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The Effects Of Using Rosemary to Improve Qualtiy
Properties and Sensing of the Shelf-Life of Minced
Cold Poultry Meat

Amera M.S.Al-Rubeii, Sunbul J.Hamodi, Hudaa .K.Al-Hamdani

Animal Production Department, Agriculture College,
Baghdad University, Baghdad, Iraq
Abstract :

The objective of present study was to investigate the effect of using
rosemary powder to improve some of the meat quality characteristics, sensing
and limited storage time of minced cold poultry meat .Roesmary powder was
added at 0.05,0.10 and 0.15% to minced poultry meat, these treatments were
stored individually for 2, 4 and 6 days at 4°C + 1. After making several
chemical, physical, sensing and microbial tests, The following results were
obtained:

1. The process of adding rosemary powder to minced poultry meat led to
significant increase in moisture content, pH and water holding capacity
(WHC), and decrease in cooking loss percentage.

2. The process of adding rosemary powder to minced poultry meat led to
significant decrease (P<0.05) in thiobarbituric acid (TBA),peroxide value
(PV) and free fatty acids (FFA)Total volatile Basic nitrogen (TVB-N),
compare to the control

3. The results showed a significant sensory evaluation improvement
(P<0.05) in the organoleptic characteristics of minced poultry meat
(flavour,juiciness,tenderness, overall palatability).

4- The process of added rosemary powder to minced poultry meat led to
reduced (P<0.05) total plate count and psychrophilic count during
refrigerated storage periods.

It can be concluded that added rosemary powder had positive significant
influence on quality characteristics ,sensing and microbial safety of minced
poultry meat when stored under refrigeration at 4C° up to 6 days.

Keywords: Roesmary, Minced Cold Poultry Meat and Qualtiy
Characteristics and Sensing.
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Performance Evaluation of an Equipment Developed to
Measure Poultry Meat Tenderness: a comparison between
Chemical,Physical and Sensing Method

Abdulrazzak A.Jasim, Amera M.S. Al-Rubeii, Muddaffer K.Abdulla

Agriculture College, Baghdad University
Baghdad, Iraq
Abstract:

An equipment similar to Warner Bratzler shear force device was
developed to measure poultry meat tenderness .It measures meat sample strips
(10*1.3 cm cross_section) shear force with stainless steel blade at shear angles
10° .This blade moves by hydraulic pressure on longitudinal axis of the meat
sample and the shear force was reported as kPa on gradation scale.

Two types of poultry meat were used : thigh muscles of a 4 week old
broiler and thigh muscles of one year old layer chickens were used to show
the comparative effects in meat tenderness ,and the measurement accuracy of
the device.The shear forces were compared with chemical measurements
(myofibrillar fragmentation index (MFI),protein solubility of myofibrillar and
collagen containte) , physical measurements ( fragmentation index (FI),water
holding capacity and fiber diameter) and sensory evaluation (flavour,
juiciness, tenderness and overall acceptance).

The measured shear forces correlate strongly with the chemical,physical
and sensing tests.

Keywords: The device used to measure meat tenderness, poultry meat,
chemical,physical and sensing tests
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Public Housing in High-rise Building in Saudi Arabia
Case Study : Changes of the Residences' Satisfactions Levels
at Dammam's Public High-rise Building

Jamaludden Yousef Salagoor

College of Architecture and Planning, King Faisal University
Dammam, Saudi Arabia
Abstract:

This study concentrates on the evaluation of the Saudi's public housing
experience in high rise building. A number of pre-occupancy theoretical studies
reached the conclusion that the experience, is a failure due to the unsuitability to
the conservative Saudi society who is familiar with living in low-detached
building, in addition to the failure in its own origin place. The field study done
by the researcher, after three years of short occupancy at Dammam's high-rise
public housing, reached the conclusion that the Saudi's society could familiarize
it sell with new housing experience, and could change a lot of negatives issues
into positive.

This study is an extension of the first one, to examine the real experience
of long occupancy, in order to identify the level of satisfaction changing on
Dammams' residents of high rise public housing, during the first field study in
1417H, and the second one in 1427H., and to answer the following questions:
whether the level of satisfaction after thirteen years of occupancy is still the
same, or whether there are some changes, positive or negative and to what
extend?. In the same time, the research will measure based on the normal
growth the level of expecting satisfaction changes on the next ten years until
1437H., in order to prepare suitable plan based on quality assurance to face the
expecting future changes.

The evaluation of the long occupancy experience concentrates on the
following items: socio economic character of the residents, residential unit,
security level, and maintenance performance. The study reached the conclusion
that the Saudi society becomes familiar with such type of housing, the
cooperation between the residents through the mutual maintenance affected on
strengthen the relationship between neighbors, and its role on balancing the real
state market with suitable housing for new form family in the main cities. Also,
the study, shows the negative caps for such type of public housing represented
by the decline of the level of maintenance and security, in which some of them
already reached to critical level of satisfaction, such as water leakage between
apartments, and some will expected to reach to critical situation on the next five
and ten years, if the situation continue as it without any proper action. The study
ended with some recommendations for upgrading the performance, improving
the building environment, raising level of residents' satisfaction
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Fig. 3: Orf lesions, around the mouth and lips of naturally infected
Swakni sheep.
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Table (1)
Titres of the two viruses in three cell culture types
Type of Cell culture
Strain Lamb Lamb Vero
Kidney Testicle
Hou/1/95 6.5 6.8 6.5
Zn/1/98 6.4 6.7 6.6
- Logjo/ml Cell culture virus titre
Table (2)
Sensitivity to trypsin (concentration)
on the two orf strain viruses
Time Titre of trypsin treated viruses
(minutes) Log 10 TCID5¢/ml
Hou/1/95 Zn/1/98
0 Strain Strain
6,6 6,5
10 4,2 4.4
20 2,00 2,00
30 2,00 2,00
40 1,9 1.9
50 1,9 1.9
60 1,65 1,65
120 1,60 1,6
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Pathogenicity:

Both groups of sheep succumbed to the experimental orf infection
similar to those of naturally infected sheep (Figure 3). The lesions started as
erythema which developed into papule/pustule stage in 3 days post
infection(PI) and developed into scab form within 4 days PI. The average
length of the scab period until dropped was three weeks.

The scabs were collected from both sheep groups and the contained
virus was confirmed to be orf virus by the agar gel immuno-diffusion test
(AGID) as described by Sawhney et al., (1973).

Discussion:

To select a virus isolate to be used as a vaccine seed, it has to be subject
to specific characterization procedures so as to ensure that it is typical of the
virus group in question. Accordingly, the present study was undertaken.

