 6-10, 11-15, 16-20 and over 20 years
of age.

(4): Place of Infestation on Date Palm Stem:

From a survey of 1,325,574 date palms in the farms, 2092 were
reported infested (0.16%). Infested date palms were grouped according to
the place of infestation at the height of 0-25, 26-50, 51-100, 101-200, cm.
201-300 and over 300 cm on the stem.

(5): Re-infestation and Mortality after Insecticide Injection

(Treatment control).

During the survey of 1,325,574 date palms, 2054 were found
infested (0.15%). Infested date palms were injected (treated) with a
mixture of concentrated insecticides to control infestation.

Insecticides used were Carbosulfan 25% EC (Marshal), Phenthoate
11% + Dimethoate 41% EC (Rogodial), Dimethoate 18%+Endosulfan
40% EC (Rolfan) and Aluminum phosphide 56-57% (Phostoxin tablets).

Adults, pupae and larvae present in the infested stem tissues were
removed. Holes were made, by chesel 10 cm, above the. infested area.
The number of holes made depends on the severity of infestation. The
angle and depth of the holes are decided according to the size of the stem
and the location of infestation. Concentrated insecticide was injected in to
the holes at the dose of 5, 10, 15 or 20 ml per date palm tree depending on
the diameter of the stem and the degree of infestation.
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The holes were closed by mud to prevent evaporation of the
insecticide injected and to trap any emerging adults or larvae from the
treated stem. Soil was heaped around the stem up to the height of 10 cm
or more, to induce new roots development so as to make the tree stronger
to resist falling if the infestation is very severe.

Plastic sheets to trap and kill any emerging adults or larvae from
the treated area then covered the treated stem. After 3-4 weeks the plastic
sheets were removed and the number of re-infested and dead date palms
were calculated.

RESULTS

(1): Degree of New and Old Infestations:

Analysis of the 0.15% infestation recorded, showed that there was
no difference between the new and old infestation as percentages were
51.52% and 48.48%, respectively. The level of medium infestation
(73.39%) was higher than the low (17.03%) and the severe (9.58%)
infestation.

(Table 1 & 1-A Annex).

2): Response of Date Palm Cultivars to Infestation:

Cultivar Khasab, Khineze, Lolo, Gabri and Helali were more
susceptible to infestation as compared to Fard, Khalas, Rezez, Buman,
Negal, Bagl and Barhi although difference was not significant It is worth
mentioning that Fuhoul was also infested.

(Table 2, & Fig.1).

(3): Effect of Age Group on Infestation:

Percentage infestation was 12.78% at the age up to 5 years and
increased to a maximum of 64.78% at the age of 6-10 years. Then the
infestation decreased gradually with age to 17.12, 3.28, and 1.28% at the
age of 11-15, 16-20 and over 20 years, respectively. Statistical analysis
showed that date palms in the age group of 6-10 years were significantly
more susceptible to infestation as compared to with any other age group
(Table 3 & Fig.2).
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(4): Place of Infestation on Date Palm Stem:

Infestation at the height of 0-25, 26-50 and 51-100 cm. were 40.9,
36.8 and 20.4%, respectively. Total percentage of infestation at the

height of 0-100 cm was 98.01% which was significantly more as
compared to infestation at any other height.

Infestation recorded at the upper heights of 1-2, 2-3, or more, were 1.7,
0.2, and 0.0%, respectively

(Table 4 -A & 4-B: Fig.3,: Table 4-C Annex.).

(5): Re-infestation and Mortality after Insecticide Injection:

The numbers of re-infested and dead palm trees after insecticide
injection, were 36 and 29, with the percentage of re-infestation and
mortality of 1.75% and 1.41%, respectively. Results showed that
insecticide infection successfully controlled infestation up to 98.25%
level

(Table5 & Fig. 4).
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Table No. (1): Degree of Old and New Infestation of Date Palms.
Department of Agriculture & Livestock, Al Ain.

| TOTAL No. NUMBER OF INFESTED DATE PALMS \

of

DATE OLD INFESTATION NEW INFESTATION
PALMS

INSPECTED

d

SNOIDH

Low | Medium Low Medium Severe
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330,989

307,776
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1,325,574
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Fo detailed data refer to Table 1.A (appendix)
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Table No. (2): Susceptibility of Different Date Palm Cultivars To Red
Palm Weevil Infestation.
Department of Agriculture & Livestock, Al Ain.

REGIONS

%
INFESTATION
SOUTHERN

CULTIVARS

WESTERN NORTHERN

Fard

Khalas

Khesab

khenaze

Buman

Negal

Lolo

Gesh

Gabre

Helale

Mesle

Rezez

Barhe

Bagl

Fuhoul

LSD

Total number of Date Palms (TP)* =71975
Total number of Infested Date Palms (INF)* =1670.
Percentage of Infestation =2.3%.

Fig .( 1) Susceptibility of Different Date Palm Cultivars To
Red Palm Weevil Infestation.
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Table No. (3): Evaluation of Infestation According to Date
Palm Age Groups.
Department of Agriculture & Livestock, Al Ain.

NUMBER OF INFESTED DATE
PALMS

TOTAL
INFEST

REGIONS AGE ( YEARS) ED
DATE.

6-10 | 11-15 | 16-20 PALMS

WESTERN

Qattara

NORTHERN

SOUTHERN | Wagon

TOTAL No. OF DATE
PALMS

% INFESTATION
(Average Mean)

LSD At 5% Level

INF*=No. Of infested Date Palms.: % INF=Percent infested Date Palms.
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Fig. (2). Evaluation of Infestation According to Date Palm Age

B AGE 1-5 YEARS
O AGE 16-20 YEARS

B AGE 6-10 YEARS
B AGE> 20 YEARS

B AGE 11-15 YEARS

80
70
60
50
40
30
20
101

0-

INFESTATION %

REGIONS

Groups.
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Table No. (4) : Place of Infestation on Date Palm Stem.
Department of Agriculture &
Livestock, Al Ain.

STEM
HEIGHT

(cm.)

0-25

TOTAL NUMBER OF INFESTED DATE PALMS

REGIONS

WESTERN

NORTHERN

SOUTHERN

TOTAL
INFESTED
DATE PALMS

26-50

51-100

101-200

201-300

Over 300

Total No. of
Infested Date
Palms

Total No. of Date
Palms inspected

355,861

330,948

330989

307,776

* Detailed data are shown in table 4 — A (appendix)
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Table No. (4-B): Place of Infestation on Date Palm Stem.
Department of Agriculture & Livestock, Al Ain.

PERCENTAGE OF INFESTATION
STEM TOTAL

HEIGHT REGIONS PERCENT
(cm.)

INFESTATION

WESTERN AL AIN NORTHERN | SOUTHERN

0-25
26-50
51-100
101-200
201-300

Over 300

LSD.
5%
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Infestation %

Fig.(3). Place of Infestation on Date Palm Stem .

B STEM HEIGHT 0-25 cm B STEM HEIGHT26-50 cm
B STEM HEIGHT51-100cm OSTEM HEIGHT101-200cm
B STEM HEIGHT201-300cm B STEM HEIGHT Over 300 cm

REGION
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Table No. (5) : Reinfestation and Mortality of Date Palms After
Insecticide Injection (Treatment ). Department of Agriculture,
& Livestock, Al Ain.

TREATMENTS

TOTAL NO OF
DATE PALMS

REGIONS

WESTERN

355,861

330,948

NORTHERN

330,989

SOUTHERN

307,776

1,325,574

TOTAL NO. OF
INJECTED DATE
PALMS

1020

231

481

322

2054

TOTAL NO. OF
REINFESTED
DATE PALMS

TOTAL NO. OF
DEAD DATE
PALMS

PERCENTAGE
REINFESTATION

PERCENTAGE
MORTALITY

PERCENTAGE
INFESTATION
CONTROL
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TREATMENTS

Fig.(4). Reinfestation and Mortality of Date Palms After

1200-
1000-
800+
600+
400+
200+

Insecticide Injection (Treatment).

I Total No. of Injected Date Palms
H Number of Reinested Date Palms
B Number of Dead Date Palms
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DISCUSSION

Degree of New and Old Infestation:

At the beginning of the database survey red weevil infestation was
only 0.15% as an average in all the farms in the Department of
Agriculture & Livestock, Al Ain. Data analysis showed that there was no
significant difference between the new and the old infestations. The old
infestation, more than one year old, was reported mainly in the Western
and Southern regions in old farms where date palms are crowded without
proper spacing. Low temperatures and high humidity prevailing in the
crowded plantations are favorable conditions for adults mating, eggs
laying and hatching of larvae, which cause the infestation.

On the other hand, the level of medium infestation was
significantly more than the low and severe infestations. This was clearly
observed in the Southern region for the same reasons mentioned above.
This makes it difficult to discover the infestation early for its control.

Response of Date Palm Cultivars to Infestation:

Evaluation of susceptibility of different Cultivars to infestation,
showed that there was no significant difference between the Cultivars
grown. However, Cultivars Fard, Khalas, Reziz, Buman, Bagl and Barhi
showed some tolerance to infestation as compared to Khalas, Khineze,
Lolo, Gabri and Helali. So the farmers tended to grow good quality and
high yielding Cultivars.

The establishment of the “Emirate Date Processing Factory” in
Al Ain area, with the capacity of 20,000 tons annually, encouraged the
farmers to grow the Cultivars that fetch high prices.

Effect of Age Group on Infestation:

Age of the date palms is an important factor affecting their
susceptibility to red palm weevil infestation. Statistical analysis

showed that infestation on 6-10 year old date palms (64.78%) was
significantly more than infestation recorded in any other age groups. As
date palms become older, they tend to become less susceptible to
infestation, which was 3.28% and 1.28 % at the age of 16-20 years or
more, respectively. On the other hand, date palms up to the age of 5
years, showed less infestation, which may be because most of them have
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no proper stem as a base for the infestation. On the other hand, date palms
6-10 years old have well developed soft stems, which are easy to
penetrate by the weevils. Old date palms 16 years and more, have very
hard stems, which are not attractive for the adult weevils and are not very
ease to penetrate causing infestation.

So, farmers should be advised to pay more attention and remove
old dry branches of young palms at age of 6-10 years and look carefully
for early infestation for immediate control.

Place of Infestation on Date Palm Stem:

Database Survey showed that place of infestation on the stem of the
date palm, proved to be an important factor in relation to its susceptibility
to infestation. Data analysis revealed that total infestation percentage at
the height of 0-100 cm. was 98.01% which was significantly more than
infestation occurring at any other height. Infestation at 2, 3, or more
meters, was very low, i.e. 1.7%, 0.2%, and 0.0%, respectively.

Maximum infestation at the height of up to one meter may be due
to the fact that at this height, low temperatures and high humidity are
most indecisive for infestation. These conditions are favorable for insect
mating, eggs laying and larval hatching, Larvae are known to be the most
dangerous stage in the life cycle of the weevil as they are mainly
responsible for causing the infestation. Hard and sharp mouthparts of the
larvae make it easy for them to penetrate deep into the heart of the stem
through any holes causing a lot of damage to the internal tissues of the
stem.

Moreover, the weevils are known to fly very low, mostly not more
than one meter high, thus causing damage up this height on the date palm
stem.

Re-infestation and Mortality after Insecticide Injection:

Different insecticide injections were evaluated in the laboratory for
the control of larvae bred in date palm trunk. Those insecticides that gave
good control were evaluated in the field by injecting naturally infested
date palms in different farms. Insecticide injection of Carbosulfan 25%
EC (Marshal), Phenthoate 41% + Dimethoate 11% EC (Rogodial),
Dimothoate 40%+ Endosulfan 18% EC (Rolfan) and Phostoxine Tablets,
has significantly reduced the infestation in the field up to 98.25%.
Percentage re-infestation and mortality were only 1.75 and 1.41%,
respectively.
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Crop Protection Extension officers do insecticide injection in the
farms and also demonstrate to the farmers how to do injection without
damaging the palm trees.

No insecticide injection is carried out when date fruits are
approaching maturity. But if we want to save any palm tree from dying,
we remove all the date fruits before injection of insecticides.

It is worth mentioning that laboratory analysis of fruits collected at
different intervals after injection, from infested date palms injected with
the same insecticides, gave no insecticide residues.

CONCLUTION

< Different Cultivars grown showed variable degrees of susceptibility
to infestation, though not significant. So farmers may grow good
quality and high yielding Cultivars.

< Significantly severe infestation (98.01%) was recorded at the height
of 0-100 cm. up the stem. So farmers are advised to clear all dead
branches at this height and look carefully for the infestation for early
treatment.

< Date palms at the age of 6-10 years were severely infested at
64.78% infestation level, which was significantly more than
infestation occurring at any other age. It is recommended that
farmers should pay more attention to palm trees at this age,
especially removal of old dry branches, and to look carefully for any
infestation for early treatment.

< Insecticide injection significantly controlled infestation in all the
farms by up to 98.25% level. So it is adopted in the Agriculture
Department & Livestock as a major part in the Integrated Pest
Management (IPM) program.

IPM PROGRAM

< Sex Aggregation Pheromones Traps, are put in all the farms for the
catch of adult weevils before they mate and lay eggs. A total of
149,893 adult weevils were trapped from July 1999 to June 2000
using 225,728 pheromone sachets in 18,644 traps in 7,012 farms
with a total of 1,597,266 date palms. Evaluation of infestation
during this period, showed that pheromone traps used, gave a
significant reduction in infestation during the season. So pheromone
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traps are extensively used in the farms in our efforts to reduce the
use of insecticide for the control of Red Palm Weevils.

During the period November up to April low temperatures and high
humidity are favorable conditions for adults mating and eggs laying.
So during the period two insecticide spraying are applied in all the
farms for the control of adults before mating and laying eggs. The
interval between the first and second spray is about 3 months.

In case of any infestation occurring after the use of pheromone traps
and insecticide spraying, then insecticide injection is practiced for
the immediate control of infestation.

Adoption of this IPM program annually in all the farms in the
Department Agriculture & Livestock, resulted in the reduction of
infestation to about 0.40% only.
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Table No. (1-A): Degrees of Old and New Infestation after
Treatment (Insecticide Injection).

Department of Agriculture & Livestock, Al Ain.,

CENTERS

Old infestation New infestation

M* M*

Khazna w
Abu Samra
Ramah
Saad W
Saad E
Saad S
Sewaihan

Total

S.B.Amar

Al —Yahar
Salamat W
Salamat E

Al-Ain

Al Qattara
Um Gafa

ol E=J (=)
=k

Total

Masakin
Gomoth
El-Hayer
Moheir
El-Fagah
Al-Shewaib
Nahel

OO e} () [} fe)

— N
O | —

(=] | (O} [V} fau ) [o |l Ko ) fanl NoREN Fo )] | (O] kel
e A K =1 N RV 0 =) (o B LV, 1 | (O} e}

S|\O |0

Total

Alzahra S
Alzahra N
AlArad
Wagon W
Wagon E
AlOya

Total

Grand
Total

L.* = Light infestation.- M.*=Medium infestation.- S.* =
Severe infestation
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Table No. (4-A) : Place of Infestation on Date Palm Stem.
Department of Agricultuure, & Livestock, Al Ain.

o < S TOTAL
NUMBER OF INFESTED DATE PALM INFESTED

CENTERS STEM HEIGHT (cm.) DATE

51-100 | 101-200 | 201-300 | Over 300 PALMS

Khazna w 1 0 0 44
Abu Samra 59 140
Ramah 6 14
Saad W 2 75

Saad E 1

Saad S 19
Sewaihan 39

Total

% Infestation
S.B.Amar

Al —Yahar
Salamat E
Al-Ain

Al Qattara
Um Gafa

Total

% Infestation
Masakin
Gomoth
El-Hayer
Moheir
El-Fagah
Al-Shewaib
Nabhel

Total

% Infestation
Alzahra S
Alzahra N
AlArad
Wagon W
Wagon E
AlOya

Total

% Infestation
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el panll Jiil) s pus Al & il g gyl
Sl — Al a5 5 il g Al 30 5 il — sasiall Ay yadl ey dasla
Sae dials — L€andd) 59 il g de) 550 550 s — i ol dnala

Name of farm owner 1 ds el cala aul Season -------------—-- 3 s gall MONTH: --------------—-- )
Farm Area (No. of palms) s (S ae) de ) al) dabua Location (address) rde Jall O gis

{ O A oy AdLA) Lilial) Al grseda 631 Apalial) Uil Bacld )
Database for Infestation of Various Date palm Cultivars by Red Palm Weevil.

Al dae . . (D) . Jiadl sae . . (1) :
KR Total il (i) dbadll Jiadll jlacl g 22e ladll (Ain) lad) JA1) jleeis aae
No. No. of Cultivar No. Age of Infested Palms (years) No. of No. Age of Infested Palms (years)
Palms B C D E Infested A B C D E
1-5 6-10 11-15 16-20 >20 Palms 1-5 6-10 11-15 16-20 > 20
1
2
3
4
5
6
7
8
9
10
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ALY ke (2) (O s ) daill el Jleei: (1)

CAau e ST A Ala) K LA 15-11=(C) 4w 10— 6 = (B) Lw5-]=(A
* .20 = (E) 20-16 =(D
: (3)
= [ ]
5-1
() = PH = RF : = R = M- (4
(1) Age group (years.) : A=1-5, B =6-10, Cc=11-15, D =16-20, E=>20
Years
(2) Infestation : Old = More than one year , New = Less than one year old

(3) Severity of Infestation: -*Low = Dryness of the outer leaves, slight or no odor.
*Medium = Oozing of brown fluid from the holes in the stem, medium to large larvae
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are present after removing leatbase cover, damage stem tissues, no cocoon — if
present, they will be only 1-5 cocoons .
*High Presence of chewed fibers mainly in stem, with bad smell, many cocoons
are noticeable, yellowing of the third leaf — row, sometimes yellowing of internal
leaves and the flag leaf, trunk lodging, and death of palm.
(4) Insecticide used: - M = Marshal, R = Rogodial , RF = Rolfan, PH = Phostoxin, O = Other
Insecticides
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PESTICIDE RESIDUE ANALYSIS OF DATE PALM FRUITS BY
GAS CHROMATOGRAPHY MASS SPECTROPHOTOMETRY

AJ. Khan, K.M. Azam, and S.A. Razvi'
Department of Crop Sciences, College of Agriculture,
Sultan Qaboos University,

P.O. Box-34, Al-Khod 123, Sultanate of Oman

ABSTRACT

Pesticides are being used indiscriminately to control insect pests of
date palm (Phoenix dactylifera) such as red palm weevil, dubas bug, and
mealy bug. The commercial formulation of several pesticides usually
applied on date palm as root treatment, or injection into trunk, or as spray on
foliage during flowering and fruiting stages to control insect pests. Green
fruits of date palm were used for the extraction of pesticides using different
solvent extraction procedures. Pesticides extracted from fruits were analyzed
on Hewlett Packard gas chromatograph-mass spectrophotometer. Pesticides
were identified by using retention time of their reference standard and
reconfirmed by HPPEST computer mass spectral library coupled with gas
chromatograph-mass spectrophotometer. The residues of dimethoate (0.44
mg/kg fruits) were found 15 days after injection reaching to maximum 1.98
mg/kg after 45 days followed by sharp decline. The trend of accumulation of
dimethoate in Aflix insecticide was found similar to that applied alone.

INTRODUCTION

Date palm (Phoenix dactylifera) is an important agricultural crop in
Arabian Peninsula and many other countries. The red palm weevil,
Rhynchophorus ferrugineus Oliver, is considered one of the most
economically important pests in many date producing countries. In the
Sultanate of Oman, destruction caused by red palm weevil insects in
Mahdah, Bureimi and Musandam regions is significant. Chemical control of
red palm weevil is still practiced as one of the preferred method throughout
the Gulf region and other parts of the world.

Commercial formulations of systemic and non-systemic pesticides are
being used indiscriminately to control insect pests worldwide. Many of these

! Agriculture Research Center, Ministry of Agriculture & Fisheries Wealth, Rumais
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pesticides tend to have residual effect and may pose serious threat to the
health of the consumers. The present investigation was undertaken to
analyze the pesticide residues in date fruits collected from plants treated with
insecticides to control red palm weevil.

MATERIALS AND METHODS

Commercial formulation of different insecticides after dilution with
water in 1:1 ratio was used on selected date palm trees in Bureimi region for
the control of red palm weevil. Three holes 12 — 15 cm deep were made
making a triangle on the trunk of the each tree using a micro drill machine.
10 ml of insecticide was injected in each hole. The first injection was made
on date trees when fruits were small and green. For each insecticide at least
three plants were used for injection. Fruits (200 g) from trees treated with
insecticides were collected at an interval of 15 days up to 120 days. The
insecticides selected for residual analysis were Dimethoate 40EC, Aflix
38.5EC (mixture of dimethoate and endosulfan), Nogos 50EC (dichlorvos)
and Marshall 25EC (carbosulfan).

Extraction Procedures: Fifty grams of fruit were sampled and used for the
extraction of each insecticide. Different solvents were used to extract the
insecticides to maximize the recovery. For dimethoate samples were
macerated with 2 x 100 ml of acetone, aflix in petroleum ether: acetone
mixture (1:1), nogos in methylene chloride and marshal with hexane: 2-
propanol mixture (2:1) in commercial blender. Extracts were pooled,
filtered, and concentrated at 35 ° C. 100 ml of saturated NaCl was added to
each extract. Liquid — liquid partitioning was performed twice with 100 ml
of chloroform for dimethoate, and aflix, ethyl acetate for nogos and hexane
for marshal. Extracts were pooled separately, dried over anhydrous sodium
sulfate and reduced under vacuum at 40 ° C. Extracts containing insecticides
were passed over 2 x 15 cm glass column packed with Florisil and overlaid
with 1 cm activated charcoal for clean up. Eluted extract was concentrated
under vacuum at 35 ° C and re-dissolved in 5 ml of hexane for GCMS
analysis. The method of extraction for different insecticides was followed
with slight modifications as described by Misra et al. (1992) for Dimethoate,
Duhra and Hameed (1990) for Aflix, Anonymous (1986) for Nogos, and
Martin (1985) for Marshal.