Both of the orf virus isolates in the present study (Zn/1/98 and
Hou/1/95) gave almost the same results in all the performed tests. On the
other hand, the results of these viruses, matched results reported earlier for
orf viruses from other countries (Anon 2004, Haig & Mercer 1998,
Robinson & Balassu 1981, Trueblood et al., 1963).

From the overall results, one can choose any of the two viruses
satisfactorily as a seed for the future orf vaccine. These viruses can

constitute good autogenous vaccine, as they are isolates from the Saudi
field.

Detail of information about the efficacy of the vaccine on protection of
sheep and goats and results of the clinico-pathological response of the
vaccinated and control animal are designed to be reported as separate study.
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inoculated as described by Housawi et al., (1993). The inoculum was
passaged in vero cell culture monolayers, at a titre at 10® TCIDso/ml.

Each group of sheep was housed in a separate room, and put under close
daily observation for clinical signs. Ad libitum water & feed were provided.

Results:
Virus growth:

Both viruses started producing discernible cytopathogenic effect (CPE)
in each of the three types of cell culture within the first two days. The CPE
progressed daily to involve 80% of the monolayers within 4-5 days.

Table (1) shows the titre of the two viruses in the three types of cell
culture.

Virus growth curves:

Similar growth curves were obtained with both viruses is a typical
growth curve. The titres started to rise from day one, post inoculation (PI),
to peak at days four, five, six and seven; then went down from day 8 to
reach the minimum by day 13.

Sensitivity to trypsin:

Table (2) and figure (1) show results of the effect of trypsin on the two
viruses. Within 10 minutes of exposure of both viruses to trypsin a sharp
sudden drop in titre took place log;o 4.4. Then the drop in titre went gradual
until the end of the experiment in 120 minutes.

Effect of the chloroform:
Chloroform treatment resulted in dropping of the titre of each virus by
2 lOglo.

Effect of diethyl ether:
The treatment of both viruses with diethyl ether resulted in the drop of
the titre of both viruses by 1.3 logo.

Effect of temperature:

Figure (2) shows typical heat inactivation curve for the viruses. Both
temperatures of 50°C and 56°C shows slight drop the titre of the viruses
after 30 min. However, heating for 30 min. at 60°C completely inactivated
both viruses.
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Chloroform treatment:

The method of Feldman & Wang (1961) was followed to study the
effect of chloroform on the two virus isolates. To 1 ml of virus (titre 10°
TCID 50/ml) contained in a small glass tube, 0.05 ml of neat chloroform
was added. The tube was closed firmly and left for 10 minute at room
temperature (22 °C). The tubes were shaken every two minutes. A virus
control tube which received PBS pH 7.4 only and treated in the same way as
the chloroform treated tube was included in the test. The tubes were
centrifugated at 500 rpm for 5 minutes. The upper layer was collected and
subjected to titration in vero cells as described by Housawi et al., (1993).
The titre was calculated according to Reed & Muench (1938).

Effect of diethyl ether:

The standard method of Andrewes & Horstman (1949), was followed in
this study. To each virus preparation (titre of 10° TCIDs¢/ml), 20% of
analar diethyl ether was added. The glass tubes containing the mixer of
virus and ether, were closed firmly and placed for 24 hours at 4°C. During
this incubation the tubes were shaken frequently. Control virus, which
received PBS, pH 7.4 instead of ether, was incubated in the same manner.
The ether was then evaporated from the preparation according to Andrewes
& Horstman (1949), titrated in vero cells as described by Housawi et al.,
(1993) and the titres were calculated as described by Reed & Muench
(1938).

Effect of temperature:

The effect of temperature on the two viruses was studied exactly
according to AbuElzein (1983). The temperatures 50°C, 56°C and 60°C
were used for various lengths of time. Control, non-heated viruses were
included as controls.

Residual virus activity, following heating was titrated by inoculation of
the heated virus suspension in vero cells as described by Housawi et al.,
(1993). The control non-heated virus was also titrated in the same manner.
The virus titre was calculated as described by Reed & Muench (1938).

Pathogenicity:
To ensure that the viruses were pathogenic to sheep, an experiment was
set up as follows:

For each virus, two one-year old, local Arabi sheep (Awasi), which were
free from orf antibodies, as judged by ELISA (Housawi ef al., 1993), were
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Materials and Methods:
Candidate viruses:

Two field orf viruses which caused orf infection in sheep and goats in
1995 and 1997 were obtained from our collection. They were designated
Hou/1/95 and Zn/1/98, respectively. They were in scab form.

Preparation of inoculum:

Scab material, for each virus, was made as 30% suspension (w/v) in
phosphate buffered saline (PBS) pH 7.4. The supernatant fluid was
collected follow centrifugation at 1500 rpm for 15 minutes.

After adding antibiotics to the collected supernatant (Housawi et al.,
1991); it was used to inoculate each of the following cell culture type:
1. Vero cell culture.
2. Primary and secondary lamb's kidney cell culture, (LK).
3. Primary and secondary lamb's testicles cell culture, (LT).

Preparation and inoculation of cell cultures:

The primary cell culture types, LK and LT were prepared and inoculated
as described by Housawi et al., (1991). Each virus was passaged twice in its
respective cell culture type.

Virus titration:

Each virus was titrated in its respective cell culture in which it was
passaged, as described by Housawi et al., (1991). The titres were calculated
as described by Reed & Muench (1938).

Virus growth curve:

The growth curve studies for each virus was performed in the vero cell
culture types, which was selected according to the results of the virus
titration studies. The mothd of Talhouk & Elzein (1986) was followed.

Trypsin treatment:

Standard method of trypsin treatment of viruses was followed
(Talhouk & Elzein 1986). Following trypsin treatment, the
viruses were titrated in vero cell culture monolayers and the drop
in titre was calculated as described by Reed & Muench (1938).
Virus control, treated with equal volume of PBS pH 7.4, was
included in the experiment.
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Characterization of Candidate Seed Orf Viruses to be Used
as Vaccine in Sheep and Goats in Saudi Arabia

Fadhel M. T. Housawi

College of Veterinary Medicine & Animal Resources
King Faisal University, Al-Hasa, Saudi Arabia

Abstract:

According to the Office International Des Epizooties (OIE) standards for
production of poxviruses vaccines, it is a pre-requisite to perform
characterization of the candidate seed virus before its incorporation as a seed
for the particular vaccine. In the present study, two candidate field orf
viruses were subjected to characterization according to the OIE standards.
Treatment of the viruses with Chloroform and diethyl ether has resulted in
dropping of the titre of each virus by 2 log;o and 1.3 log;o respectively.
Sensitivity to trypsin and heat inactivation of both viruses resulted in
dropping of the titre by 5 logjo in 120 minutes and complete virus
inactivation at 60 °C degree respectively. Either of these viruses is found
suitable to be used as vaccine seed for production of future orf vaccine to
protect sheep in Saudi Arabia. The obtained results were compared with
those reported elsewhere in the literature.

Key words: characterization; orf viruses; seeds; vaccine.

Introduction:

Orf or contagious pustular dermatitis (CPD) is a specific dermal disease
of sheep and goats (Haig and Mercer, 1998; Balasso, 1981). The disease is
caused by a parapox virus of the family Poxviridae. Field infection with orf
virus was noted to occur around the mouth, on the mammary gland and feet
of the affected animals (Gameel et al., 1995). Severe and mild orf outbreaks
have been reported from different parts of the world and annual losses as a
result of natural orf infection is estimated to be by millions of dollars
(Robinson and Balassu, 1981).

Saudi Arabia (SA) is no exception where, orf infection was found to be
widespread among sheep and goats causing great economical damage
(Housawi et al., 1991; Gameel et al.,1995; Abu Elzein and Housawi, 1997).
Inspite of this, no vaccine has been used in the country.

In an attempt to produce a potent vaccine to be used in Saudi Arabia,
two local field orf virus isolates were subjected to standard characterization
procedures according to OIE specifications (Anon — 2004), so as to be used
satisfactorily as vaccine seed.
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occurrring at 4 hours post feeding and disappeared at 8 hours post feeding.
The subsequent decline in pH and microbial activity at 8 hours post feeding
maybe due to changes in rumen volume through inflow of saliva ( Murali et
al., 1989).

Treating roughages with urea is very important from the point of
improving their palatability and digestibility and to enhance protein
synthesis within the rumen. It is now an established practice in some parts
of the world to upgrade the protein content of low quality roughages by urea
treatment (Hussein et. al., 1991, and AL-Shami and AL-Sultan, 2006 ) and
this treatment improves both their palatability and nutrient utilization
(Reddy and Reddy 1986, Sengar et. al., 1999).

Acknowledgements:
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Treatment of straw:

Wheat straw samples were sprayed with urea solution (12%) at
40ml/100g of straw. The urea-treated straw was then kept in air tight
container for urealysis reaction for 8 weeks as previously reported (AL-
Shami and AL-Sultan, 2006).

Feeding trail:

Animals were divided randomly into two groups. Group 1 (5 sheep) was
given daily 200g wheat straw. Group 2 (5 sheep) was given daily 200g urea
treated straw for 21 days. Feeding usually commenced at morning times.

Sampling:

About 10 ml of rumen liquor was collected with the help of paraffin
lubricated stomach tube from all animals before starting of feeding trail and
at 4, 8, 12 and 16 hours after feeding.

Analysis of samples:

Rumen liquor was immediately evaluated for physical characterstics
(Rosenberger, 1979), pH by portable pH-meter (Hitachi, Japan), protozoal
count and viability according to Mishra et. al., (1972), glucose fermentation
test (Nicholas and Penn 1958), sedimentation activity test and methylene
blue reduction time (Rosenberger, 1979) were also measured. The data was
analysed statistically according to Snedecor and Cochran (1967).

Results and Discussion:

Physicochemical properties (Table 1) of rumen fluid such as colour,
odour, viscosity, methylene blue reduction test, sedementation activity test
and glucose fermentation test were similar in both group 1 (control) and
group 2 (urea-treated straw) suggested that feeding of urea-treated straw did
not affect rumen environment adversely at least regarding these parameters.
The value of pH in group 2 tended to be acidic but not significantly. The pH
was affected by production of nitrogen and volatile fatty acids (Reddy and
Reddy 1986, Yan et. al., 1998). Moreover, quality of dietary protein alters
pH, total volatile fatty acids, dry matter disappearance and microbial protein
synthesis (Yan et. al., 1998). The increase in protozaoa concentration and
motility observed in animals of group 2 compared to group 1 probably to
cope with feeding of urea or nitrogen. Ruminal microorganisms are known
to carryout a wide variety of biotransformation reactions including
reduction, hydrolysis, dealkylation, dehydrogenation, deamination and ring
fission (Jenkins, 1988). The changes in pH and microbial activity were
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Effect of feeding urea-treated wheat straw on rumen
environment in Awassi sheep

Salah A. AL-Shami

Department of Veterinary Public Health and Animal Husbandry
College of Veterinary Medicine and Animal Resources, King Faisal University
AL-Ahsa, Saudi Arabia

Abstract :

The effect of daily feeding of wurea- treated wheat straw on
physicochemical properties and microbial activity in rumen liquor of Awassi
sheep was investigated. Colour, odour, viscosity, methylene blue reduction test,
sedimentation activity test and glucose fermentation test were not affected by
urea-treated straw. Slight effect on pH and microbial concentration and
motility was observed but simultaneously corrected. It is concluded that
feeding of urea-treated straw has no adverse effects on rumen environment in
sheep.

Introduction:

Wheat straw is the most abundant agricultural residue in saudi Arabia. It
is widely used as cheap source of bulk feed in ruminants. The feed value of
wheat straw is, however limited by its low available energy, low protein,
minerals and vitamins (Chung et. al., 1992). High content of structural
carbohydrates and silica and low nitrogen content of these straws lead to
low palatability and poor nutrients utilization in ruminants. Incorporation of
these poor quality roughages in complete diets improves both palatability
and nutrient utilization (Reddy and Reddy 1986, Sengar et. al., 1999). It is
now an established practice in some parts of the world to upgrade the
protein content of low quality roughages by urea treatment (Hussein et. al.,
1991). Rumen environement is greatly influenced by nature of the diet,
roughage to concentrate ratio, frequency of feeding and protein quality (Yan
et. al., 1998). This study was conducted to investigate the effect of urea-
treated straw on the activity of ruminal microflora and physicochemical
properties of ruminal fluid.

Materials and Methods:
Animals :

Ten mature Awassi sheep (2-3 years old) of both sexes were used in the
study. They were housed in pens with free access to Rhodes grass, water
and salt licks.
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Table (1)

Effect of feeding Urea treated wheat straw on milk composition in goats

Variable Group 1 Group 2
Fat % 229+031a 391+£31b
Solid not fat % 7.32+0.22 a 8.86+0.22b
Ash % 0.73+0.02a 0.88+0.02b
Casein % 2.88+0.13 a 3.52+0.12
Titrable acidity (% Lactic acid) 0.15+0.007 a 0.23+0.007 b
Total solids % 13.22 a 17.17b
Water content % 86.78 a 82.83 b
pH 6.60+0.018 a 6.40+0.017b

Means bearing different letters in a raw differ ( P<0.05) .