Extracted insecticides were analyzed and quantified using Hewlett-
Packard Gas Chromatograph (HP5890) equipped with automated sampler
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and HP5989B mass detector. The operating conditions of gas chromatograph
were: 30 m x 0.320 mm capillary column; temperatures, oven 50 — 280 °C
with a rate of 6 ° C per minute, injector 250°, detector 275°. Helium was used
as carrier gas with a rate of 30cm/sec linear velocity. Mass detector was auto
tuned for electron impact ionization mode using PFTBA. Temperatures of
ions source and quadruple were set at 200 and 100 °C, respectively.
Individual insecticides were identified by comparing retention time with
their reference standard, and reconfirmed by mass spectral library of
pesticides (HPPest library). Using the capabilities of the HP system, the
quantitation of insecticide residues was automatically performed by peak
area integration using dichlorobiphenyl as internal standard.

RESULTS AND DISCUSSION

Various methods of extraction and cleanup are available in literature
for organophosphate and organochlorine insecticides (Braun and Stanek,
1982). Because of the different chemical structure of the insecticides used in
present study, the use of different procedure for extraction was adopted. The
individual insecticides were quantified by peak area integration against
dichlorobiphenyl as internal standard and recalculated to yield mg/kg fresh
weight of date fruits. Results on the quantification of residues and the
persistence of the active ingredients of different insecticides injected in trunk
in March 1999 and repeated in 2000 are summarized in Table 1. Treatments
with dimethoate provided maximum residues in date fruits either applied
alone or with other formulation (Aflix). The accumulation of dimethoate
(0.44 mg/kg fresh wt) was evident in first sample, which was collected 15
days after injection and continued until 60 days (0.14 mg/kg fresh wt).
However, the maximum dimethoate residue was recorded after 45 days of
injection (1.98 mg/kg) followed by a sharp decline in sample collected
afterwards and disappeared in 75 day sample and later. Al-Samarraie et al.
(1988) have reported residue level of date fruits sprayed with fenitrothion,
chlorpyrifos, and primiphos-methyl as 3.9, 1.9 and 1.5 mg/kg, respectively.
Other insecticides, such as nogos (dichlorvos), endosulfan (in aflix) and
carbosulfan (marshal) were not detected in any samples. There are no reports
seems to be available on use of insecticides by trunk injection of date palm,
the present findings on residue accumulation in date fruits after injection into
trunk appears to be the first.
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Table 1: Persistence of residues of some insecticides on date fruits.

Persistence of insecticide residues at different days after injection

Insecticide (mg/kg fresh weight of fruits)
15 30 45 60 75 90 105 120
Dimethoate 40EC | 0.44 | 0.638 |1.98 0.14 0 0 0 0
Nogos 50EC 0 0 0 0 0 0 0 0
Dimethoate (Aflix) | 0.68 |0.75 1.09 0.24 0 0 0 0
Endosufan (Aflix) |0 0 0 0 0 0 0 0
Marshal 25EC 0 0 0 0 0 0 0 0

Data are average of three replicates.
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CONTROL OF RED PALM WEEVIL, RHYNCHOPHORUS
FERRUGINEUS OLIVER USING PROPHYLACTIC SPRAYING OF
DATE PALMS AND TRUNK INJECTION

K. M. Azam, and S. A. Razvi

Department of Crop Sciences, College of Agriculture, Sultan Qaboos
University,

P.O. Box 34, Al-Khod 123, Sultanate of Oman

ABSTRACT

Efficacy of five insecticides, viz., Trichlorphon 80 SP, Aflix
(endosulfan + dimethoate) 38.5 EC, dimethoate 40 EC, Marshal
(Carbosulfan) 25 EC and Nogos (dichlorvos) 50 EC and was evaluated by
spraying the date palms at 0.1% concentration as prophylactic sprays for the
control of red palm weevil. All the palms sprayed with dimethoate and
Nogos were free of infestation for a four months period post-treatment. The
infestation was low (4%) in Aflix and Marshal, as compared to control with
12%.

Efficacy of 12 insecticides injected either alone or mixed with water
in infested palms revealed that palms injected with (Aflix, or ISH, or
Annona or Anthio, diluted in water at ratio of 1:1) (dimethoate dime water
at ratio of 1:2 and (IKC water at ratio of 1:3.5 v/v) completely recovered.
The treatments with Sunny Neem oil and Fenitrothion had poor efficacy of
42-57%.

INTRODUCTION

Control practices using chemicals is one of the quick solves of pest
problem. Although pesticides have ahazardous effect on environment and
side effects on the consumers of crops its application in some caals is a must.
Out break of pest population, scar city of biological agents, the quick
deterioration of trees and the economical factors give a power view to apply
pesticides in very limited extremes. The objective of the present work is to
add some new contributions to our available knowledge on the control of the
RPW using.
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MATERIALS AND METHODS
1. Prophylactic Spraying of Date palms

Field experiments were conducted to evaluate the efficacy of five
insecticides viz., Trichlorphon 80 SP, Aflix (endosulfan + dimethoate) 38.5
EC, dimethoate 40 EC, Marshal (carbosulfan) 25 EC and Nogos (dichlorvos)
50 EC at 0.1% concentration, sprayed as prophylactic measure against
RPW (Table 1).

Healthy and young date palms of age 6-10 years were selected in
highly infested farms in Saara. From the selected palm trees, old leaves and
offshoots coming out from the trunk were cut, creating wound on the trunk
and which was thoroughly treated using high volume air compressor sprayer
with the respective insecticide. There were six treatments including one
untreated control. Each treatment was replicated five times. The experiment
was repeated five times at two weeks interval as set 1 to 5. The treated and
control plants were observed for a period of four months post-treatment.

2. Evaluation of certain insecticide selected for the control of red
palm weevil through trunk injection

Field experiments were conducted to test the efficacy of certain
insecticides tended to be used as for control of RPW. The tested insecticides
were: Nogos 50 EC (dichlorvos), Dimethoate 40 EC, and Aflix (endosulfan
24% + dimethoate 14.5%) 38.5 EC, as such and in dilution with water in the
ratio of 1:1 and 1:2 v/v; Totalene (mixture of trichlorphon 30% + dimethoate
10% + fenitrothion 5%) and Fenitrothion as such; Marshal (carbosulfan) 25
EC and Sunny Neem Oil 1500 EC (Azadirachtin 0.15%) as such and in
dilution with water in the ratio of 1:1 ISH: water while IKC + water (1:3.5
v/v) and Anthio + water it ratio of 1:1 and 1:2 v/v (Table 2).

The seed extracts of Annona squomosa and Neem (Azadirachta
indica) were prepared by steeping 12.5 gm shade dried seed powder of the
plants in 62.5 ml of water ethanol (1:4 v/v) for 24 hours. It was then suction
filtered. The filtrate was diluted with water in the ratio of 1:1 (v/v) just
before injection.

Newly infested palms where brown fluid is oozing out from the trunk
were treated by injecting insecticides alone or mixed with water in the
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desired ratio. The infested portion of the trunk was superficially chiseled to
remove some of the eaten portion and also any larvae and or pupae present
inside. Three holes of 12-15 cm deep and 1.5 cm diameter were then made
slanting down at 45° angle towards the wound with the help of an auger from
three sides of the infested portion. Chiseling out of tissues and hammering
with thick iron rod into the trunk to make hole was very cumbersome, which
was replaced by electrically operated drill machine to make hole into the
trunk to inject insecticide. In each hole 10 ml of the tested insecticide or its
solution in water was injected. The holes were plugged with cotton. The
wounded portions of the trunk was covered with mud to prevent from any
new infestation. The plants were observed for six weeks for any oozing
taking place. Oozing stop was taken as an indication the effectiveness of the
chemical for the control of RPW.

RESULTS AND DISCUSSION
Insecticide spray as prophylactic measure:

Review of literature suggests that it is necessary to protect young
palms from all possible mechanical injury so that the ideal sites for
oviposition are not available to the weevil. However, wounds are created on
the palms by cutting the old leaves and by removing the offshoots coming
out from the trunk. According to Abraham et al (1998) soaking of palms
with insecticides with a special soaking lance is an effective preventive
measure. The insecticide solution that runs of the trunk forms a thin film
and reaches cracks and crevices and cut surfaces, making these sites
unsuitable for egg laying. Apart from preventing pest entry, soaking also
gives an additional curative benefit as percolation of the chemical can also
destroy different insect stages, if present in the cracks, crevices, leaf axils
and cavities of palms. Mathen and Kurian (1966) recommended filling leaf
axils of young coconut palms with 5 percent BHC/chlordane along with
sand. However, in date palm, dusting the whole palm with insecticide has
distinct disadvantages.

In the present study observations recorded after four months of
spraying (Table 1) revealed that all the plants sprayed with dimethoate and
dichlorvos were free from infestation in all the sets. The infestation was low
(4.0%) in Aflix and Marshal. Trichlorphon was least effective recording
8.0% infestation compared with 12.0% in control treatment.
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Trunk Injection

In the present study, all the RPW infested date palms treated with
Aflix, ISH, Annona and Anthio diluted in water at ratio of 1:1; dimethoate
water in the ratio 1:2 and IKC + water (1:3.5 v/v), oozing stopped
completely (Table 2). The other effective treatments were Nogos,
dimethoate, Totalene, Aflix, dimethoate + water (1:1), Nogos + water (1:1)
and (1:2), Neem + water (1:1 v/v) and Aflix + water (1:2) with stoppage of
oozing by 78.95, 90.00, 85.71, 88.89, 85.71, 77.78, 75.00, 71.43 and 80.00%
respectively. Marshal tested alone or diluted with water at ratio of 1:1 gave
60.00% recovery. The recovery was poor in Sunny Neem oil applied alone
or combined with water of ratio of 1:1 and alone in Fenitrothion treatment
being 42.86, 54.54 and 57.14% respectively.

Nirula (1956) recommended the administration of the insecticide
pyrethirins + the synergistic piperonyl butoxide, into the affected part of the
stem using a funnel. Mathen and Kurian (1967) and Abraham and Kurian
(1975) recommended the use of carbaryl and trichlorphon respectively.
Slanting holes, 5 cm in diameter and 15 cm deep, were made around the
affected part using a hollow pointed iron pipe. Then the insecticide solution
was poured into these holes, which Kkills different stages of the pest if
present. The number of holes varied according to the infested area on the
palm. Abraham et al (1998) also suggested fumigating the infested palms
with aluminum phosphate tablets by putting in the tunnels and plugging all
outlets on the palms.
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Table 1. Efficacy of certain insecticides sprayed as prophylactic measure against

red palm weevil.

No. of palms infested by RPW in subsequent dates Total No. | No. of
S. Treatment % after spray of palms | palms Infestation
No. Concen treated infested %
tration | 1l 11 \Y \Y in the
24.1.99 7.2.99 21.2.99 7.3.99 | 21.3.99 | five sets
1 | Trichlorphon 80 0.1 1 1 0 0 0 25 2 8.00
SP (21.2.99) | (16.5.99)
2 | Aflix 38.5EC 0.1 0 1 0 0 0 25 1 4.00
(16.5.99)
3 | Dimethoate 40 0.1 0 0 0 0 0 25 0 0.00
EC
4 Marshal 25 EC 0.1 1 0 0 0 0 25 1 4.00
(21.2.99)
5 | Nogos 50 EC 0.1 0 0 0 0 0 25 0 0.00
6 | Control 1 1 1 0 0 25 3 12.00
(21.2.99) | (2.5.99) (16.5.99)
TOTAL 3 3 1 0 0 150 7 4.67

Under each treatment there are five plants which form the replicate.
Figures in the parentheses are the dates on which infestation was observed.
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Table 2. Efficacy of certain insecticides given as trunk injection for the
control of Red palm weevil

S. Insecticide Dosage per No. of plants No. of plants Recovery
No. plant injected recovered %
1 Nogos 50 EC 10mlx3 19 15 78.95
2 Dimethoate 40 EC 10mlx3 10 9 90.00
3 Totalene 45 EC 10 mlx 3 14 12 85.71
4 Sunny Neem Qil 1500 EC 10mlx3 21 9 42.86
5 Aflix 38.5 EC 10mlx3 18 16 88.89
6 Dimethoate + water 1:1 10mix3 14 12 85.71
viv
7 Sunny Neem Oil + Water 10mlx3 11 6 54.54
1:1viv
8 Nogos + Water 1:1 viv 10mlx3 18 14 77.78
9 Fenitrothion 50 EC 10mlx3 7 4 57.14
10 | Aflix + Water 1:1 v/v 10mlx3 7 7 100.00
11 | Marshal 25 EC 10mlx 3 10 6 60.00
12 | Marshal + Water 1:1 viv 10mlx3 10 6 60.00
13 | Nogos + Water 1:2 viv 10mix3 8 6 75.00
14 | ISH + Water 1:1 v/v 10mlx 3 6 6 100.00
15 | IKC+ Water 1:3.5 viv 10mlx3 6 6 100.00
16 | Annona + Water 1:1 v/v 10mlx3 14 14 100.00
17 | Neem + Water 1:1 viv 10mlx 3 14 10 71.43
18 | Dimethoate + Water 1:2 10mlx3 10 10 100.00
viv
19 | Aflix + Water 1:2v/v 10mlx3 10 8 80.00
20 | Anthio + Water 1:1 viv 10mlx3 10 10 100.00
21 | Anthio + Water 1:2 viv 10mlx 3 10 7 70.00
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ECOLOGICAL OBSERVATIONS ON THE DATE PALM
PARLATORIA SCALE, PARLATORIA BLANCHARDII (TARG -
TOZZ.) (HOMOPTERA DIASPIDIDAE)

IN NORTH SINAI, EGYPT

S.1. El-Sherif*', E.A. Elwan? and M.E.E. Abd El-Razzik?
! Faculty of Agriculture, Cairo University, Egypt.
2 Plant Protection Research Institute, ARC, MOA, EGYPT.

The date palm Parlatoria scale, Palatoria blanchardii is a key pest
on date palms in Egypt. Ecological observations at El-Dahia locality, Al-
Arish region, north Sinai from Mar. 1, 1994 until Feb. 29, 1996 indicated
the following: a) Follow up of the population fluctuations of the pre-adult
and female adult stages under field conditions revealed four successive
annual generations. b) Generation duration ranged 13-22 weeks with
peaks in May, mid-Jul., mid-Sep. and mid-Nov. to early Dec. c) Basal
third of leaflets received the highest infestation (45.6-46.7%) and apical
third received the least infestation (20.3-20.8%). Infestation on the middle
third of leaflet was intermediate (33.0-33.6). d) The pest preferred to
accumulate at the southeastern sides of the palm. e) An unidentified
Hymenopterous parasite (Aphytis sp.) parasitized upon 18.5 - 46.8% of
the numphal and adult populations.
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LOSS IN FRUITS OF DATE PALM VARIETIES CAUSED BY
IMPORTANT INSECTS, MITES AND BIRDS

S.S. Al Thonyan® and R.A.A. Abo Aiana®

! Manager Agric. Adminst.
“Technic. Dept. Agric. Adminst.

Random samples of fruits of certain date palm varieties were
collected during 1998 and 1999 date harvest seasons. The fruits were
morphologically and internally examined to estimate losses due to insects
(scale insects and larger date moth), mites (date dust mite) and birds. The
results showed that losses in date palm fruits were higher in 1998 harvest
season (10.7%) than in 1999 season (5.7%). Attacks of birds resulted in
higher losses compared to those due to infestation by insects and mites.
On the other hand, total losses in date palm fruits were higher in Hilwa,
Wannan and Bremi varieties.

224



PRELIMINARY INVESTIGATIONS INTO THE BIOLOGICAL
CONTROL OF RED PALM WEEVIL USING BEAUVERIA
BASSIANA

M. L. Deadman', K. M. Azam', S. A. Ravzi' & W. Kaakah®
'Department of Crop Sciences, Sultan Qaboos University, and
Department of Crop Production, UAE University

ABSTRACT

A series of experiments were conducted using the biological agent
Beauveria bassiana. The objectives were to determine the optimum bait
mixture for attracting adult insects, the residence time of adult insects within
bait “traps”, the mortality of adult insects following treatment with B.
bassiana mixed with bait and the extent of horizontal transmission of B.
bassiana infection from the treated insects to exposed, healthy insects. The
results showed that male and female insects visit pheromone traps and
showed burrowing behaviour traits into date pulp. When B. bassiana spores
were mixed with the date pulp effective mortalities could be achieved after a
treatment time of just 15 minutes. The results also showed significant
subsequent levels of horizontal infection transfer from treated insects to
healthy insects.

INTRODUCTION

The use of biological control in the management of insect pests has
increased in recent years. This is not only because of concerns about the
extent of pesticide use in developed and less developed countries, but also
because of increased levels of sophistication in the delivery of these agents.
The use of biological control against insect pests might include direct
application of an entomopathogenic fungus, such as Beauveria, or the use of
toxins derived from these fungi (Amiri et al., 2000; Bandani et al., 2000).

The technique of using naturally infected, live insects as a means of
dispersing biocontrol agents is long established. For example, work reported
from Rothamsted Experimental Station, UK, by Butt et al. (1998) showed
the use of honey bees for the effective delivery of the biocontrol agent
Metarhizium anisopliae to the site of plant infestation by pollen beetle.
Indeed, time and again experience has shown that even when an extremely
potent biological control agent is available, it is very often far from effective
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in the field unless there is an efficient and effective delivery system (Ibrahim
etal., 1999).

Recent research has shown that delivery of inoculum is most
effective, and mortality is correspondingly highest, when the infection is
transferred from a dead insect to a live insect, that is, via horizontal transfer
between individuals. Mortality is lower when the inoculum is applied to
soil, or directly to plant parts. Research using the banana weevil has shown
that the most effective means of delivering biological control inoculum to
live insects was through the use of bait material such as maize or rice meal
into which the fungus had been incorporated. In this way there was effective
horizontal transfer of inoculum between adults, as well as transfer of
infection from females to eggs and larvae (Nankinga, 1999).

MATERIALS AND METHODS
Insect visits to bait traps

The current study was devised to develop an effective delivery system
for biocontrol agents. The results obtained were from experiments
conducted under controlled conditions, using insects caughted from within
infested date palm gardens. The bait used for all experiments consisted of
20ml of pulped dates with 25% by volume molasses. The container used
was a plastic bowl with a diameter of 30cm. Its outside walls were covered
with hessian material to assist insect access to the inside. A pheromone lure,
Rhynchopherol, as Ferrolure+ (Chem Tica International SA, Costa Rica)
was suspended 10cm above the container. A video camera was positioned
above the bait such that a view was obtained of the bowl and a the small
surrounding area.

For each experimental run, 20 adult insects (10 male and 10 female,
all marked with numbers for subsequent identification) were released into
the room. The distance from the site of release to the bait was 2m. Video
data was collected for the entire period of each experimental run. Video
data was analysed for information relating to insect residence time within the
traps, frequency of insect revisits to traps and for differences between male
and female insects in their behaviour towards the traps.
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Testing Insect Mortality

The effectiveness of the B. bassiana inoculum against red palm
weevil insects, were obtained by amended date pulp / molasses bait material
with B. bassiana at the rate of 10g spores per 20ml bait. Ten adult insects
(treated individuals) were placed in contact with the amended bait for fixed
period. After removal, and to test the horizontal transfer of infection, the
treated insects were placed in a clean container and 10 marked, healthy
insects (exposed individuals) were added. The duration of the treatment time
and the expsoure time were varied for different experiments (Table 1).

Table 1. Corresponding times of adult red palm weevil treatment with,
and exposure to, Beauveria bassiana conidia

Treatment time (hours) Exposure time (hours)
0.25 0.50
0.50 1.00
1.00 2.00
2.00 4.00
4.00 8.00

After fixed exposure times the two sets of insects were separated and
cultured in insect rearing containers. They were supplied with food (sugar
cane pieces) and liquid (sugar/water mix on cotton). Periodic assessments of
insect mortality were made.

RESULTS
Insect visits to bait traps

The results suggest that the average residence time within the traps
was approximately 22 minutes (Figure 1). However, the mean residence
time for male insects was significantly longer (30.1 minutes) than for female
insects (11.5 minutes). Although the average duration of each visit was 22
minutes, there was a significant variation in the length of each visit.
Although 37.5% of visits lasted longer than 15 minutes, in some cases up to
4 hours, many visits lasted only a few seconds. Indeed, 25% of visits lasted
for less than 1 minute (Figure 2). The longer duration visits usually involved
the insect burrowing into the date pulp and showing little activity for
extended periods. Both shorter and longer duration visits to the bait involved
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matings or near matings. These occurred at a frequency of approximately 1
per hour; individual males often coupling with several females.

Average residence time

Male Female Average

Insect categor

Figure 1. Average residence time for male and female adult red palm
Weevils in date pulp traps

Of the total number of visits to the bait traps, 80% were made by male
insects and 20% by female insects. Revisits by indentified individuals were
often made within short periods of time.