Milk fat and casein content are high after parturition then decrease
therafter (Chilliard et at 2000) . This is related to at least two phenomenon
(Chilliard et al 2003): a dilution effect due to increase in milk volume until
lactation peak, and a decrease in fat and protein mobilization that decreases
the availability of plasma non esterfied fatty acids and energy (protein)
balance . Feeding of urea treated straw tended to correct such deficit.
However the impact of such treatment on milk production and residues of
urea — ammonia in milk of goats remain to be determined.

Acknowledgement:
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Animals and treatments:
Sixteen, 12-14 month old, female Ardi goats were used in this study.

Dairy goats were obtained at peak of their lactation . Animals were
divided into two groups . Group 1 animals were given 500g / head / day
concentrate and 200g / head / day wheat straw . Group 2 animals were given
500g / head / day concentrate and 200g/ head / day urea treated wheat straw
. Rhodes grass and water were provided ad libitum .

Analysis of Samples :

Milk samples were immediately analysed for total solids (TS) and water
(Pandey 1981), fat (ISI 1977), solid — not fat (SNF, by difference method ),
casein (Pal et al 1996), ash (Kirk and Sawyer 1991), titrable acidity (Scott
1986) and pH (Agnihortri and Pal 1996). Analysis of variance and Student t
test were used to find significant difference between the groups (Snedecor
and Cochran 1968)

Results and Discussion :

Results of effect of feeding urea treated wheat straw on composition of
milk of goats are given in Table 1. The composition of milk in group 1
animals which was fed untreated straw was similar to published information
on goat milk composition (Agnihotri and Parsad, 1993 Pal et a/ 1996, Pal
and Agnihotri 1997, Agnihotri et al 2002), in animals reared under
organized farm condition. The percent of water, fat, total solids, solid not
fat, casein, titrable acidity, pH and ash significantly (P< 0.05) differed in
milk collected from animals of group 2 that were fed urea — treated straw
compared to animals of group 1. The composition of daily diet and its
amount could result in significant changes in milk composition ( Haenlein
1995). Indeed, feeding of urea to sheep has resulted in change of
composition of milk ( Farid et a/ 1979). Urea increased the solid not fat and
pH of milk . Such properties would add to the buffering capacity and
improves the keeping quality of milk (Joshi and Verdanayakam,1967).
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Abstract :
Feeding of urea-treated wheat straw to lactating goats had significantly
(P<0.05) increased the percentage of fat, solid not fat, casein, titrable acidity,
ash and decreased pH of milk compared to those fed with wheat straw. It is
suggested that such effects may increase nutritive value of milk in addition to
its good keeping quality.

Introduction :

Chemical treatment to improve the nutritive value of poor quality
roughage like wheat straw has been proposed for enhancing greater and
improved use (Sundstol et a/ 1978). Treatement of poor quality roughage
with urea, which is converted to ammonia, has been proposed by many
researchers
(Hadjipanayotou 1984; Dias-Da-Silva and Sundstol, 1986). Feeding
ammoniated straw to growing bulls, dairy cows, steers, heifers and goats
resulted in positive responses (Hadjipanayotou, 1984, Al-Shami and Al-
Sultan 2006). It is reported that (Homer and Kreula 1974) found no effect of
urea feeding to cows on composition of milk. Atramentova and Abragan
(1974) however, reported an increase in some fatty acids composition of
milk. Helmer and Bartley (1971) reported an adverse effect of milk
composition of ewes fed urea .

In view of these conflicting reports, this study was carried out to
investigate the effect of feeding urea-treated straw on milk composition of
dairy goats.

Material and Methods :
Urea treatment of wheat straw (Tibin):

One ton of tibin was treated with 4% urea solution (4g of urea in 100ml
of water ) and subjected to urealysis by anaerobic storage for 8 weeks (Al-

Shami and Al-Sultan 2006).
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GABA-ergic or noradrenergic pathways and its efficacy against generalized
tonic-clonic and partial seizures in man.

DMT showed a significant anticonvulsant effect against Pic-induced
seizures mainly due to a prolongation of the latency of the onset of seizure,
and delay in the onset time of death. It has been demonstrated that Pic
selectively antagonizes the effect GABA (Ramanjaneyulu and Ticku, 1984).
Anticonvulsant drugs such as benzodiazepines and valproic acid increase
the GABA level in the brain (Meldrum and Chapman, 1986; Macdonald,
1988). Therefore, in epileptic patients, a deficiency of brain GABA had
been suggested (Delgado-Escueta et al., 1986). So, DMT anticonvulsant
effect might be due an increase in GABA level.

It has been reported that nicotine-induced seizures are centrally
mediated (Dixit et al., 1971; Caulfield and Higgins, 1983). So, DMT
possesses the ability to cross the blood-brain barrier after peripheral
injection to achieve pharmacological action. Two mechanisms have been
proposed for the mode of Nic-induced convulsion; either by stimulating N-
methyl-D-aspartate (NMDA) receptors and or increasing nitric oxide
formation through stimulating nitric oxide synthase (Damaj, et al., 1999).
Thus DMT might exert it action by blocking NMDA or reducing nitric
oxide formation through inhibiting nitric oxide synthase.

It can be concluded that the DMT possesses anticonvulsant activity
against MES, PTZ, Pic and Nic induced convulsions. The mechanisms
involved in these pharmacological effects are unknown and need to be
elucidated in further studies.
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Nicotine-induced convulsions

Intraperitoneal injection of DMT (100 mg/kg) totally abolished the
convulsion induced by nicotine. In addition, it produced 100% protection
against mortality (Table 4).

Table (4)
Protective effect of DMT on Nic-induced convulsions

Onset time of o o
. . % Z
Treatment convulsion (min.) dela Mortali
mean + SEM Y ty
Nic 1.0£0.0 - 83.3 %
DMT + Nic No convulsion 100 % 0%

Data represented as percentage of tonic seizures and mortality or mean = SEM (n = 6). **P
< 0.01 when compared to the vehicle treated group.

Discussion

Currently there is an increasing demand for new types of anticonvulsants
because undesirable side effects from the drugs used clinically are
increasing and often render treatment difficult (MacNamara, 1994). One of
the approaches to search for new antiepileptic drugs is the investigation of
naturally occurring compounds, which may belong to new structural classes.