Insect mortality due to infection by B. bassiana

The progression of mortality was linear over time (Table 2). There
was no significant difference with increasing treatment and exposure times.
Indeed 100% mortality was achieved most quickly following a treatment
time of 0.25h; the corresponding exposure time of 0.I5h caused 90%
mortality after 7 days.
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Mean residence time in bait trap (minutes)

Figure 2. Duration of individual visits by adult red palm weevils to
date pulp traps
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Table 2. Adult red palm weevil mortality (%) after various periods of
treatment and exposure to date pulp bait containing Beauveria bassiana

Days after treatment/exposure

Treatment 0.25h
Exposure 0.5h

Treatment 0.5h
Exposure 1.0h

Treatment 1.0h
Exposure 2.0h

Treatment 2.0h
Exposure 4.0h

Treatment 4.0h
Exposure 8.0h

0
0
0

o

o o

o O
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1
10
10

20
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6
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90 100
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90 100
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70
20

50 60

80
60

80
40

70 100
60 70
90 100
70 80
100
100

The corresponding rates for insect mortality, time to 50% mortality
and the correlation coefficients for the linear component of insect mortality
are shown in Table 3.

Table 3. Rate of insect mortality and time to 50% mortality of adult
red palm weevils treated or exposed to date pulp bait containing Beauveria

bassiana

Exposure time/

Rate of insect

Correlation

Treatment time mortality Timeto 50%  coefficient (1)
(hours) (day-1) mortality (days) for linear mortalityQ
Treatment 0.25h 124 4.0 9615
Exposure 0.5h 13.1 3.8 .9899
Treatment 0.5h 10.2 4.9 .9365
Exposure 1.0h 7.2 6.9 .8733
Treatment 1.0h 4.0 12.6 .9315
Exposure 2.0h 3.8 13.3 .9383
Treatment 2.0h 4.6 11.0 .8788
Exposure 4.0h 4.2 12.0 .9886
Treatment 4.0h 5.8 8.7 .9025
Exposure 8.0h 4.1 12.1 .8835
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DISCUSSION

The results showed that during their residence in the trap, each adult
has high probability of receiving sufficient Beauveria to cause death in
approximately 4 days. There was also a significant probability of horizontal
transfer from infected individuals to other insects coming into contact with
treated individual, but away from the bait site.

The observations made using the video data have other important
implications for future research. For successful infection to occur, a lethal
dose needs to be accumulated by the adult insect within a time of
approximately 30 minutes for males and 12 minutes for females. With a
male residence time of 30 minutes this suggests the potential for effective
horizontal transfer of infection to females through mating events or to males
and females through the normal congregation events of adult insects.

The video data showed that adult insects frequently burrowed into
date pulp mixture. This is an important observation if an effective delivery
is to be achieved. Previous studies with Cosmopolites sordidus (Nankinga,
1998) have shown that immersion in a spore suspension of Beauveria is
more successful in causing infection than insects moving over a surface
impregnated with spores. The observation that frequent visits to the bait
traps were made by females, suggests the potential for horizontal transfer of
infection from adult to eggs and thence to larvae.

Spores of B. bassiana can be inactivated by prolonged exposure to
direct sunlight. This is a potentially seriuous handicap to a system of
delivering spores in a bait trap. However, by mixing the inoculum with date
pulp, exposure to sunlight will be limited. This exposure can be further
limited by trap design. Furthermore, the moisture in the mixture should
maintain the temperature of the bait at a level lower than the ambient air
temperature.

Further research is required to examine the effect of short duration
exposure of adults to biocontrol agents mixed with date pulp. It is also
necessary to test other biocontrol agents, as previous results have shown the
differential sensitivity of insects to particular isolates of fungi such as B.
bassiana (Nankinga, 1998).

In conclusion, the preliminary evidence suggests that the trap design
and bait material used in the current study could provide an effective
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delivery system for a biological control agent. Further research is required
to refine trap design and to assess the performance in the field. The potential
is there, the future will show how promising these results truly are.
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ABSTRACT

Cutting off-shoots during Takreeb from date palms in four villages
of Wilayat Buraimi revealed that 88-96% infestation of red palm weevil
occurred where the off-shoots were cut. Experiments were conducted in
October-December 1999 and February-April 2000, by cutting the off-
shoots close to trunk base, treating the cut surface with insecticides and
also by deep cutting to remove the growing point and filling with mud
alone and mud + insecticides. The combined data of both the experiments
showed that the infestation of red palm weevil was 31.39, 11.39, 0.91 and
0 per cent in the above treatments, respectively.

INTRODUCTION

Red palm weevil, Rhynchophorus ferrugineus is a serious pest of
date palm in Northern Oman, particularly in Buraimi, Mahdah and
Musandam area. The same insect was reported to cause damage in other
Gulf countries including Saudi Arabia, UAE, lIragq etc. The damage
caused by this pest results in presence of tunnels on the trunk and base of
leaf petiole; oozing out of thick yellow to brown fluid from the tunnels;
extrusion of fibers from the holes; a typical fermented odor from the fluid
and chewed up frass. Most often the attack by the weevil is discernible
only when the palm has been extensively damaged. In case of severe
infestation the plant succumbs to death. The female of red palm weevil
lays the eggs mostly in cracks, crevices and wounds caused on plant parts
by making a hole on the tissue with its snout.

Very little information are available on the agricultural control
practices of RPW which is a very safe to environment and have a good
control effect.

Appearance of off-shoots from the trunk of date palm is a common
phenomena. Usually such off-shoots are seen more in orchards where the
plants are neglected and are under nutritional stress when compared to an
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orchard where they are well cared. These off-shoots are seen often in
young palms of age 6-10 years or in palms which are older but have
retarded growth and small height of about 1 - 1.5 m. These off-shoots
being unwanted growth are usually removed by cutting at trunk surface.
In doing so wounds are created. Usually the off-shoots are cut while
doing "Takreeb", that is cutting off the dried portion of the leaf base at
trunk surface. Takreeb is a regular agricultural practice done during
October-December. This coincides with the peak adult emergence as
evident by pheromone trap data collected by Department of Agriculture,
Buraimi and Department of Plant Protection, Al-Ain.

MATERIALS AND METHODS

To know the impact of cutting the off-shoots on the infestation of
RPW, survey was conducted in four villages, viz., Saara, Buraimi, Al-
Ugdah and Hammasah of wilayat Buraimi. Twenty five infested palms
were selected from each of these villages showing symptoms of RPW
infestation where the off-shoots were cut.

In an attempt to develop a method to prevent the infestation of
RPW on the cut surface of off-shoots, experiments were conducted during
October-December 1999 and February-April 2000. The off - shoots of 33
palms including 13 palms as control were cut from the base very close to
the trunk creating wounds. Twenty palms were treated by applying
dimethoate to the wounds with a paint brush. In another 90 palms off-
shoots were cut by completely removing the growing point. From these,
the cut portion of 40 palms were covered with mud alone; 30 with mud +
dimethoate; 10 with mud + Anthio and 10 with mud + Applaud. The
palms were observed for a period of 2-3 months post-treatment to know
the effectiveness of various applications in preventing the infestation.

RESULTS AND DISCUSSION

The results of the survey conducted to know the impact of cutting
the off-shoots in four villages Wilayat Buraimi revealed that out of 25
infested palms (Table 1) seen in each of villages Saara, Buraimi, Al-
Ugdah and Hammasah 22 (88.0%), 23 (92.0%), 22 (88.0%) and 24
(96.0%) palms were showing symptoms of RPW infestation where the
off-shoots were cut. Out of a total of 100 infested palms observed during
the survey in the Wilayat Buraimi, 91 palms (91.0%) were found infested
at the sites where off-shoots were cut. The symptoms were mostly wilting
of new tillers, extrusion of tissues and brown oozing. Only in 9 palms out
of 100, the infestation was found on other than the cut surface. The
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symptoms were extrusion of tissues and brown oozing. It is evident that
cutting of off-shoots results in the exposure of soft cut surface and the sap
00zing out attracts RPW adults to feed on and lay eggs.

In an attempt to develop a method to prevent the infestation of
RPW on the cut surface of off-shoots, experiments were conducted on
young plants with off-shoots coming from the trunk. The off-shoots in 33
palms including control were cut from the base very close to the trunk
thus creating wounds and from them 20 were treated with dimethoate
leaving 13 as control without any insecticidal treatment. The results
(Table 2) indicate that cutting the off-shoots at the trunk surface is
leading to new growth of the same off-shoot suggesting that growing
point of the off-shoot is not killed. Further it leads to high infestation of
31.39% in untreated control and 11.39% in dimethoate treated palms.
Abraham et al. (1998) reported that several wounds are caused on the
palm as a result of the periodic removal of leaf petioles and offshoots.
These freshly exposed plant tissues attract weevils for egg laying. Hence
immediate dressing or treatment of such injuries with suitable insecticides
IS important to prevent pest entry.

The experiments had 90 palms with deep cutting treatments by
removing the growing points. Out of which in 40 palms where the cuts
were filled only with mud, the off-shoots re-growth of was reduced to
26.48% as compared to control (cutting at trunk surface) with 70.07%.
The off-shoots re-growth of in treatments (deep cutting + dimethoate +
mud cover); (deep cutting + Anthio + mud cover) and (deep cutting +
Applaud + mud cover) resulted in 5.85, 4.76 and 22.45 per cent
respectively. The infestation level in the deep cutting treatments ranged
from 0.00 to 0.91% compared with control (cutting at trunk surface),
where it was 31.39%.

Similar kinds of recommendations have been made in the past by
treating the cut surfaces with pesticides and filling with sand. Mathen and
Kurian (1966) recommended filling leaf axils of young coconut palms
with 5 percent BHC/chlordane along with sand as a preventive measure
for red palm weevil. Abraham (1971) found that red palm weevil entry
through wounds can be prevented by treating such wounds with BHC or
coal tar + BHC. However, taking into consideration the dry conditions of
the Middle East, tar can be substituted with soil and entry of the pest
through wounds on date palm can be prevented by applying a slurry of
soil and insecticides (1 kg soil + 10 gm carbaryl 85%) with the help of a
brush, immediately after the injury is caused.
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Table 1. Red palm weevil infestation on cut surface of tillers and on other sites.

Palms infested

Palms infested

_Total No. of due to cut- Percent on other sites Percent
Area infested palms . : : :
surface of infestation than cut surface | infestation
observed ) )
tillers of tillers
Saara 25 22 88.00 3 12.00
Buraimi 25 23 92.00 2 8.00
Al-Uqdah 25 22 88.00 3 12.00
Hammasah 25 24 96.00 1 4.00
Total 100 91 91.00 9 9.00
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Table 2. Effect of treating cut surface of trunk, deep cutting of off-shoots and mud cover on infestation of RPW

during 1999-2000.

0, - 0, -
No. of | Total No. of | No. of off- Yo off Infested .A) off s_hoof[s
: . shoots infestation in
palms in | off-shoots in shoots .. | off-shoots .
No. Treatment . coming In relation to
the plants before | coming after after -
. the treated initial No. of
treatment cutting the treatment treatment
palms off-shoots
1 | Control (cutting at trunk 13 86 68 70.07 27 31.39
surface)
2 | Surface cutting + 20 171 158 92.39 18 11.39
dimethoate (No mud cover)
3 | Deep cutting + mud cover 40 219 58 26.48 2 0.91
only
4 | Deep cutting + dimethoate 30 188 11 5.85 0 0
+ mud cover
5 | Deep cutting + Anthio + 10 63 3 4.76 0 0
mud cover
6 | Deep cutting + Applaud + 10 49 11 22.45 0 0

mud cover
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ABSTRACT

Extensive survey studies of Red palm weevil (Rhynchophorus
ferrugineus) were conducted during 1998-2000 in five villages at Wilayat
Buraimi, in Sultanate of Oman. During 1998-99 period a 17031 palms
were surveyed of these trees 652 palms (3.83%) infested by Red palm
weevil. However, the survey was repeated during 2000 recording 1.73%
infested trees. The pest incidence was also recorded in different varieties
grown.

The infestation of Red palm weevil was higher in tree groups of 6 -
10 years recording 9.35% followed by 9.22% in 11-15 years old trees
however, older trees 16-20 years had very low infestation level of 0.11%.

Infestation at different trunk heights of palms showed maximum
infestation of 35.95% at height of 0.6 to 1 m, followed by 22.22% at 1.1
to 1.5 m. however, infestation was detected in trunk height above 3.5 m.

INTRODUCTION

Date palm (Phoenix dactylifera) are the most important fruit tree of
arid, tropical and sub-tropical regions of the world including Oman and
many other Arab countries. In Oman palm trees occupier 82.6% of the
fruit area (Date Quality Improvement in Oman, Extension Document No.
1, 1998). The date palm is attacked by a number of insects, but in the
recent past the red palm weevil, Rhynchophorus ferrugineus Oliver,
(Curculionidae: Coleoptera) is causing a menace in Northern Oman
particularly in Buraimi, Mahdah and Musandam areas. It is also reported
attacking date palm in UAE, Saudi Arabia, Irag and a number of other
countries.
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The adult Red palm weevil (RPW) is reddish-brown, measuring
about 35 mm in length and bears a prominent snout. Female date palm
weevil lays eggs into the wounds created by harvesting and pruning and
off-shoots removal, mostly in young palms of age 6-15 years. Hatching
grubs tunnel through the soft wood into the heart of the trunk where they
complete their life cycle. The damage is due entirely to the larvae, which
feed on the trunk and also the growing point viz., the heart or the cabbage
of the crown of the palm and once they have gained access, death of the
palm generally ensues. Many generations can be passed in the same palm.
The symptoms of infestation show the presence of small holes at the leaf
scars and oozing out of a reddish-brown fluid and extrusion of fibers from
these holes and slightly audible sound of the feeding activity of the grubs
within the stem attacked trees. Unfortunately, the attack is discernible
unless extensive damage is happened. Later, plant succumbs to death.

Scarce information are available on the biology, ecology, extent of
damage, varietal susceptibility and its management of RPW on date
palms. Keeping in view the seriousness of RPW, the object of this work
IS to carry out a thorough survey of date growing areas was in Wilayat
Buraimi to gather certain information about the pest incidence.

MATERIAL AND METHODS

Data recording proforma were developed jointly by scientists of
Sultan Qaboos University, UAE University, Al-Ain, Ministry of
Agriculture and Livestock, Al-Ain and Ministry of Agriculture and
Fisheries, Sultanate of Oman to record research information.

The proforma Included information about the farm, its location,
total number of palms, old infestation, new infestation, level of infestation
as low, medium and high, and date of recording months. The varieties and
infestation due to varieties were also recorded. The surveys were carried
out during the period 1998-99 and 2000.

Proforma Il was developed to record the infestation by red palm
weevil in palms of different age group. Palms were categorized into 5 age
groups as 1-5, 6-10, 11-15, 16-20 and >20 years. Total number of palms
and number of infested palms were recorded under each age group.

Data were In Perform 111 collected on red palm weevil infestation
in relation to trunk height of date palm. The height levels were
categorized into 8 levelsas 0-0.5,0.6-1.0,1.1-15,1.6-2.0, 2.1- 2.5,
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2.6 - 3.0, 3.1 - 3.5 and > 3.5 m height from ground level. The number of
palms infested under each height group were recorded.

RESULTS
Infestation level of Red palm weevil in different villages:

Surveys of Red palm weevil (Rhynchophorus ferrugineus)
infestation in date palms were conducted during 1998-99 and 2000 in five
villages namely, Al-Ghuraifa, Al-Ugdah, Saara, Buraimi and Hammasah
in Wilayat Buraimi, Dhahirah region, Sultanate of Oman, to gather
certain basic information on the infestation of the pest on palm trees. A
total number of 78 farms were surveyed, 8 in Al-Ghuraifa, 15 in Al-
Ugdah, 27 in Saara, 15 in Buraimi and 13 in Hammasah, during 1998-99.
The surveys work was repeated during 2000 ceas on and 84 farms were
surveyed, 7 in Al-Ghuraifa, 22 in Al-Uqgdah, 27 in Al-Saara, 15 in Al-
Buraimi and 13 in Al-Hammasah. During 1998-99 (Table 1) a total
17031 date palms were observed, 3097 palms in Al-Ghuraifa, 3938 in Al-
Uqdah, 5390 in Saara, 2117 in Buraimi and 2489 in Hammasah. Out of
the 17031 palms, 652 palms (3.83%) were found infested by RPW. The
infestation was the highest (5.99%) in Hammasah area while it was the
least (1.09%) in Al-Ugdah. In the other three areas surveyed the
infestation ranged from 4.25 to 4.36%.

Out of 652 infested palms recorded during the survey, 503 palms
were with old infestation and 149 with new infestation. Among the old
infested palms (Table 2) 241 palms had medium level of infestation and
262 palms with high level of infestation and among the palms with new
infestation two palms had low level of infestation, 75 medium and 72
with high level of infestation. This indicates that the infestation in the
early stage undergoes unnoticed and the symptom appears later when the
infestation increases. We recommend a regular inspection to check the
early infection and being control program.

During the repeated survey in 2000 (Table 3), a total of 18980 date
palms were observed; 2762 palms in Al-Ghuraifa, 5718 in Al-Uqdah,
5764 in Al-Saara, 2222 in Al-Buraimi and 2514 in Al-Hammasah. Out of
18980 palms only 329 palms (1.73%) were found infested by Red palm
weevil. There was a reduction in incidence level from 3.83% to 1.73%
from 1998-99 survey to 2000 survey, as an awareness was noticed in the
farmers in maintaining the gardens and taking precautionary measures.
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Infestation of red palm weevil in different varieties:

During 1998-99, the total number of date palms were 17031 of
trees in 78 farms, were curveyed out of these 652 palms (3.83%) were
found infested by RPW. The inspected trees belong to 77 varieties.
Among these the two varieties (Table 4) i.e. Nagal (3582 palms in 70
farms) and Fardh (3185 palms in 69 farms). Were the dominant Varieties
which are grown in good number and in many of the farms are Bagal
(901 palms), Khinezi (944 palms), Khasab (821 palms), Jibri (514 palms)
and Khalas (565 palms). Certain varieties which were grown in relatively
low number but still seen in many farms such as, Boman (398 palms),
Hilali (262 palms), Fahal (231 palms), and Lulo (192 palms). Rest of the
varieties are grown in lower number.

The varieties grown in large number could be arranged in the
following descending order of infestation (Table 4) as Khasab (8.16%),
Fahal (6.06%), Bagal (5.99%), Khinezi (5.3%), and Jibri (4.86%). In
varieties Boman, Hilali, Fardh and Khalas the infestation was moderate
(3.02 to 3.36%), while it was low (2.08 to 2.62%) in Lulo, and Nagal.

The infestation level in the varieties was also recorded during
2000. A total of 84 farms were surveyed with 18980 palms out of which
329 palms were found infested. The infestation level was reduced to
1.73% as compared to 3.83% of 1998-99. In certain varieties like Bagal,
Boman, Fahal, Fardh, Jibri, Khalas, Khasab, Khinezi and Nagal, the level
of infestation was reduced to 0.89, 2.19, 1.03, 2.13, 1.65, 2.37, 1.71, 1.94
and 2.62% respectively, compared to infestation in 1998-99.

Infestation of red palm weevil in different age groups of palm:

The infestation of RPW (Table 5) was high being 9.35% in palms
belonging to the age group of 6-10 years followed by 9.22% in palms
belonging to the age group of 11-15 years (9.22%). It was 6.61% in the
age group of 1-5 years. The infestation was very low (0.11%) in palms
belonging to the age group of 16-20 years and was least (0.02%) in palms
belonging to the age group of above 20 years (Table 6). This indicates
that young date palms of age between 6-15 years are prone to attack by
RPW and needs protection.
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Infestation of red palm weevil at different trunk heights of palms:

Studies were made on the relationship of RPW infestation with the
trunk height of the palm. It is evident from Table 6 that maximum
infestation of 35.95% of RPW was found in palm with trunk height of 0.6
to 1.0 m, followed by 22.22% in trunk height of 1.1 to 1.5 m, 15.69% in
trunk height of 1.6 to 2.0 m, while it was 12.42% in palms with trunk
height of 0.0 to 0.5 m. The infestation decreased with the increase in
trunk height and became nil in palm with trunk height above 3.5 m.

REFERENCE
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Table 1: Red palm weevil infestation in certain areas in Wilayat Buraimi
during 1998 - 99.

Name of the Total No. Total No. No_. of palms | Total No. Infestation
No. Area of farms of palms infested c_)f palms %
surveyed Old New | infested
1 | Al-Ghuraifa 8 3097 133 2 135 4.36
2 | Al-Uqdah 15 3938 27 16 43 1.09
3 | Saara 27 5390 187 48 235 4.36
4 | Buraimi 15 2117 50 40 90 4.25
5 | Hammasah 13 2489 106 43 149 5.99
TOTAL 78 17031 503 149 652 3.83
Table 2: Infestation levels of Red palm weevil on date palm in certain
areas of Wilayat in Buraimi
No. of infested palms based on the severity of infestation
Area Old Infestation New Infestation
L M H L M H
Al-Guraifa 0 133 0 0 2 0
Al-Ugdah 0 23 4 0 9 7
Saara 0 31 156 0 26 22
Buraimi 0 2 48 0 18 22
Hammasah 0 52 54 2 20 21
TOTAL 0 241 262 2 75 72

L = Low; M = Medium, H =High

Table 3: Trend of RPW Infestation in 5 villages in Wilayat in Buraimi

during 2000
Sr. Name of Area No. of farms Total No. of irl::‘z;stoefd Infestation
No. surveyed palms %
palms
1 | Al-Guraifa 7 2762 42 1.52
2 | Al-Uqgdah 22 5718 97 1.70
3 | Al-Saara 27 5764 74 1.28
4 | Buraimi 15 2222 44 1.98
5 | Hammasah 13 2514 72 2.86
TOTAL 84 18980 329 1.73

244




Table 4. Red palm weevil infestation in certain date varieties observed
during survey in 1998-99 and 2000

1998-99 2000
Variety Total Infestation Total palms | Infestation %
Palms %
Bagal 901 5.99 224 0.89
Boman 398 3.02 228 2.19
Fahal 231 6.06 97 1.03
Fardh 3185 3.20 847 2.13
Hilali 262 3.05 157 5.10
Jibri 514 4.86 363 1.65
Khalas 565 3.36 422 2.37
Khasab 821 8.16 350 1.71
Khinezi 944 5.30 515 1.94
Lulo 192 2.08 110 2.73
Nagal 3582 2.62 610 1.48

Table 5: Red palm weevil infestation in relation to the age of date palm

Sr. Age Group Total No. of No. of Infestation
No. (Yrs) Palms Infested Palms %
1 1-5 1105 73 6.61
2 6-10 2290 214 9.35
3 11-15 1052 97 9.22
4 16-20 1837 2 0.11
5 >20 5006 1 0.02
Unknown 5741 265 4.62

Table 6: Infestation of Red palm weevil in relation to trunk height of date

palm
Sr. Trunk Height No. of infested palms | Percent infested in the
No. (m) in the height group height group
1 0-05 19 12.42
2 06-1.0 55 35.95
3 11-15 34 22.22
4 16-20 24 15.69
5 2.1-25 11 7.19
6 2.6-3.0 7 4.57
7 3.1-35 3 1.96
8 >3.5 0 0.00
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Efficacy of Lufenuron (CGA-184699) and Diofenolan (CGA-59205)
on survival, growth and development of the red palm weeuvil,
Rhynchophorus ferrugineus (Coleoptera: Curculionidae)

Ghoneim, K.S."Bream, A.S.”; Tanani, M.A.” and Nassar, M.I.~
“Faculty of Science, Al-Azhar University, ~ Faculty of Science,

Cairo University, Egypt.

ABSTRACT

Seven doses (500, 100, 50, 10, 1.0, 0.1 and 0.01 pg/insect) of
Lufenuron (CGA-184699) and Diofenolan (CGA-59205) were topically
applied onto the prepupae of Rhynchophorus ferrugineus. Survival of the
prepupae had not been affected except at the higher two doses of
Lufenuron or only at the highest dose of Diofenolan. Increasing water loss
may explain the increasing mortality % in pupae. Depleting effect of both
IGRs had been exhibited on the prepupal maximal body weights
especially at the higher two dose-levels. Pupal development was hastened
and duration was shortened as the dose-level of each IGR increased.
Reduction of the body weights in pupae were observed by the action of
each IGR, irrespective of the age. The higher two doses of Lufenuron , but
only the highest dose of Diofenolan, remarkably reduced the pupation
percent. Also, the pupation program was impaired variously by different
dose-levels. The adult eclosion was completely blocked by increasing the
dose-level of Lufenuron and by the higher two doses of Diofenolan.
Different dose-levels of Lufenuron affected the adult morphogenesis but
only the lower two doses of Diofenolan deranged it in 12%.

Keywords: Rhynchophorus ferrugineus, Lufenuron, Diofenolan,
mortality, growth, development, morphogenesis, pupation, emergence,
deformation.

INTRODUCTION

Insect growth regulators (IGRs) have received a great deal of
attention as so-called "Third-generation insecticides” (Williams, 1976).
These compounds including insect juvenile hormone mimics and other
compounds controlling the insect development have mode of action
disports from other insecticides and low toxicity against non-target
organisms. The use of IGRs is increasing of controlling various insects of
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agricultural, horticultural, stored product and public health pests
(Retnakarn et al., 1985).

On the other hand. diflubenzuron (with its commercial name:
Dimilin) was the pioneer of benzoylphenyl urea exhibiting a chitin.
synthesis inhibition (Verloop and Ferrell, 1977) in various insect species
(Hajjar and Casida, 1978, 1979, Mitsui et al., 1984; Neumann and Guyer,
1983). In addition to this group, chitin synthesis inhibition have been
caused by several groups, extracts and compounds such as polyoxins,
nikkomycines, avermectin, ... etc. (cf. Cohen, 1987).

Lufenuron (Match or CGA -184699) and Diofenolan (Aware or
CGA-59205) are assorted in a group among chitin biosynthesis inhibitors,
or IGR, in general. The present study extends our previous studies
(Bream et al. 2001) assessing some extracts and IGRs on the red palm
weevil Rhynchophorus ferrugineus which was recorded at 1992 in Egypt
as a destructive pest for the date palms Phoenix dactylifera (Cox, 1993).
This paper deals with the toxicological, developmental and morphogenic
effects of Lufenuron and Diofenolan on this weevil.

MATERIALS AND METHODS
1) The Experimental Insect:

The red palm weevil Rhynchophorus ferrugineus is a serious pest
of coconut causing damage and often killing the palm in its prime of life
The hatched grubs burrow into the trunk and feed on tissue of the stem.
The pupation and adult emergence within the same stem allow successive
generations within the same stem. In the present study, prepupae were
collected for every experiment from large cavities of infested date trees
specialized for this purpose, i.e. received no chemicals such as
insecticides. No laboratory culture of Rh. ferrugineus could be established
because of the legislative regulation preventing the transfer of it outside
the infestation region (Ismailia and Shargia Governorates, during the
period of the practical work of the present study, 2000).

2) Administration of Insect Growth Regulators:

Two acylureas were used in the present study. Lufenuron (CGA
184699) and Diofenolan (CGA 59205). The first compound has the
chemical name: N {[2,5-dichloro-4- (1, 1, 2, 3, 3, 3 - hexafluora-
propoxyl)phenyl]lamino]carboryl}-2,6-difluoro-benzamide  (CA). The
second compound has the chemical name: cis, trans-(+)-2-Ethyl-(4-
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phenoxy-methyl,1,3-dioxolone(mixture of the four configurationally
isomers).

Seven dose-levels of each compound were prepared: 500.00,
100.00, 50.00, 1.00, 0.10, 0.01 ug/insect and topically applied onto the
pronotum of prepupae in 1 ul acetone. Eight replicates for each treatment
were treated. Twelve replicates of controls were topically applied with
acetone only. All treated and control insects were kept at 27 = 2 °C and
70 = 5% RH.

3) Criteria and calculations:

Pupal mortalities were observed during the pupal period, especially
of the early-, mid- and late-aged pupae. Also, adult mortalities were
calculated basing on the successfully emerged individuals All mortalities
were counted and expressed in percentages.

In addition, pupation and adult emergence percentages were
calculated as suggested by Jimenez-Peydro et al. (1995). Morphogenic
aberrations were recorded and expressed in %s. For calculating the
developmental duration Dempsters equation (1957) was used, and for
calculating the developmental rate, Richard's equation (1957) was used.
Growth index was determined according to Saxena and Sumittra (1985).
Water loss % was calculated basing on the data of initial and final
weights of pupae.

4) Statistical analysis of data:

Data obtained were analyzed by the Student's t-distribution and
refined by Bessel correction (Moroney, 1956).

RESULTS

The two IGRs, Lufenuron (CGA-184699) and Diofenolan (CGA-
59205), were bioassayed against the red palm weevil, Rh. ferrugineus and
the obtained results can be assorted as follows.

1) Lethal effects:

Survival potential of the prepupae did not affect except by the
higher two doses of Lufenuron (Table 1). In the light of data in the same
table, it is easily seen that the insecticidal action of this compound run
parallel to the dose level. Moreover, the lowest dose level could not cause
a pupal mortality, irrespective of the pupal age. Total mortality
consecutively correlated to the dose value. The increasing water loss may
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explain the increasing mortality % with ascending level of dose (38.17%
at the highest level vs. 13.52% of controls, Table 1). As similar trend of
the effect on the pupal survival, the adult had been undergone to the
action of Lufenuron (Table 1).

Depending on the data of Table (2), the survival potential of
prepupae had not been affected except by the highest dose of Diofenolan.
Otherwise, pupal survival was remarkably affected. This adverse effect
run parallel to the rising level of the compound. As mentioned in Table
(1), Table (2) shows a dose - depending water loss %. This course of
drought may interpret the increasing deaths of pupae.

2) Effects on growth and development:

The data presented in Table (3) revealed the reducing effect of
Lufenuron on the prepupal body weights. This effect elegantly observed
after the use of two higher dose-levels (3.38+0.37 and 3.45+0.50 mg by
using 500.0 and 100.0 ug/insect, respectively, vs. 4.54+0.90 mg of
control congeners). This effect was substantiated by the calculation of
growth index, which decreases in no certain trend (Table 3).

The development was hastened and the durations were shortened.
This shortening was more exiguously detected by increasing dose-level.
The results of the same Table (3) revealed that this shortness was
statistically significant by the higher four doses of Lufenuron (5.55+0.45,
5.88+0.87, 6.00+0.67 and 6.15+1.28 days vs 7.45+0.93 days of control
corresponding).

Dealing with the pupae, data arranged in the same table showed the
shortening action of Lufenuron on the pupal stage in the meaning of
accelerated development of pupae. This effect appeared significantly by
the use of two higher doses (4.31+0.46, 4.57+0.81 days vs 6.16+1.58
days of controls). This effect was explored by the great values of the
developmental rate (23.20 at 500.00 ug/insect vs. 16.23 of controls).

On the other hand, the topical application of Lufenuron in its
higher four doses considerably suppressed the body weights of the pupae
(both the newly- and late-aged, for more details, see Table 3). It is
noteworthy to mention that the mean body weights of the newly formed
pupae were 0.64 of the control body weight (after treatment of the
prepupae with the highest dose 500.00 pg/insect). Also, the late-aged
pupae weighed 0.53 of the control weight (after treatment with the same
dose-level).
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As it is distributed in Table (4), only the higher two doses of
Diofenolan caused significant depletion of prepupal body weights
(3.38+£0.37 and 3.45+0.50 mg vs. 4.54+0.90 mg of controls). This
compound, in other dose-levels, did not stimulate the prepupae to attain
similar significantly recorded body weights or growth index.

Results of the same table indicated the shortening effect of
Diofenolan on prepupae before the transformation into pupae.
Pronouncedly shortened durations were measured for the prepupae after
treatment with the higher four doses (5.55+0.45, 5.88+0.87, 6.00+0.67
and 6.15+1.28 days vs 7.45+0.93 days of control congeners). In other
words, they had fast developmental rates as a response to the action of
Diofenolan at higher dose levels. Moving to the right half of the same
Table (4), it is quite clear that the pupal durations were shortened and the
developmental rate increased consecutively to the dose level. This
compound at its three high dose-levels, led to the faster developmental
rates (23.81, 20.49 and 19.96 vs. 16.23 of controls).

In view of data presented at the same half of the table, different
degrees of the reduction in pupal body weights were observed,
irrespective of the age. This decreasing effect was a dose-dependent.
Also, it is noticed that the resulted pupae from the treated prepupae with
the highest dose weighed 0.75 of their controls at the beginning and
weighed 0.53 of their controls at the end of the stage.

3) Metamorphic and morphogenic effects:

Data given in Table (5) revealed the metamorphosing action of
Lufenuron. The topical application onto prepupae with 500.00 and 100.00
ug Lufenuron/insect resulted in the hindering of pupation process. On the
other hand, the pupation program was impaired in different degrees by
various dose levels. This effect was approximately a dose-dependent,
with few exceptions. In addition, the capability of pupae to
metamorphose into adults was deranged in different degrees. The rate of
adult emergence decreased by increasing the dose-level, which could not
be observed for the adult morphogenesis. Unexpectedly, the present IGR,
at its higher two dose levels did not induce adult deformities but caused
only 87.5 and 63.0% adult blockage (at 500 and 100 pg/insect,
respectively).

Only the highest dose level of Diofenolan caused a decreasing of
pupation, but slightly, and defused the pupation program in only 25% (see
Table 6). Some degrees of such effect could be appreciated except at the
two lower dose levels which could not disturb the adult morphogenesis.
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The same table showed a complete blockage of adult eclosion by
Diofenolan at its two higher dose-levels. Such effect gradually decreased
as the dose-level decreased (75 and 12% emergence blockage by 50.00
and 0.01 ug/insect, respectively). Table (6), also, indicated that only the
two lower dose-levels deranged the adult morphogenesis in 12%.

The majority of pupal deformities produced by the action of
Lufenuron can easily be observed in Fig. (1). These deformities varied
between charred body, collapsed appendages and atrophied elytron pads.

Diofenolan treatments resulted in similar degrees of pupal
deformation in addition to dorso-ventrally compressed body, failure of
complete escape from the prepupal skin, tubercle thorax and dwarf wing
pad (Fig. 3).

Lufenuron exerted some action on adult morphogenesis. Fig. (2)
demonstrates some photos of pupal-adult intermediates, adults with
remains of pupal skin, adult with atrophied wings and legs. Diofenolan
caused similar adult malformations beside to some other features such as
permanently expanded membranous wings, collapsed appendages and
evaginated elytre (Fig. 4).

DISCUSSION

Benzoylphenyl urea are known to be highly effective IGRs against
many agricultural pests with a relatively low toxicity to mammals and
natural enemies (Degheele, 1990; Ishaaya, 1990). Diflubenzuron
(Dimilin), the most thoroughly investigated compound of this group, has
been reported to have no appreciable effect on hymenopterous and
dipterous parasites; (Granett and Weseloh, 1975; Ravensberg, 1981). On
the other hand, Westigard (1979) found that application of Dimilin was
harmful to natural enemies of Laspeyresia pomonella, although only at
relatively high concentrations. Also, detrimental effects of Dimilin on
beneficial insects were reported by (McWhorther and Shepard, (1977)
and Zungoli, et al., (1983). Thus, it was necessary for derivatives of
Dimilin have been synthesized along several years ago.

Lufenuron (Fluphenacur or Match or CGA-184699) and
Diofenolan (Aware or CGA-59205) are chitin synthesis inhibitors or
IGRs, in general, manufactured by Ciba Gaigi, Basel, Switzerland. The
first was assessed against several insect pests, such as summer fruit tortix,
Adoxophyes orana (Charmillot et al., 1991; loriatti et al., 1993); cat flea,
Ctenocephalides felis (Hink et al., 1991). The second compound was
assessed against some species, such as scale insects: Hemiberlesia rapax
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(Tomkins et al., 1994), Quadraspidiotus pyri and Q. ostreaeformis
(Hippe et al., 1995); lepidopterous pests (Sechser et al., 1994; Streibert et
al., 1994) and some citrus pests (Grout et al., 1997).

However, different results had been obtained about the effects of
these acylureas on survival, growth and development of those insects.
The promising results, of the aforementioned works and others,
encouraged to carry out the present study for investigating the possible
effects of these two IGRs on the weevil Rh. ferrugineus through the
following criteria.

1) Survival responses of Rh. ferrugineus:

Lethality of Lufenuron and Diofenolan was studied, both in
laboratory and in the field, against some insect pests and parasites.
Shortly reviewing the available information may be useful. At 50 ppm
Lufenuron had little effect on newly hatched larvae of the lepidopteran A.
orana but was effective as larvicide against 8- to 20-days old larvae
(Charmillot et al., 1991). Feeding of cat fleas on orally administered cats
with Lufenuron resulted in prevented development of the progeny. Most
deaths of progeny occurred in the egg stage and the hatched eggs
provided larvae which failed to develop into adults because they died. In
addition, Diofenolan has demonstrated excellent selectivity at rates of
between 50 and 200 ppm against the predators of scale insects: Orius
majusculus and Aphytis melinus under laboratory conditions (Sechser et
al., 1994). On citrus trees in Egypt, Diofenolan caused only a low
reduction of larvae of Aphytis spp. attacking the citrus purple scale
(Lepidosaphes backii) and showed no significant effect on the predatory
mite Typhlodromus pyri in an Italian apple orchard in a control
Programme against the codling moth, Cydia pomella (Sechser, 1994).

In the present study, the action of Lufenuron and Diofenolan (at
dose levels: 500.0, 100.0, 50.0, 10.0, 1.0, 0.1 and 0.01 ug/prepupa) was
investigated on the survival potential of prepupae which had not been
pronouncedly affected except at the higher two dose levels of Lufenuron.
The mortal potency of the latter IGR was obviously observed as run
parallel to the dose-level. Also, survival potential of prepupae had not
been affected, except at the highest dose-level of Diofenolan. Otherwise,
pupal survival was remarkably affected and such effect increased by the
increasing dose-level of these IGRs.

A lot of research works showed various degrees of mortal potency
or lethal action of different chitin inhibitors within which our Lufenuron
and Diofenolan are assorted. Dimilin had been exhibited high activity as a
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larvicide, pupicide and adulticide against Spodoptera littoralis (Radwan
et al., 1978; Sobeiha et al., 1981; Ishaaya et al., 1984; Osman, 1984;
Watson et al., 1984; Radwan et al., 1986). Several dimiloids were, also,
reported to have high toxicity against several insects such as mosquito
species by Chlorfluazuron (IKI1-7899), Teflubenzuron (CME-134) and
Hexaflumuron (XRD-473) (Mulla and Darwazch, 1988; Bakr et al., 1989;
Mulla et al., 1988; Vasuki, 1992a,b; Montada et al., 1994; Mohapatra et
al., 1996); lepidopterous species by IKI-7899, XRD-473, CME-143, DPX
and Triflumuron (Bay SIR-8514) Granett and Hejazi, 1983; Moustafa and
El-Attal, 1984; Osman, 1984; Watson et al., 1984; Atkins and Wright,
1985; Radwan et al., 1986; Horowitz et al., 1992; Furlong and Wright,
1994; Naguib et al., 1994); muscoid flies by IKI-7899 or Bay SIR-8514
(Ghoneim et al., 1992; Ghoneim and Ismail, 1995; Nassar, 1995);
subterranean termites by XRD-473 (Su, 1994; Forschler and Ryder, 1996;
Su and Scheffrahn, 1996 a,b; Su et al., 1997). Also, larval feeding of
Muscina stabulans on dietary concentrations either of Dimilin, CME-134
or by larval topical application with IKI-7899 or XRD-473, caused
remarkable larval and adult mortalities (Basiouny, 2000). Also, Wright
and Harris (1976) recorded non considerable effect for TH-6040 on the
adult stage of stable fly Stomoxys calcitrans. Furthermore, Dimilin
showed very low toxicity against S. exigua larvae owing to its rapid
elimination from the larva and rapid metabolism of the materials
remained in the body (Van Laeck and Degheele, 1993 a,b). Also, young
Spodoptera exigua larvae owing to its rapid elimination from the larva
and rapid metabolism of the materials remained in the body (Van Laeck
and Degheele, 1993 a,b). Also, young S exigua larvae have shown a
tolerance to Dimilin and CME-134.

The toxicity differences among different species may be due to
innate differences in the degradative metabolism, absorption and
excretion (Wellinga et al., 1973 and Granett et al., 1980). In addition,
lethal action of several juvenoids, antijuvenoids, ecdysteroids,
antiecdysteroids, and other IGRs are available in the literature but a few
references may be suffice for saving effort, area, and time (Ghoneim et
al., 1992, 1998; Sundaram et al., 1998; Dedos and Fugo, 1999; Bakr et
al., 2000).

However, these different results of toxic effects and lethal action
exhibited in various mortalities by several chitin inhibitors, as well as
Lufenuron and Diofenolan in the present study on Rh. ferrugineus, may
be ascribed to a direct inhibition of chitin synthesis within the integument
rather than to any indirect extracuticular effects on hormone levels
(Hunter and Vincent, 1974; Ishaaya and Casida, 1974; Sowa and Marks,
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1975; Hajjar and Casida, 1978; Sundaramurthy and Balsubmanian, 1978).
Also, the actual cause of insect death by chitin inhibitors may be
attributed to either a rupture of the newly formed cuticle (Beenakkers and
Brock, 1974; Salama et al., 1976; Sundaramurthy, 1977; Abid et al.,
1978; Fytizus and Mourikis, 1979).

There is an appreciated suggestion for explicating the death or
mortality of different insect stages by the action of IGRs, general.
According to this suggestion, mortalities are not directly related to the
hormonal activity of the IGR, but to other factors or causes, such as:
suffocation, bleeding and desiccation due to imperfect exuvation,
starvation due to morphological defects, failure of vital homeostatic
mechanisms, etc.. (Sehnal, 1983; Smagghe and Degheele, 1994). The
latter suggestion is, at least, partially conceived in the present study upon
Rh. ferrugineus since water loss of pupae increased parallel to the
increasing mortality % with ascending dose-level of Lufenuron of
Diofenolan which indicated an adverse condition of the water body
content.

2) Influence on growth and development of Rh. ferrugineus.

Diflubenzuran the pioneer of benzoylphenyl urea, affects the
development, among other vital criteria, of several insect species (El-
Sayed et al., 1984; Osman, 1984, Soltani-Mazouni and Soltani, 1994,
Soltani et al., 1996; Basiouny, 2000; Chebira et al., 2000).

In the present study on Rh. ferrugineus, prepupal treatment with
Lufenuron or Diofenolan resulted in significant depletion of body
weights, especially at the two higher dose-levels. Also, the produced
pupae had reduced body weights especially at the beginning and end of
the stage (in the case of Lufenuron application) or along the age (in the
case of Diofenolan application). Reduction of body weights, or the weight
gain, by some other chitin inhibitors, and IGRs in general, had been
reported for several insect species, such as M. domestica Spodoptera
exempta, S. exigua, Mamestra brassicae and Galleria mellonella
(Smagghe and Degheele, 1994), as well as S. littoralis (Ghoneim et al.,
1998). Likewise, no effect on the body weights was recorded by some
IGRs against Leptinotarsa decemlineata, Diabrotica virgifera, Podisus
sagitta and Locusta migratoria (Smagghe and Degheele, 1994); M.
domestica (Ghoneim et al., 1991); Periplaneta americana and
Oncopeltus fasciatus (Darvas et al., 1992).