Complete protection against THLE and death in MES usually predicts
the ability of a drug to prevent the spread of seizure discharge from the
epileptic focus in the brain. It indicates its potential to protect against tonic-
clonic (grand mal) and partial seizures. Thus, DMT protective activity
against MES, suggests its potential as an anti-epileptic drug against grand
mal and partial seizures (Krall ez al., 1978; Porter et al., 1984).

DMT significantly increased the latency period and reduced the
duration of seizures induced by PTZ. PTZ test is assumed to identify
anticonvulsant drugs effective against generalized tonic-clonic, partial
seizures and generalized clonic seizures (Loscher and Schmidt, 1988). Two
mechanisms have been proposed for the mode of PTZ-induced convulsions.
It is proposed that PTZ induces convulsion by either inhibiting gamma
amino butyric acid (GABA) pathway in CNS (Corda et al., 1990), or by
increasing the central noradrenergic activity (De Potter ef al., 1980). The
effect of DMT in this model can therefore suggest its involvement in
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Pentylenetetrazole-induced convulsions :

In control animals, clonic convulsions appeared 60 + 6.2 sec after PTZ
injection and all animals died after seizures. Intraperitoneal injection of
DMT (100 mg/kg) significantly delayed both the onset time of convulsions
and onset time of death induced by PTZ. In addition, DMT produced 50%
protection against mortality (Table 2).

Table (2)
Protective effect of DMT against PTZ induced-seizures in male mice

Onset time of .
. o Onset time of o 0
convulsion % . %0 %
Treatment death (min.) .
(Sec.) delay mean - SEM delay | Mortality
mean =+ SEM
0
(C(I))I;ljcrzol) 60+6.2 - 2.5+0.2 - 100 %
D%EJF 230 +£42.2%* 283 % 45 £ 2.9%* 1700 % 50 %

Data represented as percentage of tonic seizures and mortality mean +SEM (n = 6). **P <
0.01 when compared to the vehicle treated group.

Picrotoxin-induced convulsions

Intraperitoneal injection of DMT (100 mg/kg) significantly delayed
both the onset time of convulsions and onset time of death induced by Pic
but failed to produce protection against mortality (Table 3).

Table (3)
Protective effect of DMT against Pic-induced convulsions in mice
Onset time of 0 Onset time of o 0
. : % . % %
Treatment | convulsion (min.) dela death (min.) dela Mortalit
mean + SEM Y mean + SEM Y Y
Pic 3.8+0.3 - 7.2+£0.9 - 100 %

DMT + Pic 8.7 £ 1.4%* 129 % | 28.5+5.3** 296 % 100 %

Data represented as percentage of tonic seizures and mortality mean = SEM (n = 6). **P <
0.01 when compared to the vehicle treated group.
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Picrotoxin-induced convulsions :

Chemical seizures were achieved using Pic (Lloyd and Worms, 1981).
Each animal in both the treatment (DMT 100 mg/kg, i.p.) and control
groups were injected with Pic (12 mg/kg, i.p.). The behavioral changes of
the mice were observed for 2 h after Pic injection. The onset time of
generalized clonic seizures, the survival time, and the survival percentage
were calculated as a percent of the control. The number of animals protected
in each group was also recorded and the percentage protection was
considered as the anticonvulsant parameter. (Abdul-Guani et al., 1987).

Nicotine-induced convulsions:

Epilepsy was induced using Nic (Damaj ef al., 1999; Miner and Collins,
1989; Miner et al., 1985). Each animal in both the treatment (DMT 100
mg/kg, i.p.) and control groups was injected with Nic (0.8 mg kg™, i.p.).
The behavioral changes of the mice were observed for 10 min after Nic
injection. The latency to the onset time of generalized clonic seizures, the
survival time, and the survival percentage were calculated as a percent of
the control.

Statistics :

Student’s #-test was used for the analysis of the results using SPSS
(version 10) software and the results were expressed as the means + S.E.M.
A P value of less than 0.05 was considered significant.

Results:
MES-induced seizures

In the maximal electroshock seizures, DMT (100 mg/kg) significantly
abolished the extension of lower limbs and produced 100% protection
against mortality of tonic seizures (Table 1).

Table (1)
Effect of DMT on tonic seizures induced by maximal
electroshock-induced seizures in male mice

Treatment Yo v Yo
convulsions protection mortality
Control o o o
(distilled water, 10 ml/kg) 100 % 0% >0 %
DMT (100 mg/kg i.p.) 0 % 100 %** 0 %**

represented as percentage of tonic seizures and mortality (n = 6). **P < 0.01 when
compared to the vehicle treated group.
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The present work was aimed to evaluate the neurological effects of
DMT, the main constituent of Phenox dactylefera spathe, on seizures
induced by MES, PTZ, Pic and Nic.

Materials and Methods

Animals. Male albino mice, weighing 25-30 g obtained from the
animal house (King Faisal University, Saudi Arabia) were used. The
animals were housed in standard cages with free access to food (standard
laboratory rodent’s chow) and water. The animal house temperature was
maintained at 22 + 2.0°C with a 12-h light/dark cycle (light on at 6:00 a.m.
to 6:00 p.m.). DMT was given 30 min before the convulsing agents was
injected. The ethical guidelines for the investigation of experimental
seizures in conscious animals were used. All efforts were made to minimize
animal suffering and to reduce the number of animals used.

Chemicals:
3,4-Dimethoxy toluene, pentylenetetrazole, picrotoxin, nicotine (Aldrich-
Sigma, USA)

Convulsions tests:
Maximal electroshock -induced seizures

MES-inducing tonic hind-limb extension (THLE) in 99.9% of the
animals (Swinyard, 1969), was previously determined. The electrical
stimulus (50 mA, 75 Hz, 2s duration) was applied through ear-clip
electrodes using a current generator (Ugo Basile, ECT Unit, 7801). The
DMT (100 mg/kg, i.p.) was administered and 10 min later electroconvulsive
shock was delivered. THLE was accepted as maximal electroshock seizure.
Mice which did not show THLE were considered to be protected from
MES. Consequently, abolition of THLE after drug treatment was regarded
as the endpoint of protection (Swinyard et al., 1989).

Pentylenetetrazole-induced convulsions:

DMT (100 mg/kg) was injected intraperitoneally (i.p) 30 minutes before
administration of PTZ (85 mg/kg, i.p.). The time taken before onset of
myoclonic spasm and clonic convulsions and percentage mortality was
recorded (Swinyard et al., 1952). The animals were observed for onset time
of convulsions and lethality up to 30 min after PTZ. Each group contained
six animals.