However, the suppressing action of Lufenuron and Diofenolan, in
the present study, may be due to an ecdysonergic activity as suggested by
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Smagghe and Degheele (1994) after using an ecdysone agonist,
tebufenozide (RH-5992). With regard to the effect on the developmental
durations and rates, results of the present study clearly showed
remarkably hastened development of pupae which lasted a short duration,
irrespective of the dose-level of both IGRs. On the contrary, many
authors measured a suppressing action of several chitin inhibitors on the
development during prolonged durations of immature stages (see, as for
examples, Osman, 1984; Bakr et al., 1989; Soltani et al., 1989; Ghoneim
et al., 1992; Vasuki and Rajavel, 1992; Van Laeck and Degheele, 1993
a,b; Ghoneim and Ismail, 1995; Mohapatra et al., 1996, etc.). However,
the presence of variation in developmental effects of chitin inhibitors may
be largely due to the large species - variation in respect to relative
potency of these various compounds. This variation may, also, be resulted
from the different mechanisms of ecdysteroid metabolism existing in
different insects (Whisenton et al., 1989).

The shortening effect of Lufenuron and Diofenolan in the present
study on the weevil Rh. ferrugineus, or the lengthening effect of other
chitin inhibitors on various insect species, may be explicated by causing
an imbalance in the hormone titers at critical times of moulting because
the proper balance in the hormone titers is necessary for normal growth,
transformation into the pupal stage (Richards, 1981; Retnakaran et al.,
1985; Sehnal and Bryant, 1993). That relationships between chitin
inhibitors, especially Dimilin and ecdysteroids were investigated in
several species (Soltani et al., 1993, 1996; Rehimi and Soltani, 1998;
Chebira et al.,, 2000). Moreover, shortening or elongating the
developmental periods by IGRs, other than the chitin inhibitors, may be
attributed to their effect on the release of ecdysteroids indirectly, by
interfering with the neuroendocrine sites responsible for the release of
tropic hormones (espcially the prothoracicotropic hormone) (1985;
Schmutterer, 1989; Subrahmanyam et al., 1989).

3) Morphogenic effects on Rh. ferrugineus:

Topical application of Lufenuron onto the prepupae of Rh.
ferrugineus, in the present study, at dose-levels: 500.0 and 100.0
ug/insect resulted in pronouncedly prohibition of the pupation. In respect
to Diofenolan, only the highest dose caused only a slight prohibition of
this process. Similar results had been obtained by using Dimilin and its
analogues (or chitin inhibitors) against S. littoralis (Gamal et al., 1994),
Tribolium confusum (EI-Sayed et al., 1984), M. domestica (El-Kordy et
al., 1989), C. tarsalis (Mulla et al., 1989), some mosquito species
(Montada et al., 1994), some muscoids (Ghoneim et al., 1992; Ghoneim
and Ismail, 1995; Basiouny, 2000). Also, Diofenolan inhibited the
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pupation in Coccinella septempunctata and Chrysoperla carnea (Sechser
et al., 1994) and Hemiberlesia rapex (Tomkins et al., 1994). It is
noteworthy to remember here that Lufenuron and Diofenolan are
classified in the category of chitin inhibitors, so various works concerning
only with it have been referred for saving time and effort because there
are a big lot of data and results about the effects of IGRs - other than
chitin inhibitors - on the pupation rate of a great variety of insect species,
as well as on the adult emergence beside the affected pupal and adult
morphogenesis.

Dealing with the action of Lufenuron and Diofenolan on the adult
emergence of Rh. ferrugineus, in the present study, prepupal treatments
reduced it in an effect reversibly correlated with the dose-level. The two
higher dose-levels of Diofenolan completely prevented the adult eclosion
but some adult weevils enclosed at other dose-levels. Similar effect was
reported for various insects by Dimilin and Dimiloids (Salama et al.,
1976; Abo Elgar et al., 1978; Bakr et al., 1989; El-Kordy et al., 1989;
Ghoneim et al., 1992; Ghoneim and Ismail, 1995; Basiouny, 2000). On
the contrary, no effect of some dimiloids on adult emergence was
reported by some authors, such as: Schmidt et al., (1993).

However, inhibition of pupation and blockage of adult eclosion, as
distinctly found in the present study by the action of Lufenuron and
Diofenolan, may be considered as a result either to the haemolymph
ecdysteroids or to a delay in the appearance of the last ecdysteroid peak,
with or without a reduction in peak height and a slow abnormal decline in
the peak (Handler, 1982; Redfern et al., 1982; Sieber and Rembold,
1983). In other words, inhibition of pupation and blockage of adult
emergence may be explained by the reduction of eclosion hormone
production release, since this hormone is responsible for some
prerequisite processes of the completion of moulting (Ghoneim et al.,
1998).

To clarify the possible morphogenic action of Lufenuron and
Diofenolan on the pupation and adult eclosion programs, available data in
the present study unambiguously prevailed increased pupal deformity,
approximately, by the increasing dose-level of Lufenuron; while at the
highest dose-level, the compound defused this pupal program in 25%
only. The pupal malformation varied between charred body color,
collapsed appendages, dorso-ventrally compressed body and presence of
some prepupal skin remains, irrespective of the used IGR. No effect of
Lufenuron on the adult morphogenesis was observed while Diofenolan, at
its two lower doses, only, of Diofenolan impaired this phenomenon in
12%. Whether the used IGR, Lufenuron or Diofenolan, deformities of
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adult weevils comprised pupal-adult intermediates, remains of the pupal
exuvia and abnormal wings.

Various pupal and adult deformities were observed by several
authors for different insect species, belonging to several orders by many
chitin inhibitors such as: Dimilin against Glossina morsitans (Jordan et
al., 1979), Simulium vittatum (Lacy and Mulla, 1979), Culex pipiens
(Bakr et al., 1989), and M. stabulans (Basiouny, 2000); Bay SIR-8514
against T. confusum (El-Sayed et al., 1984), M. domestica (Miller and
Schmidtman, 1985), C. pipiens (Bakr et al., 1989), M. stabulans
(Ghoneim et al., 1992); IKI-7899 against C. pipiens (Bakr et al., 1989),
P. argyrostoma (Ghoneim and Ismail, 1995), M. stabulans (Basiouny,
2000); .... etc. As well as, Diofenolan disrupted the insect transformation
of the lepidopterans Cydia pomonella and C. molesta (Streibert et al.,
1994).

Several hypotheses have been made to explain the mode of action
of the IGRs including direct inhibition and/or interference with chitin
synthesis (Grosscut et al.), effect on the chitinase levels comprising that
chitin is being digested faster than deposited (Soltani et al., 1993),
interference with juvenile hormone and ecdysteroid metabolism causing a
disruption in the chitin metabolic system (Yu and Terriere, 1975),
inhibition of chitin synthase by metabolites of chitin synthesis inhibitors
(Cohen and Casida, 1980), inhibition of protease (s) that activate the
chitin synthase zymogen (Leighton et al., 1981), inhibition of DNA
synthesis (Mitlin et al., 1977), inhibition of glycosyl transferases that are
involved with synthesis of lipid linked oligosaccharids in cell membranes
which possibly provide primer molecules for chitin synthase (Marks and
Sowa, 1979; Mayer et al., 1980 a,b), and/or inhibition of facilitated
diffusion and active transport across cell membranes of nucleosides and
amino acids (Deloach et al., 1981; Mayer et al., 1988). However, and
whatever the degree of pupal or adult deformation, it is suggested that
chitin inhibitor (including Lufenuron and Diofenolan, in the present
study) suppressed the chitin synthesis and prevented the normal
deposition of new cuticle during apolysis, hence moulting abnormalities
during larval-pupal or pupal-adult transformation may occur (cf. Yu and
Terriere, 1975; Retnakaran et al., 1985; Degheele, 1990). Finally, the
exact mode of action of most IGRs almost remains poorly understood
(Doannio et al., 1993).
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Fig. (1): Topical application of 500.0, 100.0, 50,0, 0.5, 1.0, 0.10 and 0.01
ug/insect of Lufenuron (CGA-184699) onto prepupae of RA.
ferrugineus resulted in the following categories of deformed pupae:
a) Dead prepupae with charred body. b) Dead pupae with charred
body. ¢) Ventral side of pupae to show collapsed antennae, mouth
parts and legs, d) Atrophied elytral pads and arched legs.
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Fig. (2): Topical application of 50.0, 5.0, 1.0, and 0.01 pg/insect of
Lufenuron (CGA-184699) onto prepupae of Rh. ferrugineus
resulted in the following categories of deformed adult weevils: a)
Pupal-adult intermediate with posterior pupal portion and anterior
adult portion. b) and c) Ventral side of adults which could not to
emerge from the pupal exuvia. d) Lateral side of deformed adult
weevil with atrophied wings and legs.
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Fig. (3): Topical application of 500.0, 100.0, 50,0, 5.0 and 1.0 pg/insect
of Diofenolan (CGA-59052) onto prepupae of Rh. ferrugineus
resulted in the following categories of deformed pupae: a) Dorso-
ventrally compressed pupa. b) Assymetrically formed pupa with
zigzaged wing pad. ¢) Dorsal side of a pupa partially enveloped
in the prepupal skin. d) Dorsal side of deformed pupa with a
tubercled thorax and a dwarf wing pad.
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Table (1): Prepupal pupal and adult mortalities (%) caused by Lufenuron (CGA -184699) applied topically

onto prepupae of the red palm weevil Rhynchophorus ferrugineus.

Dose Pupal mortalities

Prepupal Adult
(ug /insect) | Mortality | Fary_age | Mid-age | Late-age n?c?rrl;llrﬁ;/ Waz;) )IOSS mortality

500.00 12.5 25.0 25.0 25.0 87.5 38.17 12.5
100.00 12.5 12.5 12.5 25.0 62.5 21.73 37.5
50.00 00.0 12.5 12.5 12.5 37.5 16.88 37.5
5.00 00.0 00.0 12.5 12.5 25.0 15.77 25.0
1.00 00.0 00.0 12.5 12.5 25.0 16.82 12.5
0.10 00.0 00.0 12.5 00.0 12.5 16.32 12.5
0.01 00.0 00.0 00.0 00.0 12.5 15.67 00.0
Control 00.0 00.0 00.0 8.3 8.3 13.52 00.0

Early—aged: 1-day old pupae, Mid-aged: 4-day old pupae, Late—aged: 7-day old pupae. Eight prepupae were used as
replicates

for treatment, but 12 corresponding prepupae were used as controls.
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Table (2): Prepupal pupal and adult mortalities (%) caused by the Diofenolan (CGA-59205) applied

topically onto the prepupae of red palm weevil Rhynchophorus ferrugineus

Dose

Pupal mortalities

Prepupal Adult
(g /insect) | Mortality | Eany age | Mid-age Late-age rssrrg% Wa;[g/(r) )IOSS mortality

500.00 12.5 50.0 12.5 25.0 87.5 40.3 12.5
100.00 00.0 37.5 25.0 12.5 75.0 38.7 12.5
50.00 00.0 25.0 25.0 12.5 62.5 33.6 12.5
5.00 00.0 12.5 12.5 12.5 25.0 34.5 12.5
1.00 00.0 00.0 00.0 12.5 12.5 27.2 12.5
0.10 00.0 00.0 00.0 12.5 12.5 28.7 00.0
0.01 00.0 00.0 00.0 12.5 12.5 26.8 00.0
Control 00.0 00.0 00.0 00.0 8.3 24.28 00.0

Early—aged, Mid-aged and Late—aged: see the footnote of table (1). Eight prepupae were used as replicates for

treatment,

but 12 corresponding prepupae were used as controls.
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Table (3): Effects of Lufenuron (CGA-184699) applied topically onto the prepupae on growth and
development of red palm weevil Rhynchophorus ferrugineus

Prepupae Pupae

Dose Weight +S.D
(ug / Duration Develop. Weights Growth Duration Develop. Ng\l/slys (mg _Léte)
insect ' | |
) (days + S.D) rate (mg+S.D) | index (days+S.D) rate formed aged
3.38 2.63 £ 183+
500.00 5.55+0.45d 29.59 0.37¢ 5.00 4.31 £0.46¢ 23.20 0.324 0.29d
3.45 + 3.26 £ 2.18 £
100.00 5.88 +0.87¢c 28.99 0.50C 1.56 457 +0.81b 21.88 0.29¢ 0.35¢
3.86 + 3.32 2.38 £
50.00 6.00 £ 0.67c 25.91 0.56a 5.24 5.68 £ 0.35a 17.61 0.25¢ 0.36¢
3.84 3.38 £ 2.75 +
5.00 6.15+ 1.28b 26.04 0.753 5.08 6.00 + 1.26a 16.67 0.39b 0.27b
3.96 + 3.57 % 2.77
1.00 6.38 + 1.48a 25.19 0.66a 4.98 6.08 £ 0.99a 16.45 0.47a 0.37b
397 + 3.68 £ 2.88 +
0.10 6.75+0.70a 25.19 0.77a 4.93 6.10 £ 1.77a 16.39 077a 0.68a
401+ 3.99 £ 3.10 £
0.01 7.33+£1.03a 24.94 0.40a 8.64 6.12 +1.28a 16.34 0633 0.56a
454 + 4,10 + 3.46 +
Control 7.45+ 0.93a 22.03 0.90a 8.57 6.16 £ 1.58a 16.23 0.85a 0.77a

Means + SD followed with the same letter (a) are not significantly different (P> 0.05), (b): significantly different
(P<0.05), (c): highly significantly different (P<0.01) (d): very highly significantly different (P<0.001). Develop. rate
: Developmental rate.Eight prepupae were used as replicates for treatment, but 12 corresponding prepupae were used
as controls.
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Table (4): Effects of Diofenolan (CGA-259205) applied topically onto the prepupae on growth and
development of the red palm weevil Rhynchophorous ferrugineus

Prepupae Pupae
Dose -
: _ _ . +5.
(Mg / insect) Duration Develop. Weights Growth Duration Develop. Weights (mg+S.D)
(days + S.D) rate (mg+S.D) index | (days+S.D) rate Newly- Late-aged
formed

500.00 5.25 + 0.55d 19.05 3514033 | 000 | 420+013d | 2381 | 2.58+0.37c %3228(1i
100.00 5.88 + 0.88d 17.01 377+050b | 000 | 488+027b | 2049 | 2.65+0.36¢ %%%;—r
50.00 6.16 + 0.64d 16.23 395+065a | 223 | 501+023b | 19.96 | 2.73+0.30b %2359;5
5.00 6.25 + 0.70¢ 19.05 393+056a | 326 | 525+088 | 1905 | 3.11+0.88a %‘(‘315;5
1.00 6.55 + 0.98a 15.27 330+052a | 398 | 600+14la | 1667 | 3.23+058a %5792:
0.10 6.43 +1.32a 1555 | 42040452 | 663 | 675+103a | 1481 | 328%1lla | 52~
0.01 6.80 + 1.41a 14.71 450+099 | 683 | 600+15la | 1667 | 3.32+0.25a 412558:
Control 7.45 +0.93a 13.42 454+090a | 674 | 616+158 | 1623 | 3.46+0.76a %%%:

a, b, c and d, Develop. rate : See the footnote of Table (3). Eight prepupae were used as replicates for treatment, but
12 corresponding prepupae were used as controls.
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Table (5): Morphogenic and Metamorphic effects (%) of Lufenuron (CGA-184699) applied topically onto the
prepupae of the red palm weevil Rhynchophorus ferrugineus.

Dose
Pupal stage Adult stage
(ug / insect)
Pupation Deformities Emergence Deformities

500.00 87.5 50.0 37.0 --
100.00 87.5 37.5 12.5 --
50.00 100.0 37.5 50.0 37.50
5.00 100.0 25.0 50.0 25.0
1.00 100.0 12.5 50.0 12.5
0.10 100.0 25.0 50.0 00.0
0.01 100.0 12.5 87.5 12.5
Control 100.0 8.3 91.7 --

2178

Eight prepupae were used as replicates for treatment, but 12 corresponding prepupae were used as controls.




Table (6): Morphogenic and Metamorphic effects (%) of Diofenolan (CGA-59205) applied topically onto the
prepupae of red palm weevil Rhynchophorus ferrugineus.

Dose Pupal stage Adult stage
(ug / insect) Pupation Deformities | Emergence | Deformities

500.00 87.5 25.0 00.0 --
100.00 100.0 37.5 00.0 --

50.00 100.0 25.0 25.0 --

5.00 100.0 25.0 37.5 --

1.00 100.0 25.0 50.0 --

0.10 100.0 -- 87.5 12.5

0.01 100.0 -- 87.5 12.5
Control 100.0 -- 91.7 --

Eight prepupae were used as replicates for treatment, but 12 corresponding prepupae were used as controls.
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THE DISRUPTIVE EFFECTS OF AZADIRACHTIN AND JOJOBA
ON DEVELOPMENT AND MORPHOGENESIS OF THE RED
PALM WEEVIL, RHYNCHOPHORUS FERRUGINEUS
(CURCULIONIDAE: COLEOPTERA).

Bream, A.S.”: Ghoneim, K.S.” Tanani, M.A. " and Nassar, M.l.”~

“Faculty of Science, Al-Azhar University, ~ Faculty of Science,
Cairo University, Egypt.

ABSTRACT

Nine dose-levels of Jojoba oil (Joj) or six ones of Azadirachtin
(Azt) were topically applied onto the prepupae of Rh. ferrugineous. The
dose range of Joj was 20.000-0.001 pg/insect and of Azt was 0.500-0.001
pg/insect. The lethal action of Joj had not appeared clearly in the early-
aged pupae, but in the late-aged ones. With regard to Azt, the lethal
action increased by the age of pupae. By each extract, increased water
loss may act as one of the importance causes of pupal death. Prepupal
maximal body weights decreased, irrespective of the extract, and were
reflected on small growth index of prepupae and pupae. On the other
hand, the two higher dose levels of each extract shortened the pupal
durations and hence their developmental rates increased. Joj had no effect
on the pupation rate in spite of its influence on the pupation program
because various malformations were observed increasingly by increasing
dose-level. Similar results, almostly, had been obtained by Azt. Adult
emergence was blocked in different percents by Joj and was reversely
correlated with the dose value of Azt. Also, various adult deformations
were observed by Joj and by Azt.

Additional Index Words: Rhynchophorus ferrugineus, Azadirachtin,
Jojoba oil, lethal effects, growth, development, morphogenesis, pupation,
adult emergence, deformation.

INTRODUCTION

Many investigations have been conducted on the antifeedant
effects, growth inhibition and abnormal development in various insects
caused by neem seed extracts and azadirachtin (cf. Schmutterer and
Ascher, 1984). Neem seed and leaf extracts, as well as, the purified
compound azadirachtin, are powerful insect antifeedant and repellents
(Butterworth and Morgan, 1968; Zanno et al., 1975). They may also
disrupt growth, inhibit moulting (Koul, 1984; Garcia and Rembold, 1984;
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Dorn et al., 1986) and oogenesis (Steets, 1976; Rembold and Sieber,
1981).

Red palm weevil Rhynchophorus ferrugineus oliv. is a devastating
insect pest of date palm in the Arabian Gulf region. It was reported on
date palm, for the first time, from the United Arab Emirates in the mid-
1980s, then its reported distributed expanded its range westwards until it
reached Egypt in 1992 (Saleh, 1992; Cox, 1993). The objective of the
present work was mainly to determine the efficacy, in the laboratory, of
azadirachtin and Jojoba oil for disrupting growth and development of Rh.
ferrugineus.

MATERIALS AND METHODS
1) The Experimental Insect:

The red palm weevil Rhynchophorus ferrugineus is a serious pest
of coconut causing damage and often killing the plam in its prime of life
The hatched grubs burrow into the trunk and feed on tissue of the stem.
The pupation and adult emergence within the same stem allow successive
generations. In the present study, prepupae were collected for every
experiment from large cavities of infested date trees especialized for this
purpose; i.e. received no chemicals such as insecticides. No laboratory
culture of Rh. ferrugineus could be established because of the legislative
regulation preventing the transfer of it outside the infestation region
(Ismailia and Shargia Governorates, during the experimental period of the
practical work of the present study, 2000).

2) Administration of Plant extracts:

Azadirachtin (Azt) and Jojoba oil (Joj) were bioassayed against Rh.
ferrugineus. The purified compound of Azt (a tetranortriterpenoid) was
purchased from "Sigma Chemical Company". Joy (oily extract of jojoba
bean Simmondsia chinensis) was favourly obtained from Lab. of
Pesticides, Agric. Res. Center, Doqqi, Giza. Nine dose levels were
prepared from Joj: 20.00, 10.00, 1.000, 0.50, 0.10, 0.050, 0.01, 0.005, and
0.001 ug/insect; and six dose levels from Azad: 0.50, 0.10, 0.05, 0.01,
0.005 and 0.001 ug/insect. Eight replicates for each experiment were
topically treated with 1 ul aceton containing the plant extract. Twelve
replicates of controls were topically treated with 1 ul aceton only. All
treated and control insects were kept at 27 + 2 °C and 70 £ 5% RH.
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3) Criteria and calculations:

Pupal mortalities were observed during the pupal period, especially
of the early-, mid- and late-aged pupae. Also, adult mortalities were
calculated basing on the successfully emerged individuals All mortalities
were counted and expressed in %s.

In addition, pupation and adult emergence percentages were
calculated as suggested by Jimenez-Peydro et al. (1995). Morphogenic
aberrations were recorded and expressed in %s. For calculating the
developmental duration, Dumpster's equation (1957) was used, and for
calculating the developmental rate, Richard's equation (1957) was used.
Growth index was determined according to Saxena and Sumittra (1985).
Water loss % was calculated basing on the data of initial and final
weights of pupae.

4) Statistical analysis of data:

Data obtained were analysed by the Students t-distribution and
refined by Bessel correction (Moroney, 1956).

RESULTS AND DISCUSSION
1) Lethal effects:

As shown in Table (1), the lethal action of Joj had not appear
clearly in the early-aged pupae, but in the late-aged pupae and, to some
extent, in the mid-aged pupae. According to the data of the same table, a
parallel course was obviously seen, almostly, between the mortalities and
the dose levels. Good evidence was obtained by the results of total
mortalities, where it was 87.5% at the highest dose of the extract and
12.5% at the dose level 0.005 ug/insect; while at the lowest dose level,
the extract did not exhibit a lethal action.

Water loss may be the principal factor for causing death of pupae,
where Table (1) indicated that the increase in water loss (%) paralleled to
the ascending of mortality % and increasing dose level.

Referring to Table (1), adult mortalities ranged from 12.5 to
37.3%. However, no certain trend was appreciated for this effect. It is
noteworthy to mention that the lowest dose (which did not cause pupal
mortalities) caused adult mortality, but in the most little %.

As similar to be found in Table (1), the results of Table (2)
prevailed a latent lethal action of Azt, because the mortality of newly
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formed pupae was found in the most little % allover the pupal stage.
Generally, the calculated mortality % s for mid- and late-aged pupae were
consecutively correlated with the dose level. Also, the same trend was
seen to the total pupal mortality (25.0% at 0.005 pg/insect and 50.0% at
0.5 ug/insect).

Regarding to the results arranged in Table (1), water loss could be
largely considered as one of the important reasons of pupal death, since it
increased by ascending dose value of Azt and increasing mortality %.

The counted mortalities among adult weevils ensured the parallel
interrelation of potency of Azt to the dose value (ranging from 37.5%, at
the highest dose, to 12.5%, at the lowest one).

2) Effects on growth and development:

Concerning with prepupae treated topically with Joj, maximum
weights (Table 3) depleted significantly, especially at the higher five
dose-levels. The most reducing effect of this extract on maximum body
weights was estimated by using the highest dose level (2.57+0.45 mg vs
4.53+1.45 mg of controls), while the lower four dose-levels (0.05, 0.01,
0.005 & 0.001 pg/insect) slightly suppressed the maximum body weights.

In addition, this was reflected on the growth index, where its
smallest value was calculated after applying the highest dose level and its
largest value was recorded after applying the lowest dose-level until it
approximately reached the control index (6.50 and 7.20 at the lower two
dose levels vs 7.34 of control congeners).

On the other hand, topical application with Joj induced the
developmental rate and shortened the durations of prepupae. This
shortening was statistically significant at the higher two dose-levels
(5.40+£1.30 and 5.70+1.00 days after using 20.0 and 10.0 ng/insect,
respectively, vs 7.50, 1.92 days of controls). Data of the same table
evidently indicated the same trend of effect on pupae. This reducing
effect was remarkably detected after using the higher two doses
(4.50+0.20 days at 20.0 or 10.0 ug/insect vs 6.80+1.85 days of controls).

The body weights of newly formed pupae and late-aged pupae
were recorded. A great reduction of these weights were found after using
the majority of dose levels of Joj (For details, see the same table).

As obviously demonstrated in Table (4), Azt prohibited the
prepupae to be only with reduced body weights. This reduction in

283



prepupal weights was statistically significant at the higher three levels
(2.14+0.77, 2.95+0.57, 3.01+0.49 mg at 0.50, 1.00 and 0.05 pg/insect,
respectively, vs 4.53+1.45 mg of controls. Furthermore, the growth index
decreased but in no certain trend.

Also, the treatment with this extract shortened the duration of
prepupae and enhanced their developmental rates reaching 19.49 (vs
13.33 of control congeners) at the highest dose (0.5 ug/insect). At the
same dose level, the prepupal duration significantly shortened (5.13+0.55
vs 7.50+0.92 days of control congeners).

Considering the resulted pupae from these treatments, the same
effect was noticed for duration pronouncedly at the higher two doses
(4.0+0.10, 5.2+0.65 days, at 0.50 and 0.10 pg/insect, respectively, vs
6.8+1.85 days of controls). An acceleration in their development was
recorded by increasing dose level (for more details, see Table 4). The data
of the same table reflected a reduction in the body weights of newly
formed and late-aged pupae. This reduction was consecutively correlated
with the dose value.

3) Metamorphic and morphogenic effects:

It is clearly concluded from the data of Table (5) that Joj has no
effect on the pupation rate, in spite of its influence on the pupation
program because some different malformations were observed
increasingly by ascending dose-level.

On the contrary, adult emergence was blocked in different
percents, where the emergence decreased by increasing dose-level (75.0%
emergence blockage was calculated at the highest dose 20.0 ug/insect, but
no blockage was found at the lowest dose, 0.001 ug/insect). In regard to
the effect of this plant extract on the adult morphogenesis, such effect
decreases greatly by the decreasing dose level, until no deformed weevil
were seen at the lower four doses.

To clarify the metamorphic and morphogenic effects of Azt, Table
(6) showed no effect on the pupation rate at any dose-level, while the
pupal deformation percents increased by increasing the dose level (with
the exception of dose 0.05 ug/insect). The adult emergence was reversely
correlated with the dose-level, and adult deformation increased in this
direction.

Different categories of deformations were observed among pupae
as a response to the morphogenic activity of Joj. These deformed forms
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varied between dorso-ventrally-compressed body collapsed external
appendages and pale coloured pupae. These deformed pupae failed to
metamorphose into adult weevils (Fig. 1). Azt treatments caused almostly
similar deformations among pupae in addition to blackish body with
slightly charred wing pads (Fig. 3). Dealing with the adult weevils, Joj
treatments caused various degrees of deformation, such as: permanently
expanded membranous wings, remained pupal skin, failure of wing
formation and remained wing pads of pupae (Fig. 2). Azt treatment
resulted in such deformations in addition to other features such as
collapsed antennae, mouthparts and legs, formation of pitted elytra or
appearance of some protrusions on mouthparts (Fig. 4).

All parts of the neem tree (Azadirachta indica A. Juss) are
insecticidal although the seeds possess the largest concentrations of
azadirachtin, (Azt) a steroid-like tetranortriterpenoid. Neem seed
extracts have been tested against a large number of insects (e.g.: Ladd et
al., 1978; Larew et al., 1985; Saxena and Khan, 1985; Prabhaker et al.,
1986; Jilani et al., 1988; Larew, 1988; Zehnder and Warthen, 1988; Stark
et al., 1990; Lowery et al., 1993; Naumann et al., 1994; AliNiazee et al.,
1997; Ghoneim et al., 1998; Ghoneim et al.,, 2000). However,
Schmutterer and Singh (1995), as for example, listed 413 insect pest
species as sensitive to neem extracts. These extracts have wide ranging
biological activities against insects (Isman et al., 1990; Schmutterer,
1990) including feeding and oviposition deterrence (Rice et al., 1985),
impairing the development (Sieber and Rembold, 1983; Barnby and
Klocke, 1990), as well as inhibiting growth, mimicing the juvenile
hormone (Parakash and Rao, 1997). It is noteworthy to mention that, the
structural analysis of Azt indicates that it could act as a genotoxic
carcinogen (Rozencrantz and Klopman, 1995) and a study of Cohen et al.
(1996) suggests that the limonoids in the neem extracts could be cytotoxic
(Guerrini, 2000).

In the present study, Azt and Jojoba oil (Joj) have been used
against the red palm weevil, Rhynchophorus ferrugineus, comparatively,
to recognize and clarify some possible effects on different biological
criteria and physiological phenomena. The obtained results can be
discussed and comprehensively interpreted as arranged herein.

1) Lethality of Joj and Azt on Rh. ferrugineus.

Azt is a famous neem seed kernel extract, so it does not need to be
structurally shown now. On the other hand, Joj is a vegetable oil obtained
from the Jojoba bean. After the topical application of Joj (in a dose range
of: 20.0, 10.0, 1.0, 0.5, 0.1, 0.05, 0.01, 0.005 and 0.001 ug/insect) onto
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the prepupae of the present insect species, its lethal action did not exhibit
clearly in the early-aged pupae, but in the late-aged ones. A parallel
course, was obviously detected, to a large extent, between the mortalities
and the dose-levels. In respect to Azt treatments (with one of these dose -
levels: 0.5, 0.1, 0.05, 0.01, 0.005 or 0.001 ug/insect), a latent lethal action
was recorded since the mortality of newly formed pupae was found in the
least percent and then almostly increased by the age. After Joj treatments,
adult mortalities ranged from 12.5 to 37.3% with, however, no certain
trend of the effect was detected while Azt exhibited a mortal potency on
the adults in a dose-dependent manner.

Toxicity of neem extracts, such as Azt or different neem
preparations, had been reported by many authors against various insect
species. El-Sayed (1983) observed complete mortality at 0.2-0.5% of a
neem extract in the majority of larval instars of Spodoptera littoralis.
Osman (1993) observed some different mortalities of Pieris brassicae
after treatment of 1-day old 5" instar larvae with 5.0 and 2.5% Azt On the
otherhand, Jagannadh and Nair (1992) reported an acute toxic effect of
Azt applied against 5" larvae of Spodoptera mauritia.

Margosan-O (a neem preparation with 0.3% Azt content) strongly
affected the European corn borer, Ostrinia nubilalis, by feeding larvae on
0.25%-treated corn seedlings (Meisner et al., 1981) and caused
mortalities ranging from zero to 70 or 94% in the spiny boll worm Earias
insulana (Meisner and Nemny, 1992). The same neem preparation caused
complete larval mortality of the European leaf roller Archips rosanus,
within 48 h of the treatment (AliNiazee et al., 1997).

Using another neem preparation, NeemAzal (with 20% of Azt
content), Ghoneim et al. (2000) recorded various mortality percents
among larvae, pupae and adults of the Egyptian cotton leafworm S.
littoralis. The latter neem preparation exhibited various degrees of
lethality on the house fly Musca domestica which decreased if the
concentration decreased below 2000 ppm in the artificial diet of larvae
(Mohamed et al., 2000). However, so many results had been reported by
several authors for Azt or Azt preparations against different species (e.g.:
Meisner et al., 1981; Dorn et al., 1986; Osman, 1993; Osman and Bradly,
1993; Linton et al., 1997).

Death of treated insects may be due to the inability of the moulting
bodies to swallow sufficient volumes of air to split the old cuticle and
expand the new one during ecdysis, or to a metamorphosis inhibiting
effect of the plant extract, which is possibly based on the disturbance of
the hormonal regulation (Al-Sharook et al. (1991).
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On the other hand, prevention of ecdysis, and subsequently death,
could be attributed to the reduction in ecdysteroid peak or interference
with the release of eclosion hormone (Sieber and Rembold, 1983; Dorn et
al., 1986). For Joj only, El-Defrawi et al. (1965) suggested a possible
action of the vegetable oils that penetrate the integument of the insect to
affect presumably the nervous or respiratory system to exert the lethal
effect.

In addition, the present work may provide another factor and
possibility to explain the lethal action of Azt or Joj, since water loss of
pupae increased parallely to the increasing dose-level and increasing
mortality %. Such adverse process resulted in a degree of desiccation and
subsequently impaired some vital physiological events leading to death of
pupae, in particular.

2) Influence of Joj and Azt on growth and development of Rh.
ferrugineus:

The growth and development regulatory effects of Azt on insects
are well known. Treatment of insects, or their food with Azt causes
growth inhibition and increasing doses of Azt in larval instars result in
different forms of effect, one of them is extending the life period of larvae
which remain as ‘over-aged” larvae of a wide variety of insects, such as:
Lepidoptera (Arnason et al., 1985; Schluter et al., 1985; Barnby and
Klocke, 1987; Koul et al., 1987), Diptera (Zebitz, 1987; Miller and
Chamberlain, 1989), Orthoptera (Sieber and Rembold, 1983; Mordue
(Luntz) et al., 1985; Rao and Subrahmanyam, 1986; Ascher et al., 1989;
Champagne et al.,, 1989; Ghoneim and Ismail, 1995 a,b), Hemiptera
(Redfern et al., 1981; Koul, 1984; Garcia and Rembold, 1984; Dorn et
al., 1986), Coleoptera (Ladd et al., 1984; Schluter, 1985) and
Hymenoptera (Rembold et al., 1982, 1984).

In the present study, topical application of Joj onto the prepupae
led to pronounced suppression in the maximal body weights especially at
the higher five dose-levels. This was reflected on the growth because its
smallest index was calculated by the highest dose-level and vice versa..
Also, Joj enhanced the development because the prepupal duration was
significantly shortened especially at the higher two dose-levels. To a great
extent, similar results on growth and development of prepupae were
obtained by Azt

The present available data distinctly show a reducing effect of Joj
and Azt, generally, on the pupal body weight and stimulating action of
both extracts upon the development because the pupal duration was
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significantly shortened. Unfortunately, earlier instars of larvae had not
undergone to Joj or Azt application in the present work and only the
prepupae were the available larval shape for investigating the plant
extracts. However, the obtained results for prepupae in the present study
may be indicative for the effects which could possibly be exerted on
larvae.

Referring to the results obtained by various authors for different
insect species, as affected by Azt and other plant extracts, Jagannadh and
Nair (1992) recorded a prolongation of 5™ or 6" larval instars of S.
mauritia after Azt treatments. Amr et al. (1995) observed a significant
prolongation in the larval duration of S. littoralis by 3.0% concentration
of chloroform or ethanolic extract of Nerium oleander. Dissimilarly,
Darvas et al. (1996) recorded a shortening in the period required for
larval/puparial intermediate development of the sarcophagid Neobellieria
bullata by extracts of Ajuga reptans reptans. Another dipterous insect
(Muscina stabulans) was affected by ethanolic extracts of N. oleander in
remarkably prolonged larval and pupal durations (El-Shazly et al., 1996).
Such effect was recorded for the same species, also, by Khalaf and
Hussein (1997) after using the oils of C. citratus and Rosmarinus
officinalis.

Pronouncedly longer larval duration in the hemipteran, Spilostethus
pandurus was caused by Azt (EI-Sherif, 1998), in the orthopteran
Euprepocnemis plorans was caused by Margosan-O (Mohamed, 1998).
Mohamed et al. (2000) observed remarkedly depleted maximal body
weights in M. domestica larvae by feeding on the neem preparation
(NeemAzal)-treated diet, irrespective of the concentration level or the
starting instar. Also, they recorded conspeciously retarded larval
development at 2000, 1000 and 500 ppm of NeemAzal. In addition,
Ghoneim et al. (2000) observed tremendously depleted larval maximal
weights and body weight gain of S. littoralis by the treatment of 2" or 4"
instar larvae with NeemAzal.

On the contrary, Osman (1993) reported no significant effect of a
neem extract on the weight gain of P. brassicae larvae. Moreover, Azt
causes considerable delay (i.e. prolongation of the developmental
periods) or even complete inhibition of ecdysis (Sieber and Rembold,
1983; Gaaboub and Hayes, 1984; Dorn et al., 1986; Pener and Shalom,
1987). Also, injection of 1 ug Azt into Tenebrio molitor pupae induced a
delayed and reduced ecdysteroid peak, which inhibited the imaginal
moult (Marco et al., 1990).
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Anyhow, the suppressing action of Azt or Joj, in the present study,
as reflected in drastically reduced weights in both prepupae and pupae, as
well as decreased growth index of prepupae (which can be considered as
representative to the larvae in the present work) may be attributed to the
increased energy expenditure in order to detoxify the extracts within the
insect body (Schoonhoven and Meerman, 1978; Dowd et al., 1983; Al-
Sharook et al., 1991).

On the other hand, growth inhibition in insects, by the action of
Azt or other plant extracts are thought to result from a blocked release of
morphogenic peptides, causing alterations in ecdysteroid and juvenoid
titers (Sieber and Rembold, 1983; Barnby and Klocke, 1990; Linton et
al., 1997). Also, some possible direct effects of Azt and Joj on tissues and
cells undergoing mitosis may have occurred (Nasiruddin and Mordue,
1994).

With regard to the hastening of development which have been
evidently conceived by the shortening effect of Azt or Joj on prepupae
and pupae of Rh. ferrugineus, in the present study, be explicated by a
specific physiological elasticity in the insect body enabling it to overcome
the adverse condition (penetrating extract) by shortening the time interval
into a period during which the insect would be more tolerant. We have no
more than this rationally conceivable interpretation of the hastened
development during a shortened duration, right now.

3) Metamorphosis and morphogenesis of Rh. ferrugineus as affected
by Joj and Azt

Moulting inhibition had been reported for neem and neem
derivatives (Schmutterer, 1990). Azt exhibits several morphogenic effects
in a number of insect species which can be due to delayed or suppressed
ecdysteroid titers (Rembold and Sieber, 1981; Sieber and Rembold, 1983;
Rembold, 1984; Schluter et al., 1985; Mordue (Luntz) et al., 1986; Zhang
and Chiu, 1987; Smith and Mitchell, 1988; Jagannadh and Nair, 1992).

Neither Joj nor Azt affected the pupation rate of Rh. ferrugineus -in
the present study- in spite of their influence on the pupal program because
various pupal malformations were observed increasingly as the dose-level
of these botanicals increased. Pupal deformities varied between dorso-
ventrally compressed body and collapsed appendages and failed to
metamorphose into adult weevils. Although the pupation rate had not
significantly influenced, adult emergence was blocked in different
percents, in the case of Joj, and reversely correlated with the dose-value,
in the case of Azt Adult deformities varied between permanently
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expanded membranous wings, failure to form elytra, collapsed external
appendages and appearance of pits on elytra.

The present results of unaffected pupation rate disagreed with the
pupation inhibition recorded by many authors for different insect species
due to Azt and various plant extracts (Jagannadh and Nair, 1992; Abou
El-Ela et al., 1995; El-Shazly et al., 1996; Khalaf and Hussein, 1997;
Youssef, 1997; Ghoneim et al., 2000; Mohamed et al., 2000). Inhibition
of adult eclosion by both Joj and Azt seemed to be in accordance with
several findings of many authors (El-Sayed, 1983; Al-Sharook et al.,
1991; Khalaf and Hussein, 1997; Ghoneim et al., 2000; Mohamed et al.,
2000).

Whereas the present study reported no larval pupal or pupal-adult
intermediates, various pupal and adult deformities had been observed as
previously mentioned. To a great extent, similar results had been obtained
in Bombyx mori by Azt (Koul et al., 1987), in Spodoptera litura by Azt
(Gujar and Mehrota, 1983), in Aedes aegypti by Azt (Naqvi, 1986), in M.
stabulans by some plants extracts and oils (El-Shazly et al., 1996; Khalaf
and Hussein, 1997); in M. domestica by Azt (Wilps, 1989).

In spite of the great variety of pupal deformations in different
insect species by different plant extracts, such deranged or halted program
of pupation in the present study may be attributed to the absence of
necessary titer of ecdysteroids needed for achieving the larval-pupal
transformation normally (Jagannadh and Nair, 1992). The appearance of
deformed pupae by the action of Azt or Joj may be, also, due to the
alterations in ecdysteroid and juvenoid titers (Kauser and Koolman, 1984;
Schluter et al., 1985; Barnby and Klocke, 1990). Also, the suggestion of
hormonal influence by Azt was explained by the production of
malformed pupae (Smith and Mitchell, 1988).

Another conceivable suggestion is that Azt or Joj may indirectly
affect the prepupal release of ecdysteroid, by interfering with the
neuroendoerine sites of release of tropic hormones, especially the
prothoracicotropic hormone. Such effect of Azt on the neurohormones
was reported in a few species (Dorn et al., 1986; Jagannadh and Nair,
1992).

Effect of Azt or Joj on the adult morphogenesis of Rh. ferrugineus
in the present study was suggested by almostly similar finding in different
insect species by various plant extracts (El-Sayed, 1983; Schmutterer,
1989; Al-Sharook et al., 1991; Khalaf and Hussein, 1997; Ghoneim et al.,
2000; Mohamed et al., 2000). The impaired pupal-adult transformation
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resulting in adult deformities may suggest a persistent metamorphic and
morphogenic actions of Azt (or Joj) vis its effect on the hormonal events
(Schluter et al., 1985; Schmutterer, 1990; Ali Niazee et al., 1997;
Ghoneim et al., 2000).
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Fig. (1): Topical application of 20.0, 10.0, 1.0, 0.5, 0.1, 0.05, 0.01 and
0.005 pg/insect of Jojoba onto prepupae of Rh. ferrugineus
resulted in different categories of deformed pupae as follows: a)
Dorso-ventrally compressed pupae. b) Pupae had collapsed
antennae, mouth parts and legs. c) Pale yellowish pupae. All
pupae failed to metamorphose into adult weevils and died as
pupae.
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: Topical application of the doses 20.0, 10.0, 1.0, 0.5 and 0.1

ug/insect of Jojoba onto prepupae of Rh. ferrugineus resulted in
the following categories of deformed adult weevils: a) Adult
had permanently expanded membranous wings. b) Lateral side
of adult which could not to emerge completely from the pupal
skin. ¢) Adult faild to form wings and the wing pads of pupae
still occurred. The upper photo shows some normally formed
adult weevils.
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Fig. (3): Topical application of the doses 0.5, 0.1, 0.05, and 0.001
ug/insect Azadirachtin onto prepupae of Rh. ferrugineus
resulted in the following categories of deformed pupae: a)
Blackish pupae with slightly burned wing pards. b) and c)
Pupae had collapsed antennae, mouth parts and legs. The right
photo shows a normally formed pupa.