116



Scientific Journal of King Faisal University (Basic and Applied Sciences) Vol.9 No.2 1429 (2008)

Anticonvulsant effects of 3, 4-Dimethoxy toluene, the major
constituent of Phoenix dactylifera L Spathe in mice

Abdulla Y. Al-Taher

Department of Physiology, Pharmacology and Biochemistry
College of Veterinary Medicine, King Faisal University
Al-Ahssa, Saudi Arabia

Abstract:

The anticonvulsant effects of 3,4-Dimethoxy toluene (DMT), the major
constituent of the date palm (Phoenix dactylifera L.) spathe, were
investigated using pentylenetetrazole (PTZ), picrotoxin (Pic), nicotine (Nic)
and maximal electroshock (MES)-induced seizure models. In PTZ (85
mg/kg)-induced seizures, the intraperitoneally injection of DMT at a dose of
100 mg/kg significantly delayed the onset time of seizures and produced 50%
protective effect against mortality. In MES model, DMT showed complete
inhibition of tonic hind-limb extension (THLE) and exhibited complete
protection against mortality. After mice were injected with picrotoxin (12
mg/kg), DMT (100 mg/kg) significantly delayed the onset time of
convulsions and death. DMT exhibited complete protection against nicotine
(0.8 mg/kg)-induced convulsions. These results indicate that DMT may have
a promising anticonvulsant activity.

Key words: 3, 4-Dimethoxy toluene, anticonvulsant, Phoenix dactylifera L.,

Introduction

Epilepsy is a condition in which a person has a tendency to have
recurring seizures. The problem of antiepileptic drugs (AEDs) arise from
their inability to control seizure efficiently and adverse effects which have
not been circumvented completely (Gates, 2000). Hence, search for
antiepileptic compounds with more selective activity and lower toxicity
should continue to develop newer agents for treatment of epilepsy.

Traditional medicine, especially medicinal plants, has been practiced
for long time in most parts of the world. In Saudi Arabia, there are many
medicinal plants with claim of neurological properties. But these claims of
treatment successes are often made without any scientific basis. Phenox
dactylifera spathe which is commonly grown in Saudi Arabia was believed
to have certain neurological properties. Chemical constituents of the
Phenox dactylifera spathe were identified by both (Al-Yahya 1986; Mikki
et al., 1988). However, the pharmacological activities have not been
scientifically evaluated.
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Benysek et al (1971). The decrease in globulin serum at late pregnancy
obtained during present investigation was also reported by Rowlands et al ,
(1975). The concentration of urea was within normal value (5.3 mmol/l)
obtaind in dairy cows, (Payne et al 1987). The present results show that dry
cows (heifers) samples showed that urea values (6.26+1.03mmol/l). was
nearly within normal range reported by (Payne et al 1987). Furthermore,
Mann et al (2005) provided further evidence that impaired reproductive
function during the post partum period in dairy cows is caused by poor
energy status and not elevated urea values,

It is important to remember that the metabolic profile is a herd test and
not applicable to the individual cow. However, if one is only sampling a
small number of cows (five or six), then it is important to remember that one
atypical cow will have a fairly drastic effect on the mean values.
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Discussion :

The mean glucose concentration were found to be 3.34+.16, 4.05+.85,
2.80+.40 and 2.66+.45 mmol/l at 4 andl weeks before calving, 1 and 4
weeks after calving respectively. Comparing these values with standard
glucose concentration in dairy cows (2.5 mmol/l) (Radostits et al, 2000) it is
quite evident that glucose concentration was higher than normal at 4 week
before calving, the concentration reached its maximum level at one week
before calving and then returned to normal range. It is worth to mention that
most previous work showed that there was a decrease between 8 and 18% in
concentration of glucose between the last month of pregnancy and the first
month of lactation (Furtmayer,1975, Hartmann et al, 1965). The level in dry
cows (Heifers) was more or less similar to the standard level in dairy cows
(2.5 mmol/l) (Radostits et al, 2000), The different diets which was given at
different stages of pregnancy and parturition might have their benficial
effect on glucose concentration. It was known that low glucose level
resulted in ketosis, poor production and infertility, (Payne et al 1970,1987
and Manston et al. 1977).More recently Van Knegsel et al (2005) have
reported that low plasmas glucose levels are associated with decreased
reproductive performance

In the present work the mean albumin concentration at 4 weeks before
calving was comparable to the normal standard concentration in dairy
cows(36.60+1.93) (Radostits et al,2000) . At 1 week before calving the
value decreased by 57%, then the value returned to normal level at 1 week
after calving (34.267+3.16g/1) with slight increase at 4 week after calving
(39.46+9.30g/1).Several authors (Little,1974 and Manston et al, 1975) had
noted average decrease in serum albumin concentration in dairy cows of
about 10% at or close to calving.

The mean total protein concentration in present work ranged between
62.76£10.02 g/l, 51.34+8.39 g/I, 60.37£9.57g/1 and 58.2249.23 ¢/l at 4 and
1 weeks before calving , land 4 week after calving, respectively. The mean
globulin concentration was nearly within normal range at 4 weeks before
calving and 1 week before calving 26.6+1.8g/l)and (32.4442.45), while at 1
week after calving and 4 weeks after calving the value were 26.10+2.98g/1,
18.76+3.2 g/l respectively. The mean urea concentrations ranged between
6.90+.59 mmol/l 2.44+.44 mmol/l, 3.90+.61 mmol/l and 4.58+.43 mmol/l at
4 and 1 weeks before calving, , 1 and 4 weeks after calving, respectively.
The total protein concentration was less than normal values (75 g/l) as
described by Payne et al (1987). These values may reflect the good nutritive
diet given to the dairy cows examined during the present work. Slight
decrease in total protein during last week of pregnancy was also observed by
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Figure 2. Serum glucose and urea values during different reproductive
periods and in dry cows
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Figure 1. Serum total protein, albumin and globulin values during different
reproductive periods and in dry cows
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Biochemical analysis:

Biochemical analysis included determination of glucose concentration,
total protein, urea and albumin. Glucose was determined by UDI system,
protein and albumin were determent by using UDI system. However
globulin values been measured from substract albumin from total protein.
Data concerning the examined animals were recorded during the whole
period of the experiment.

Statistical analysis:
One way of variance (ANOVA) was used for statistical analysis by
Duncan test SPSS — version 10.

Results

The results of the study are shown in table 2 and Fig 1 and 2. The value
of glucose in cows sampled at 1 week before calving were found
significantly higher than the dry cow and in the two groups of cows sampled
at 1 week and at 4 weeks after calving. Both serum total protein and
albumin behaved similarly in all examined groups of cattle. It both showed
significantly higher values 4 weeks before calving and 4 weeks after calving
when compared with the dry cows and cows sampled at 1 week before
calving. The value of serum urea was found significantly lower in one week
before calving as compared with the other groups sampled at different
periods.