L
=
I

302



Fig. (4): Topical application of the previously mentioned dose levels of
Azadirachtin onto prepupae of Rh. ferrugineus resulted in the
following categories of deformed adult weevils: a) Adult failed
to form wings and abdomen attached to the pupal exuvium. b)
Ventral side of an adult to show collapsed mouth parts and
curved antennae. ¢) Impaired left elytron with deep pit and right
membranous wing exposed outside the elytron. d) Ventral side
of an adult to show some protrusions of mouth parts and
abnormal antennae.
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TESTING DIFFERENT METHODS OF CONTROL AGAINST
LESSER DATE MOTH (Batrachedra amydraula Merck)
ATTACKING HAJRI VARIETY AND THEIR EFFECT ON YIELD
AND FRUIT QUALETY OF DATES

Ahmed Omer Aljirradi * and Mobark Awad Bamiftah

Seiyun Agriculyural Research Station
P.O. Box 9041, Hdhramout Governorate, Yemen

ABSTRACT

The trails were carried out during the seasons 1993 and 1994 in
Hadhramout Wadi to test different methods of control against lesser date
moth (Batrachedra amydraula Merck) attacking the fruits of Hajri variety
and the effect of these methods of the control on the yield and quality of
fruits. The treatment as following: 1. Control (with out treatment), 2.
Bagging aspadices with pored paper sacks, immediately after pollination
and left them up to the bending, 6 week after fruit set, 3. Bagging the
30% thinned aspadices with pored paper sacks immediately after
pollination and left them up to the bunch bending, 6 weeks after fruit set,
4. Spraying the bunches with malathion 50% at the rest of 2,5 ml of
malathion per liter of water, Application of thin layer of sesame oil on the
bunches at the time of bunches bending, 6 weeks after fruit set. The
results indicated that different methods of control gave reasonable
protection of fruits and minimize the attack of lesser date moth as
compared with control treatment. Bagging the bunches with pored paper
sacks after pollination and left up to the bunches bending gave higher
yield and lower mean damage by the moth , but gave lower fruits quality
while the other bagging treatment gave the lower mean damage and best
fruit quality, but gave lower yield. The chemical treatment, malathion,
came second in yield and almost the same as the fruits quality of the
sesame oil treatment and the control.

INTRODUCTION

Date palm (Phoenix dactylifera L.) is regarded to be the most
important fruit crop in Hadhramout Wadi; (HW). The number of trees in
H. W is more than 1797300 (Abed El Hussein, 1977). There are 45
varieties in H W of which Mejvaf, Gizaz, Madeni, Hajri, Hamra, Seraie.
The fruits of these varieties are usually attacked by several pests and
mites. Of these pests, lesser date moth is considered to be the most
important fruit pest in H W. Considerable damage was found in HW and

304



other parts of the world (Blumber, D., 1975; Blumber, D., et al., 1977;
Khalid, S.A. et al., 1993). The damage by this pest is differ from one
variety to another (Haidari, 1980; Haidari et al., 1975; Haidari, 1986).
Angood (1975) stated that the damage might reach 80 % while we
estimated the damage in Hajri variety by 100%.The Hadhrami farmers
usually apply sesame oil to the fruits in the strands just two weeks after
pollination as well as using insecticides to control lesser date moth. These
insecticides are effective in reducing the population of lesser date moth
(Ba Angood 1978, Abdul Jabbar et al., 1982; Blumberg et al., 1997). The
continuous use of these insecticides against the lesser date moth may lead
to the development of resistance, Because of resistant, the risks of the
insecticides to farmers, natural enemies (Chrysopa sp.) and environment
we look for ward to introduce safer and cheaper methods that can
minimize the damage as well as improve the fruits quality of the dates.

MATERIALS AND METHODS

The trails were conducted in AlGhurfer in HW- Sixteen in the first
year and 20 in the second year of Hajri variety in the same age (25 years)
were selected for the trails. The trees were planted on a main canal,
irrigated almost every day. The trees were pollinated in January and
February with vital pollen grains taken from one male tree. Each tree has
only eight bunches. Treatments are as fallow: Bagging (45 x 90 cm)
aspadices with pored (25 mm) sakes immediately after pollination and
left them up to the bunch bending, 6. weeks after fruit set. Bagging the 30
% thinned aspadices with pored paper sacks immediately after pollination
and left them up to the bunch bending, 6. weeks after fruit set. Spraying
the bunches with malathion 50 % at the, rate of 2.5 ml of malathion per
liter of water. Application of thin layer of sesame oil on the bunch, at the
rate of 10 ml per bunch, at the time of bunch bending, 6 weeks after fruit
set. Control (without treatment).

The treatments were replicated four times. Randomize complete
block design was used. The data was analyzed by Duncan. Insects
inspection: One strand from each bunch was introduced in a poly
ethylene bag and cut with a scissors. The bags were taken to the
laboratory. These samples were taken just before spraying and 3 days, 10
days later. The number of healthy and damaged fruits were counted. The
fruits on the trees were ripen in September and harvested. The weight of
yield from each tree was recorded. 25 fruits were taken to measure the
length, diameter and weight.
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RESULTS AND DISCUSSIONS

The results of the trails indicated that different treatments of
control gave reasonable protection against lesser date moth as compared
with control treatment after ten days of application significant differences
(5%) in the infestation was found between treatments and the control.
However there was no significant differences among these treatments.
Bagging the bunches just after pollination minimized the damage of the
fruits and reduce the infestation of lesser date moth, and increase the size
of the fruits at the early stage of the fruits growth, but not at later stages
of the fruits growth, the increase in size of the fruits buy the enlargement
of the cells of fruits when they are covered with paper sacks. After the
removal of the sacks, the cells did not enlarge that much in the un thinned
bunches because of the high number of the fruits in the strands and the
bunch. The lower infestation by lesser date moth in the bagging and un
thinned treatment lead to increase the number of the fruits in the strands
and therefore increase the yield of the trees- Further more the lower
infestation by lesser date moth in the thinned treatment lead to increase
the size, diameter and length of the fruits, because of accumulation of the
food in a limited number of fruits in the strands and bunches, but it
reduce the total yield of the tree. This agreed with the results obtained by
Abbas (1990). Among the bagging treatments there is a significant
difference (50 %) in the yield. The higher yield was obtained by the un
thinned treatment. But there is no significant difference (5%) in the
infestation. The application of malathion insecticide to the bunches,
protected the fruits from the increase infestation of lesser date moth. After
ten days of application the infestation decrease than before the
application. The yield obtained from this treatment is coming next after
bagging and thinned treatment and there is no significant difference in the
yield and infestation between them.

The application of sesame oil to the fruits protect these fruits from
further infestation. The infestation did not increase after the application of
sesame oil and it remain as before the application. The yield obtained
from this treatment is lower than the above treatments. The high number
of the fruits in the strands and the bunch affect the diameter, length and
weight of the fruits. Therefore the bagging and un thinned treatment gave
the lowest quality of fruits as compared with other treatments. In the
other hand, the bagging and thinned treatment gave the best length and
weight of the fruits. This agreed with the findings of Abass et al., 1980;
Khairi et al., 1983, Hussein 1970, Hassam et al., 1988. The control and
oil application treatments almost have the same fruit quality and came
next of bagging thinned treatment.
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Mean number of damaged fruits by lesser date moth

Mean No . of damaged fruits

Treatments Rate before 3 days after | 10 days
spraying spraying after
spraying
Bagging aspadius 1.91 26 B 18 B
Bagging the 30 % 15 38 B 25 B
thinned aspadices
Malathion 50% 2.5 ml per liter of | 3.6 30 B 26 B
water
Sesame ol 10 ml 3.5 3.2 B 36 B
Control 3.2 72 A 71 A
S.E. 0.95 0.78 0.95
Mean yield (kg) per tree and mean diameter ( mm), length (mm) and
weight (g) of fruit
Treatment Yield(kg)/tre | Diameter Length  mm/ | Weight(g)/fru
e (mm)/ tree fruit it
Bagging aspadices 50.560 A 195 B 350 C 59 C
Bagging 30% thinned | 27.100 B 225 A 420 A 8.6 A
aspadices
Malathion 50% 40.010 AB 21.8 A 37.0 BC 7.1 B
Sesame oil 28.050 B 21.7 A 38.5 ABC 7.8 AB
Control 22.380 B 225 A 38.8 AB 8.0 AB
S.E. 7.81 0.66 1.10 0.34

No significant difference in the fingers fallowed by the same litters .
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LIFE PARAMETERS OF THE RED PALM WEEVIL,
RHYNCHOPHORUS FERRUGINEUS OLIV., ON SUGARCANE
AND AN ARTIFICIAL DIET
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UAE University, P. O. Box 17555, Al-Ain, U.A.E.

ABSTRACT

Various parameters of the life cycle were obtained for the red palm
weevil, Rhynchophorus ferrugineus Olivier, reared on stem pieces of
sugarcane and on an artificial diet. The average number of eggs deposited
per female was 135 eggs (range: 120 — 185) and 185 eggs (range 145-265)
for those females reared on an artificial diet and sugarcane, respectively.
The average number of eggs deposited per female per day was 2.1 and 3.0
eggs, and the percentage of hatchability (viability of eggs) was 77.7% and
75.1% when females reared on an artificial diet and sugarcane, respectively.

The pre-oviposition period was 3.4 d (range: 3 — d) on both food
types. The oviposition period for females reared on a diet and sugarcane was
3.7 and 3.6 d (range: 3 4 d), respectively. No significant differences in the
developmental time of larvae occurred when reared on a diet (91 D) and
sugarcane (82 d). No differences in the developmental time of pupae
occurred when larvae reared on a diet (21 d) and sugarcane (19 d).

The longevity or developmental time of adults previously reared on
sugarcane was significantly longer than those fed on an artificial diet. No
significant differences in the development time occurred between males and
females reared on either a diet or sugarcane. The generation span (a time
period from the pre-oviposition period to emergence of adults from cocoons)
was 118.1 d and 107.0 d on a diet and sugarcane, respectively.

The mean total number of eggs laid by females, eggs 30 d after one
full copulation with males of similar age, and rate of egg hatching decreased
significantly with increasing weevil age, and ranged from 65.5 eggs from 1-
d-old female to 43.5 eggs from 45-d-old female. The rate of egg hatching
also decreased significantly (P < 0.05) with increasing weevil age, and
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ranged from 75.6% from 1-d-old weevils to 47.4% from 45-d-old weevil.
The short copulatory period was adequate for insemination of the female
during copulation.

Key words: Rhynchophorus ferrugineus, diet, fecundity, fertility
INTRODUCTION

The red palm weevil, Rhynchophorous ferrugineus Olivier (Coleoptera:
Curculionidae), is an economically important, tissue-boring pest of date
palm in many parts of the world. The insect was first described in India as a
serious pest of coconut palm (Lefroy, 1906; Nirula, 1956) and later on date
palm (Lal, 1917; Buxton, 1918). The insect is a major pest of date palm in
some of the Arabian Gulf States including Saudi Arabia, United Arab
Emirates, Sultanate of Oman, and Egypt (Cox, 1993; Kaakeh at al., 2001b).
The agroclimatic conditions prevalent in this region and the unique
morphology of the crop, coupled with intensive modern date palm farming,
have offered the pest an ideal ecological habitat (Abraham et al., 1998).

The symptoms of R. ferrugineus attack to date palm was summarized
by Kaakeh et al. (2001b). Damage was categorized by the presence of
tunnels on the trunk and base of leaf petiole, oozing out of thick yellow
brown fluid from the tunnels, appearance of frass in and around the openings
of tunnels, fermented odor of the fluid inside the infested tunnel, appearance
of a dried offshoot, production of a gnawing sound by the grubs, presence of
cocoon/adults in the leaf axiles, and breaking of the stem or toppling of the
crown when the palm is severely infested.

Detailed life cycle of laboratory-reared R. ferrugineus was reported on
date palm trunks (EI-Ezaby, 1997) and sugarcane (Rahalaker et al. 1972;
Aldhafer et al. 1998). The objective of this study is to determine the various
life parameters of the red palm weevil collected from the field in UAE and
reared on sugarcane and an artificial diet. Specific objectives were to (1)
estimate the fecundity and egg viability (percentage of egg hatch), (2)
determine the larval and adult developmental time, and (3) determine the
effect of adult age on egg production.
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MATERIALS AND METHODS

Test Insects

Insects used in this study were originally obtained from infested palm
trees in Masafi area in the Sharja Emirate in 1997. Insect culture was
maintained in a rearing room, at the Plant Protection Laboratory, at 24+2°C,
70+5% RH, and a photoperiod of 12 : 12 (L:D) h. Larvae (Figure 1) were
provided with sugarcane for feeding, while the adults with cotton wicks
saturated with a sugar solution for feeding and egg laying. Adults were
sexed after emergence from cocoons and kept separately in small jars prior
to the beginning of the observations. Sexing of adults was done according to
the presence of a series of black hairs on the dorsal, frontal part of snouts of
males and their absence in the females (Figure 2).

Figure 1. Different larval stages of R. ferrugineus.
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Figure 2. Male (right) and female (left) R. ferrugineus. Males are
characterized by the presence of a series of black hairs on the dorsal, frontal
part of snouts; females do not have hairs.

Artificial Diet

The artificial diet, used in this study, was prepared in the laboratory
and consisted oat (57%), sugar (22%), molasses (11%), brewers yeast (9%),
and salt (1%). The ingredients and water (1 - 2 liter of water for a diet
weighing 500 - 1000 g) were blended for approximately 5 minutes. The diet
also included bacto-agar, multi-vitamins, chemical preservatives. Bacto-agar
was dissolved in water and added to other ingredients. The mixture of the
diet was then autoclaved for 20 min at 120°C. The diet was poured in diet
stainless-steel round trays or cups while still warm. All trays and cups were
stored at room temperature until required. Larvae were placed on diets after
total coolness. The authors illustrated the methodology of rearing R.
ferrugineus in sugarcane and artificial diets (Kaakeh at al. 20014, in press).

Adult Fecundity and Egg Viability

Cocoons, harvested from the sugarcane stems were placed in plastic
containers until adult emergence (Figure 3). Adults after emergence were
sexed and one male and one female were placed in small 1-liter glass jars (n
= 35). Adults were provided with cotton wicks saturated with a 10% honey
solution for feeding and egg laying. Jars were staked side by side (or on the
top of each other) on working benches. Few holes were made on all lids of
boxes and jars for ventilation. Paired males and females were kept together
for 63 days. Deposited eggs (Figure 4) were transferred from the cotton
wicks, using a camel hair brush, and placed on wet filter papers inside the
Petri dishes. The total number of eggs deposited from each female, and the
number of hatched eggs and hatching rate (%) were determined.
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Larvae and Adult Development Time

Newly hatched larvae on cotton wicks were transferred with a camel’s
hair brush to an artificial diet or pieces of sugarcane stems (the diameter of
stems was based on the size of larvae at different developmental stages)
(Figure 5, 6). Last larval instars fed on an artificial diet were transferred to
sugarcane stems to make cocoons. The developmental characteristics of
adults were recorded.

Effect of Adult Age on Egg Production

To determine the effect of age of mated females on the production of
eggs 30 d after one full copulation, females of different ages (1, 7, 21, and
45 d; n = 12) were separated from males after the termination of copulation.
Each female was placed in a jar and provided with one cotton wick saturated
with sugar solution for feeding and egg laying. The cotton wick was
replaced weekly and the number of eggs recorded. The viability of the eggs
was determined by counting the number of hatched larvae. LSD test was
used for data analysis (SAS, 1990).
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Figure 3. Cocoons and adults of R. ferrugineus. (A) Cocoons, (B)
Emergence of an adult, and (C) Adults.
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Figure 6. Development of R. ferrugineus larvae on an artificial diet.
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RESULTS AND DISCUSSION

Adult Fecundity and Egg Viability

The average number of eggs deposited per female was 135 eggs
(range: 120 — 185) and 185 eggs (range 145-265) for females reared on an
artificial diet and sugarcane, respectively (Table 1). These numbers are
comparable to the previous estimate of 127-276 eggs (Ghosh, 1912), 162-
350 eggs (Viado and Bigornia, 1949), 204 eggs (Frohlich and Rodewald,
1970), and 77-283 eggs (El-Ezaby, 1997). The numbers also are lower than
the previous estimate of 531 eggs (Leefmans, 1920), 355-760 eggs (Nirula,
1956), 200-500 eggs (Lever, 1969; Hartley, 1977), and 55-412 eggs
(Aldhafer et al., 1998).

In this study, the average number of eggs per female per day was 2.1
and 3.0 eggs deposited by females reared on a diet and sugarcane,
respectively (Table 1). The percentage of hatchability (viability of eggs) was
77.7% and 75.1% when females reared on a diet and sugarcane, respectively
(Table 1). These results agree with the estimates of 79% and 83% egg
viability when females reared on coconut and sugarcane, respectively
(Nirula, 1956), 87% (Leefmans, 1920), 86% (Viado and Bigornia, 1949),
and 65-95% (Aldhafer et al. 1998). The rate of egg hatching increases as
temperatures increases 9el-Ezaby, 1977). The comparable and lower
estimates of fecundity and egg viability by this study and the previous
studies may have been due to suboptimal conditions (food type, temperature,
and rearing methodology), decreasing or increasing the number of eggs
deposited by the females and the rate of egg hatching. In addition, males in
this study were confined with females throughout the course of the study.
The presence of males in small jars may have interfered with oviposition or
increased damage to larvae and eggs (Giblin-Davies et al. (1989). Rannavare
et al. (1975) reported that R. ferrugineus females laid less eggs when
confined with males than without.

Larvae and Adult Development Time

No significant differences in the pre-oviposition period and
oviposition period when females reared on a diet or sugarcane (Table 2).
The pre-oviposition period was 3.4 d (range: 3 — d) on both food types. The
oviposition period for females reared on a diet and sugarcane was 3.7 and
3.6 d (range: 3 4 d), respectively. These results agree with the estimate of 3-4
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d (Ghosh, 1912; Aldhafer et al. 1998), 3-5 d (Frohlich and Rodewald, 1970),
3d (Lever, 1969; Hartley, 1977) and 4.5 d (El-Ezaby, 1977).

No significant differences in the developmental time of larvae
occurred when reared on a diet (91 D) and sugarcane (82 d) (Table 2).
These time periods were similar to previous estimates of 60-120 d (Lever,
1969) and 69-85 d (El-Ezaby, 1977). In other cases, our results are not
comparable (lower or high) with the estimates of 30-35 d (Ghosh, 1912), 35-
38 d (Viado and Bigornia, 1949), 55 d (Nirula, 1956), 60 d (Hartley, 1977),
105 d (Leefmans, 1920), and 165-182 d (Aldhafer et al. 1998).

No differences in the developmental time of pupae occurred when
larvae reared on a diet (21 d) and sugarcane (19 d) (Table 2). The results
agree with the estimates of Aldhafer et al. (1998) where the pupal period last
for 21.1 d (range: 19-25 d) for males and 23.3 d (range: 21-26 d) for females.

The longevity or developmental time of adults previously fed (i.e.,
reared during their larval stages) on sugarcane was significantly (P < 0.05)
longer than those fed on an artificial diet (Table 2). The apparent differences
of development period of adults on sugarcane was not clearly understood,
especially that the oviposition, larval, and pupal periods were similar for
both adults previously reared on a diet and sugarcane. The development
times of adults reported here were similar to the previous estimates of 50-90
d (Ghosh, 1912), 83.6 d for males and 60 d for females (Viado and Bigornia,
1949), and 60-90 d (Nirula, 1956). The results were considerably lower than
those reported by Aldhafer et al. (1998), where the adult longevity period
was 161 d (range: 67-257 d) for males and 113 d (range: 70-150 d) for
females; and 90-120 d (Lever, 1969) and 120 d (Hartley, 1977). No
significant differences in the development time occurred between males and
females reared on either a diet or sugarcane. The development time of males
and females on a diet was 49.0 d and 44.5 d, respectively, while the
development time on sugarcane was 75.0 d and 84.0 d, respectively.
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Table 1. Production of eggs by females R. ferrugineus kept with males
for 63 days and exposed to multiple copulations.

Food type at  No. eggs No. eggs per No. hatched %

larval stage  per female female per day eggs hatching
Artificial diet 135D 2.1 105Db 77.7 a
Sugarcane 185a 3.0 137 a 75.1a

Means, in the same column, followed by the same letter are not
significantly different at the P = 0.05 level (LSD test, SAS, 1995).

Table 2. The developmental time (d) of different stages of R. ferrugineus
reared on sugarcane and an artificial diet.

Food Type
Criteria (days) Oat-based Diet ~ Sugarcane
Pre-oviposition period 34a 34a
Oviposition period 3.7a 3.6a
Larval period 91.0a 82.0a
Pupal period 21.0 a* 19.0a
Adult male development time 49.0b 75.0a
Adult female development time 445D 84.0 a
Generation span** 118.1** 107.0

Means, in the same raw, followed by the same letter are not

significantly different at the P = 0.05 level (LSD test, SAS, 1995).
* Last larval instars were transferred to pieces of sugarcane stems for

pupation.
** Generation span includes a time period from the pre-oviposition period to
emergence of adults from cocoons (pupal period).

The generation span (a time period from the pre-oviposition period to
emergence of adults from cocoons) was 118.1 d and 107.0 d on a diet and
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sugarcane, respectively (Table 2). These time periods were similar to
previous estimates of 96 d (Nirula, 1956), 100.5 d for the first generation
(El-Ezaby, 1997). The generation times reported here were considerably
lower than the estimates of 95-210 d (Kalshoven, 1981) and 223 d (Aldhafer
et al, 1998).

Effect of Adult Age on Egg Production

The effect of age of mated females on the production of eggs 30 d
after one full copulation with males of similar age, and the rate of egg
hatching is given in Table 3. The mean total number of eggs laid by the
females decreased significantly (P < 0.05) with increasing weevil age, and
ranged from 65.5 eggs from 1-d-old female to 43.5 eggs from 45-d-old
female. The rate of egg hatching also decreased significantly (P < 0.05) with
increasing weevil age, and ranged from 75.6% from 1-d-old weevils to
47.4% from 45-d-old weevil.

Females separated from males for periods as long as 30 d still
produced fertile eggs. This may indicate that sperm from one mating can
produce fertile eggs for the reproductive life of the female. The high
capability of females R. ferrugineus for sperm storage would assure the
continuation of production of offspring under low densities and where the
chances of encountering a mate would be greatly reduced. The short
copulatory period (2.9 — 4.8 min) reported previously (Kaakeh, 1998) was
adequate for insemination of the female during copulation. Females may not
need to frequently mate with other males. Insemination of the female by
several males may be necessary in the field for maintaining genetic
variability in the population.

All parameters were estimated at constant temperatures under
laboratory conditions. Therefore, direct comparison with results reported
here cannot be made, but similar trends are evident. Under field conditions,
many factors such as ambient temperatures, affect developmental and
reproductive times and enhance the fecundity at different times over constant
temperatures.
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Table 3. Production of eggs by females R. ferrugineus mated with males
of similar age, 30 days after one full copulation.

Age of mated female, d

1 7 21 45
No. of Eggs Laid 65.5a 68.0 a 51.b 43.0c
No. of Eggs Hatched 49.5 41.0 25.3 20.4
Hatching Rate (%) 75.8a 60.3 b 49.1c 47.4 c

Means, in the same raw, followed by the same letter are not
significantly different at the P = 0.05 level (n = 12; LSD test, SAS, 1995).

Fecundity of R. ferrugineus varies among individuals within the same
population fed on different food types (unpublished data). Feeding on
different host species or varieties may result in different fecundity rates. In
this study, differences were detected in weevil life parameters on different
food types. Differences in total fecundity appeared more closely related to
insect physiology than to any other factors.

Many factors, both density dependent and independent (such as day
length, light intensity, and tree nutrition), affect weevil developmental time
and growth rate in the field; some of which were controlled in this study.
Other factors affecting the variability in weevil performance were not
controlled and were difficult to quantify. Temperature fluctuation may
directly affect the weevil itself through its effect on developmental time,
total fecundity, fertility rate, and survival of weevils. The high temperatures
during the summer in UAE might have reduced the reproductive rates and
increased the mortality rates of weevils in the field.

The interrelationship of various factors regulating weevil population
may not necessarily all apply, or have the same importance for every
individual, or at different population densities, and locations. However,
when normal regulating mechanisms break down as a result of unusual
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phenomena, conditions of weevils may change. Variations in results between
food types, locations of experiments, would be expected when experiments
are conducted under different conditions.
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ABSTRACT

Tests were conducted to determine the feasibility and the effect of
using pheromone/food-baited traps in a trapping system within a commercial
date palm plantation on the spatial dynamics of the red palm weevil
(Rhynchophorus ferrugineus Oliv.) (RPW). One registered pheromone lure
(Ferrolure+ or called pheromone 7 in the test) and four experimental
aggregation pheromone lures (called pheromone 5, 6, 8, and 9) were
evaluated in ten farms from 1998 to 2000. The effect of trapping on the
spatial patterns was based on the number of weevils caught per trap per
specific period. Efficacy of various pheromones used was determined based
on the number of weevils caught per trap per time period and the percentage
of tree infestations. There was a variation in trap catches of the pheromone
lures used during the growing seasons. Two major population peaks were
noticed: the first peak started early-March and ended mid-May; the second
peak started mid-September and ended late-December. The total number of
infested trees was significantly decreased compared with the previous years
where chemicals were used for the control of the weevil. The percentage
reduction of infestation was 90.4, 90.9, and 100% for the treatments of
pheromone lures 5, 8, and 7, respectively. The ability of the tested
pheromones to capture more females than males in the traps makes trapping a
potential tool for managing this economic insect. The release rate of the
pheromone lures influenced the efficacy of the pheromone in attracting the
adults. The results presented here are promising in utilizing pheromones-
food baited traps for reducing RPW populations and protecting palm trees
from RPW infestations within the field. If large-scale tests are desired,
pheromones lures 5, 7, and 8 could be selected for further evaluation and/or
commercial use.
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INTRODUCTION

The red palm weevil (RPW), Rhynchophorus ferrugineus Oliv.,
(RPW) (Curculionidae: Coleoptera), is an economically important, tissue-
boring pest of date palm in many parts of the world. The insect was first
described in India as a serious pest of coconut palm (Lefroy, 1906) and later
on date palm (Madan Mohan Lal, 1917; Buxton, 1918). The weevil was
recorder later in Seri Lanka, Indonesia, Burma, Punjab, and Pakistan
(Laskshmanan, 1972). Currently, the insect is a major pest of date palm in
some of the Arabian Gulf States including Saudi Arabia, United Arab
Emirates, Sultanate of Oman, and Egypt (Cox, 1993; Abraham et al. 1998).
The agroclimatic conditions prevalent in this region and the unique
morphology of the crop, coupled with intensive modern date palm farming,
have offered the pest an ideal ecological habitat (Abraham et al., 1998).

Current strategies for management of R. ferrugineus infestations
involve monthly surveys of all palms in infested regions. Infested palms are
removed and infected parts are sectioned and buried. As a preventative
measure all palms in infested areas are sprayed to run off with a variety of
insecticides. Because of the environmental pollution and economic costs of
continuous insecticide spraying, more environmentally and economically
acceptable alternatives are being sought to aid in the management of this
pest.

The recent discovery of the male-produced aggregation pheromone
[ferrugineol, 4-methyl-5-nonanol] for R. ferrugineus (Hallett et al. 1993a, b)
made the implementation of pheromone-based monitoring and trapping of
this weevil possible for the management of this pest. Gunawardena and
Bandarage (1995a) found that at a release rate of 0.38 mg synthetic
ferrugineol/day from capillaries suspended in bucket traps filled with soap
water, significantly caught more weevils compared to a control trap in the
field They also found (1995b) that a combination of ferrugineol with 5
alcohols (n-propanol, n-butanol, n-pentanol, n-hexanol, and n-nonanol) were
field-tested as baits. A significantly higher catch of 0.85 weevils/day/trap,
was obtained with ferrugineol and n-pentanol. In a recent study, El-Garhy
(1996) reported that catch rates were highest during the period from April to
June (50-65 weevils), which corresponds to the warmer weather in Egypt.
El-Ezaby et al. (1998) reported maximum catches in March and April.
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Aggregation pheromones have been reported as effective tools for
monitoring and trapping RPW in the field (Gunnawardena and Badarage,
199543, b; El-Ezaby et al., 1998; EI-Garhy, 1996). The objective of this study
was to determine the feasibility and the effect of using pheromone-food
baited traps in a pheromone trapping system within a commercial date palm
plantation, in the United Arab Emirates, on the spatial dynamics of R.
ferrugineus. Specific objectives were to (1) determine the seasonal
variations of abundance of adults RPW and the effectiveness of pheromone-
food baited traps for monitoring and controlling populations, (2) determine
the effect of trapping on the level of infestation by RPW to date palm trees,
and (3) determine the release rates of the tested pheromone lures.

MATERIALS AND METHODS
Pheromone Lures

Five aggregation pheromone lures were evaluated for RPW catch in
the field (Figure 1). Lures were different in their components and thickness
of their walls that affect the release rate, also differences in the % purity of
the active ingredient. One registered commercially available pheromone lure
was used under the trade name ferrolure+ or pheromone lures
Rhynchophorus ferrugineus (ChemTica International Co., Costa Rica). The
components of this pheromone lure are 4-methyl 1-5-nonanol (9 parts) + 4-
methyl nonanone (1 part) - purity 99.9% + 0.1% colorant and 0.1%
antioxidant. Ferrolure+ was compared with four other pheromone lures
contained 4-methyl-5-nonanol (96.5% purity) with isomers (4S, 5S- = 30%,
4R, 5R- = 30%, 4R, 5S- = 20%, 4S, 5R- = 20%) (SciTech, Czech Republic
and IPM Technologies, USA). In our study, ferrolure+ called pheromone 7
or pheromone control; the other four pheromone lures called pheromone 5, 6,
8, and 9. Pheromones 7 and 8 contained an attractant.
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Figure 1. Various types of pheromone lures used for monitoring R.
ferrugineus.

Components of the Pheromone-Food Baited Trap

The standard pheromone-food baited trap (figures 2 and 3) used in
UAE farms consisted of (a) a 10 liter plastic bucket covered from the outside
by a rough cloth to allow the adult weevils to crawl up easily on the trap to
reach the inside through the openings, rather than falling down from the
smooth surface of the bucket; the bucket had a four 2.5 x 6 openings for the
entrance of the attracted adults, (b) Soft date fruits placed at the lower part of
the bucket as baits, (c) a granular insecticide diazinon placed on the top of
the date fruit to kill adults upon arrival, (d) a pheromone lure to be hanged
from underneath of the bucket cover, and (e) a water to wet the insecticide,
treated date fruits.

Figure 2. Components of the pheromone-food baited traps: (a) a plastic
bucket covered with a rough cloth, (b) date fruit, (c) an insecticide, (d)
pheromone lure, and (5) water.
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Figure 3. Preparation of the pheromone-food baited traps. (a) adding an
insecticide to the date fruit at the lower part of the plastic buckets, and (b)
hanging the pheromone lure to the underneath of the bucket lid.

Trap maintenance was required during the experimental period. Traps
were inspected weekly, during the experimental period, to replace the
insecticide-treated dry date fruits and add water as needed.

Pheromone-food baited traps were placed on the ground with the lower
half of the trap inserted in the ground between the date palm trees. Traps
located at ground level captured significantly more weevils than those
located at 1.7 m, and the latter captured significantly more weevils than traps
located on poles at 3.1 m (Oehlschlager et al. 1993).

(]

Figure 4. Placement of the pheromone-food baited trap between the date
palm trees.
Field Study Sites
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Experiments to evaluate five aggregation pheromone lures were
carried out between March 1998 and May 1999. Ten commercial farms, in
Al-Ain (UAE), were selected for the tests in which two farms were used to
evaluate each of the five pheromone lures. Farms contained trees 7-15 year
old. The distance between trees ranged from 4 to 6 m. Table 1 shows the
total number of pheromone-food baited traps and the number of date palm
trees for each pheromone treatment.

Table 1. Total number of traps for each pheromone lure, and the total
number of date palm trees in the two farms used for each pheromone lure.

Pheromone | Total No. Total No. Total No. of
Lure No. of Farms of Traps Trees

5 2 6 1148

6 2 6 1014

7 (control) |2 7 1187

8 2 8 1558

9 2 6 900

Effect of Trapping on Population Patterns and Level of Infestation

The effect of trapping on population spatial patterns was based on (1) the
number of weevils caught per trap per specific period, and (2) the level of
infestation that occurred during the experimental period. Traps were
inspected weekly during the experimental period and the number of adults
RPW were counted and collected. Trapped adults were identified as males or
females and the ratio of female/male was determined. Date palm trees were
inspected during the experimental period to determine if new infestations
occurred. Pheromone lures in all traps were replaced monthly with new
ones.

Pheromone release Rates

Because the release rate of a lure is considered one of the factors
influencing the efficacy of the pheromone in attracting the adults, the lures of
all pheromones evaluated in the tests were monitored for their release rates.
Lures were placed in the traps (similar to the traps placed in the field) (n = 6).
The weights of all lures were recorded before placing them in the traps, and
every few days thereafter. The net weight of the pheromones in each lure
type varied (pheromone 5 = 297 mg, pheromone 6 = 331 mg, pheromone 7 =
752 mg, pheromone 8 = 605 mg, and pheromone 9 = 328 mg). The percent
loss of the pheromone in the dispenser was calculated.
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Figure 5. Weekly inspection of the pheromone-food baited traps for
counting the number of adults RPW.

RESULTS AND DISCUSSION
Seasonal Variations of Abundance of RPW

Figure 6 shows a fluctuation of RPW population, during the growing
season, as indicated by trap catches of five pheromone lures used. This
fluctuation can also be noted between each week of each month. There were
two population peaks during 1998 tests (March to December 1998): the first
major peak started from early-March and ended mid-May (with a small peak
from mid-May to mid-July). The highest trap catch during this period was 8
adults per trap for pheromone 7 on 31 March, 6.3 adults per trap for
pheromone 5 on 14 April, and 3.6 adults per trap for pheromone 6 on 24
March. The second major peak (which was smaller than the first major peak)
started from mid-September and ended late-December, 1998. The highest
trap catch during this period was on 10 October, where 5 adults were caught
per trap for pheromone 7, 3.5 adults per trap for pheromone 5, 3 adults per
trap for pheromone 6, and 2 adults per trap for pheromones 8 and 9. Results
for the high capture rates during the first peak agree with those reported by
El-Garhy (1996) and El-Ezaby (1998). EIl-Garhy (1996) reported that the
high catch rates during the period from April to June probably due to the
emergence of broods whose development was slowed by the cooler winter
months.
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Fluctuations in the average minimum and maximum temperature and
percent humidity during the tests were recorded. Trap catch during March, April,
and early-May was higher than those recorded during June and July; the temperature
at the first period was lower. The very low numbers of weevils were caught during
July, August, and September where very high temperatures were recorded. Trap
catch increased from mid-September where average maximum temperature was less
than 40C.

Effect of Trapping on the Level of Infestation

The level of infestation prior to the initiation of the tests and during the
pheromone trials is reported in Figures 7 and 8. The total number of infested
date palm trees in the ten farms used for our pheromone trials was
significantly decreased compared with the previous years where chemicals
were used for RPW control. Figure 7 shows a comparison of the
pheromones 5, 6, and 7 (evaluation from March 1998 to March 1999). The
number of infested trees reported for 1987 season (i.e., one year before
stating the pheromone trials) was 21, 13, and 7 trees for treatments of
pheromone 5, 6, and 7, respectively. The number of infested trees during
pheromone trial period was 2, 10, and 0O trees for treatments of pheromone 5,
6, and 7, respectively. This corresponds to a percentage reduction of
infestation equal to 90.4, 23.1, and 100%, respectively. The average number
of adult weevils per trap per month was 65.2, 48.5, and 112.0 adults for the
treatments of pheromone 5, 6, and 7, respectively.

Figure 8 shows a comparison of the pheromones 8, 9, and 7
(evaluation started June 1998). The number of infested trees reported for
1987 season (i.e., one year before stating the pheromone trials) was 11, 2,
and 5 trees for treatments of pheromone 8, 9, and 7, respectively. The
number of infested trees during pheromone trial period was 1, 2, and O trees
for treatments of pheromone 8, 9, and 7, respectively. This corresponds to a
percentage reduction of infestation equal to 90.9, 0, and 100%, respectively.
The average number of adult weevils per trap per month was 23.6, 18.7, and
65.2 adults for the treatments of pheromone 8, 9, and 7, respectively.

The overall performance of pheromone dispensers was very good
(especially if we correlate the trap catch with the level of new infestations
occurred in the farms during the pheromone trial period). The performance
of the RPW dispensers (in order), based on trap catch data after one year of
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Figure 8. Relationship between No. of insects (DPW) attracted to different
aggregation pheromone traps (lures numbered 7 [or control], 8, and
9) and % of infestation from June 1998 te September 1999 .
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Figure 7: Relationship between the number of RPW attracted to different aggregation
pheromone traps (lures numbered 5, 6, and 7 [or control]) and percentage of
infestation from March 1998 to March 1999,
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trapping, was pheromone 7, 8=5, 6, and then 9. In addition, pheromones 7, 5, and 8
protected palm trees from infestations during the pheromone trials period, with one or
two infestations reported for treatments of pheromones 5 and 8.

Sex differences in trap catch were noticed. Both sexes were attracted
to traps, but the number of females captured in the traps was higher than
male weevils (Table 2). Female: Male ratios were 1.5 for the pheromone
lures 5, 6, and 7 evaluated during the first population peak. The sex ratio
during the second population peak was 2.8 for pheromone 5 and pheromone
6.0, 1.9 for pheromone 7, and 2.2 for both pheromones 8 and 9. EI-Garhy
(1996) reported that twice as many female as male weevils were captured.
The higher number of females than males in the traps may be due to that
females may disperse more than males in order to find a suitable food source
for their progeny. Also, the aggregation pheromone released from males
may have attracted females more than males. The ability of the tested
pheromones to capture more females than males in the traps makes trapping a
potential tool for managing this economic insect.

Table 2. Total trap catches of females and males during the two population peaks
(first peak period: from March 3 to May 19; second peak period: from
September 19 to December 19).

First Peak Second Peak
Pheromone ----=-=--=-=es-mcememcmmmcmcmccmes cmeeemeeeceeeeeeeeeee oo
Lure No. Female Males Ratio (F/M) Females Males Ratio (F/M)

5106 70 1.51 75 27 2.8
6 108 71 1.52 61 22 2.8
7 163 109 1.50 122 64 1.9
8 - - - 62 28 2.2
9 - - . 31 14 2.2

F/M = females/males ratio
Pheromone Release Rates
The release rates of the five pheromone lures (regardless of initial
weight of each pheromone in the lures) during the 32 days of hot weather,

from May 23 to June 24 of 1998, are shown in Figure 9. The average
minimum temperature during this period was 27.3°C, average maximum
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temperature was 43.5°C, the average minimum humidity was 15.8% and the
average maximum humidity was 52.1%. A complete release (100%) of the
pheromone from the lures was noted after 7 days for pheromone 5 (42.5
mg/day; too fast) and 7 days for pheromone 6 (47.0 mg/day), 22 days for
pheromone 7 (34.0 mg/day) and 22 days for pheromone 8 (27.5 mg/day), and
32 days for pheromone 9 (10.2 mg/day). The time period needed for a
complete release of pheromone 8 was similar to that of pheromone 7, the
amount of pheromone released per day was higher for pheromone 7 (34.0
mg/day) compared with those of pheromone 8 (27.5 mg/day). The best lures
used, based on the release rate was pheromone 9 with 10.2 mg released per
day.

Figure 10 shows the release rates of the five pheromone lures during
73 days of cool weather, from November 25 of 1998 to February 6 of 1999.
Release rates slowed during the cooler days. During this period, the average
minimum temperature was 17.3°C, average maximum temperature was
30.0°C, the average minimum humidity was 18.5% and the average
maximum humidity was 88.0%. Pheromones from all lures were not released
completely after 73 days. Only 9% of the pheromones was released from
pheromone 9 (0.44 mg/day; too slow during this cool weather), 40% from
pheromone 7 (4.0 mg/day), 60% from pheromone 6 (2.8 mg/day), 75% from
pheromone 5 (4.4 mg/day), and 85% from pheromone 8 (7.0 mg/day).

The use of pheromones in monitoring and controlling RPW
populations has become an important tool for managing this pest (Kaakeh et
al., 2001). The factors that influence the ability of pheromone-food baited
traps to monitor populations of RPW include the following: dose, ratio, and
release rate of the pheromone blend from the lure (Jansson et al., 1990;
Sanders, 1992; Pfeiffer et al., 1993a, b), effectiveness of the blend at a
variety of population densities (Sanders 1992), lure type (Sanders and
Meighen 1987), species specificity of the pheromone blend (McLaughlin and
Heath, 1989), longevity of the lure over the trapping period (Jansson et al.
1990), trap position or location (Howell et al., 1990; Oehlschlager et al.,
1993), trap color (Oehlschlager et al., 1993), trap density (Houseweart et al.
1981, Oehlschlager et al., 1993), repellency of killing agents or dead insects
within the trap (Sanders 1986), the effect of weather on trap catch (Pitcarin et
al., 1990) and ease of management and cost of monitoring (Sanders 1992).
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There are several benefits for using the pheromone-food trapping system (Kaakeh
2000): (1) monitoring traps indicate where RPW populations are highest, (2) mass
trapping can intercept invading weevils from abandoned farms and, in turn, can lower
the risk of new infestation from these weevil hot spots, and (3) efficient trapping can be
a substitute for insecticide control during fruit maturation and harvesting. Farmers in
UAE should be aware of the seriousness of the RPW problem. This can be achieved by
encouraging and training farmers to conduct trapping system for RPW monitoring
and/or control, and obtain some experience with trapping. There is a need to initiate
mass trapping in heavily infested and abandoned farms. Trapping might remove
sufficient proportions of emerging weevils that mechanical destruction of these farms
might not be necessary. In addition, national integrated management program for the
RPW should be implemented using a pheromone trapping system in all agricultural and
urban areas. The government should have the coordinating and regulatory authority.

The results presented here are promising in utilizing pheromones for
significantly reducing RPW populations and for protecting date palm trees
from RPW infestations within the field. Further studies should be conducted
to understand the RPW-date palm tree interaction and the factors affecting
their behavior in the laboratory and the field (Kaakeh, 1998). These include
the study of the effect of environmental and physiological factors on mating
frequency of RPW, weevil activities in the presence or absence of host odor
or frequency of RPW activities in the presence or absence of host odor or
food, and time of day in which mating occurs. Knowledge on the function of
aggregation pheromones in the mating behavior of RPW is also important for
the development of pheromone application in controlling the destructive pest.
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