Table (2)
Duncan multiple range test for plasma total protein, albumin, urea,
globulin and glucose values in different stages of reproduction.

Groups Pl;?:;gﬁfal albumin Urea Glucose Globulin
/L mmol/L mmol/L /L.
(/L) (g/L) ( ) ( ) (g/L)
Dry cows | 49.0848.16* | 15.1346.33° | 6.26£1.03% | 2.61=811% | 33.98+2.6°
awkpre- | o) 06110.02° | 36.60£1.93° | 6.90£59° | 334416 | 26.6+1.8°
calving
Iwkpre- | 51 3418390 | 18.042299° | 244+.44° | 4.05:85° | 32.44 42.45°
calving
Twkpost | ) 37,9570 | 3426743.16° | 3.904.61° | 2.80440° | 26.1042.98°
calving
4wWkpost | 505510030 | 304640.30° | 4.58£43° | 2.66+45° | 18.76+3.2°
calving

All means (= Sem) having the same superscript are not significantly different from each

other
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Materials and Methods

Animals:

The number of animals used in this study was 20 pregnant Freizian cows,
the age of animals ranged from 4-8 years. 17 dry cows (heifers) were also
included in this investigation. All animals were kept in a large dairy farm in
the Eastern province of Saudi Arabia.

Management:

The animals in this dairy farm were kept in fences which were partially
shaded. Water spray was used for cooling, and group of feeding system was
adopted.

Feeding

Feeding of animals consisted mainly of barley (29%), silages (19%) and
concentrate (52%). Different types of feed used at different stages of
pregnancy and after parturition are shown in table (1). Dry cows were fed
twice a day early morning and evening, milking cows were fed 3 times a
day, early morning, at noon and evening.

Table (1)
feed used at different stage of late pregnancy and at postpartum

Diet Last 4 Last week One week 4 weeks Dry
(%) weeks pre- pre- calving post post cow
calving parturition | parturition
Barley 14.2 133 35 25.4 29
Rodas 71.4 60 - - -
Concentrates - 26.7 35 52.7 52
Silages - - 30 21.9 19
Concent.rated 14.4 . . . .
protein
Sampling:

Blood for serum preparation was collected from jugular vein using

vaccutainers. The collected sera were kept at -20 ¢ 'until used.
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Studies on Some Serum Constituents
of Dairy Cows in Saudi Arabia

Abdul-Aziz M. Al-Mujalli

Dept. of Clinical Studies, College of Veterinary Medicine,
King Faisal University, Al-Ahsa Saudi Arabia

Abstract:

Blood samples from 40 dairy cows were tested for their urea, albumin, total
protein and glucose concentrations. Half of the animals, were pregnant and
were tested 1 and 4 weeks before and after calving. Glucose was observed to
increase in the first week before parturition and returned to the normal level
in the fourth week after pregnancy. Albumin was low in the first week before
parturition and returned to the normal level at the end of the fourth week after
parturition. Urea concentration was at normal ranges in the first week before
parturition and the fourth week after parturition. This study demonstrates the
importance of mini metabolic profile test in dairy reproduction farm for early
diagnosis of metabolic disease and nutritional deficiency.

Introduction:

A practically orientated "Mini Metabolic Profile", aimed directly at the
veterinary surgeon in practice has been described (Blowey et al. 1973;
Blowey 1975). The test requires fewer cows and parameters to be sampled
and examined respectively. It involved looking at blood glucose, urea and
albumin in cows at peak lactation in the herds and monitoring them at four-
weekly intervals, enabling trends to be spotted, as well as variation which
brought values outside the normal range. Furtheremore, a mini-profile test
has been recommended as being sufficient to assess the adequacy of energy
and protein intakes (Blowey,1975; Collins,1979; Radostits et al, 2000).
More recently Kida,(2002),(2003) and vonTavel et al (2005) have
developed an integrated herd health and productivity system which regularly
assess disease occurance, health status and adequacy of nutrition and
manegment in relation to productivity and economic performance. In
addition they concluded that the metabolic profile test is a useful tool for
assessing feeding management and periparturient diseases of dairy cows. In
the present work, preliminary study was conducted to detect the status of
glucose, albumin, urea, total protein and globulin at different stages of
pregnancy and in dry cows with different dietary in take.
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Fig. 17: The development of abnormal ‘sheiss’ fruit.
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3- Pollen tube in ‘Barhee’ ovule 8-12 days 4- Nuclear endosperm in ‘Barhee’ ovule 2
after pollinationpt: pollen tube, ii: inner weeks after pollination. e: nuclear
endogpem}, es: embryo sa

-

5- Zygote ‘sexual embryo’ in ‘Barhee’ ovule
28 days after pollination. z: zygote, en:
endosperm, es: embryo sac, n: nucellus

6- Enlarging sexual embryo 38 days after
pollination. m: micropyle

Fig. 16: The development of normal fruit.
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Fig. 11: 4 year-old dwarf tissue culture Fig. 12: Abnormal growth of leaves in
‘Khalas’ tree. ‘Barhee’ tissue culture date palm trees.

Fig. 13: Dryness of apical bud Fig. 14: Termlnal bud bending

Fig. 15: Albinism (variegation) of tissue cultured date palm leaves and leavelets

Types of somaclonal variations of date alm in ﬁeld

2- Pollen grain grdwth on stigma of ‘Barhee’ 2 1-
days after pollination. pg: pollen grain, pt:
pollen tube

Normal and unnormal (sheiss)
‘Barhee’ fruits
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Fig. 7: Deterioration and browning of embryonic callus

Fig. 8: Callus formation on bases of rooting plantlets

Problems at the laboratory

3¢

Fig. 10: Multiple carpels in feale
Barhee date palm flowers
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Fig. 4: Browning of cultured tissues

Bacterial contamination Fungal contamination

Fig. 5: Bacterial and fungal contaminations

1. Bud without roots ii. Bud with few early 1ii. Bd with ample early

rooting rooting

Fig. 6: Development of early rooting of tissue culture buds
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Young flowers
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Embryonic callus Development of mbryos Rooting plantlet

Fig. 3: Tissue culture by flowers
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Initiation culture Growing tissue Callus formation

Embryogenic callus

Flowering

Fig. 1: Embryogenesis stages
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vegetative offshoots and old tissue culture trees. However, inner and outer
integument in ovary of young tissue culture trees became less intact and separated
from each other reflecting a possible subsequent failure of normal fruit setting due
to failure of fertilization process. Fruit development was quite normal in offshoots
and old tissue culture trees 6 weeks after pollination. Differences in pollen tube
growth and the fertilization process between Barhee date palm trees may reflect
possible physical or hormonal related factors that prevent normal progress of the
reproductive process in young tissue culture trees.
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2.2.8 Changes on fruit quality

These changes were reported on fruit sugars and amino acids of
micropropagated ‘Deglet Noor’ (Booij ef al. 1993) and ‘Barhee’ (Alkhateeb et al.
2000).

3. Conclusion

Al Kaabi et al (2005) were compared two tissue culture methods, involving
organogenesis or embryogenesis, when applied to ten United Arab Emirates date
palm varieties (Phoenix dactylifera L.). The frequency of somaclonal variation in
the resultant plants was compared and related to the levels of variation at the DNA
level, estimated by AFLP analysis (Amplified Fragment Length Polymorphism).
The incidence of somaclonal variation in plants regenerated through organogenesis
tissue culture was low whilst a survey of embryogenesis-derived trees in the field
identified a relatively high level of abnormalities. The experimental conditions for
the generation of reproducible AFLP markers were optimised using EcoRI and
Msel primers. All ten date palm varieties were able to be distinguished by AFLP
fingerprinting. Variability amongst 40 plants produced by organogenesis and
embryogenesis, based on numbers of plants which showed aberrant patterns, was
found to be 5 % and 12.8 %, respectively. However, based on the total numbers of
variant DNA fragments, the embryogenesis plants showed a much higher level of
variability (0.6 %) than that shown by the organogenesis plants (0.038 %).

In conclusion, most of these abnormalities mentioned previously recover in
most cases as the plants get old (10-year-old). Furthermore, all these abnormalities
were also observed in date palm propagated by offshoots which is the normal
method of propagation for date palms (Alkhateeb et al. 2006). This was supported
by the finding of Ali-Dinar and Alkhateeb (2005) and Djerbi (2000). They
indicated that the plant showed a substantial improvement in vegetative growth and
set normal fruit as the plant get older. They concluded that this may probably be to
the relatively longer juvenility period of these plants induced by unstable
interrelated factors and seemed that tree age plays a central vital role in these
events. Ali-Dinar and Alkhateeb (2005) studied microscopically the reproductive
process from anthesis to early stages of seed development in collected samples of
pistils, ovaries and young fruit at 2-day intervals during the first 3 weeks after
anythesis and pollination and at weekly intervals thereafter for normal and
abnormal (sheiss) in Barhee date palm cultivar. They indicated that events of the
reproductive process showed that pollens grew normally on the stigmatic surface
and the pollen tubes were clearly progressing within the style 2-4 days after
pollination in tissue culture and vegetative offshoots Barhee date palm Fig. (16 and
17). Six to 10 days after pollination, pollen tubes of vegetative offshoots and tissue
culture trees (with few incidences of abnormal fruiting) had already entered the
ovary while those of young tissue culture trees (with high percent of abnormal
fruiting) were slowly progressing within the style. Ovule fertilization as estimated
by the initial endosperm division was observed 2 weeks after pollination in
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palm trees cv. Barhee was probably due to many interrelated events that lead to a
slow growth of pollen tube at early stages of fruit growth and which may possibly
be accentuated by the relatively high abscissic acid (ABA) contents during this
period.

2.2.2 Multiple carpels

Normally date palm female flower has 3 carpels. After successful pollination
and fertilization only one carpel develops to fruit while the other two shrink and die
(Alkhateeb and Ali-Dinar, 2002). Often, in some micropropagated date palm
cultivars, female flowers posses more than 3 carpels (Fig. 10).

2.2.3 Dwarfism of date palm trees

Abnormal growth of trees has been noticed with certain micropropagated date
palm cultivars, namely: Barhee, Sukary, Majdool, Deglet Noor and Khalas. The
trees acquire stunt growth habit with differeces between cultivars (Fig. 11). For
example, Al-Wasel (2001) found that in Barhee 12-18% trees were dwarf with
packed leaves around their trunk, whereas Khalas cultivar exhibited 18-24.3%. The
dwarf somaclonal variant arises from genetic changes that occur during the tissue
culture process. Early identification of this problem is difficult in many plant
species including date palm. Propagators must wait until plants are ex vitro in order
to visualise the dwarfism phenotype of Musa spp. (Ramage et al. 2004).

2.2.4 Abnormal growth and development of leaves and fruit strands

The abnormal growth of leaves has been observed on certain micropropagated
‘Sukhary’ and ‘Barhee’ date palm trees (Fig. 12), while the twisted growth of fruit
strands has been noticed on ‘Barhee’ trees (Alkhateeb et al. 2006).

2.2.5 Dryness of apical bud:
In the beginning the leaves around apical bud became very dry and
consequently plants death (Fig. 13).

2.2.6 Terminal bud bending:

It is well known that date palm trees have one apical bud and if they loss it they
will not grow. This phenomenon was recorded in tissue culture date palm trees cv
‘Shaishy’ (Fig. 14).

2.2.7 Albinism (variegation) of leaves
Certain leaves in some tissue culture date palm trees lose the ability to form
chlorophyll and turn from green to variegated color (Fig. 15).
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appear on plants that come from callus tissues (Skirvin et al. 1994; Al-Wasel, 2000
and Ramage et al. 2004). Al-Wasel (2005) in a survey study on some tissue
culture-derived date palm cultivars (Medjool, Barhee, Sukkary, Toory, Deglat-
Noor, Khalas, and Nabtat-Saif), somaclonal variations were observed. Dwarfism,
slow growth, morphological abnormality, terminal bud bending, fruit set failure
(shees), and supernumerary carpels were the most common phenomena. The type
and percentage of variations differ among cultivars. The fruit set failure and
dwarfism highly occurred and caused an economical loss. The Occurrence of fruit
set failure varied between 20-100%, and number of carpels was between 4-9
carpels, except cvs. Medjool and Toory which were highly produced fuits. Whereas
dwarfism was between 3-25% depending on cultivars. Morphological abnormality
and terminal bud bending were the highest in Sukkary (10-50%). Albino and leaf
variegation were very low (1-3%).

Somaclonal variations in date palm plants can be permanent (genetic stable
variations) or temporary (epigenetic variation). While the genetic variations in
plants are fixed and difficult to be changed, epigenetic variations are unstable and
mostly result from physiological changes. Plants with epigenetic variation normally
recover with time once the causes of these physiological changes are removed
(Skirvin et al. 1994). Several factors may contribute to the occurrence of
somaclonal variations in tissue cultured date palm, namely: growth regulators, type
of explants used in micropropagation process, genotypical nature of plants, length
of duration cultured tissues are kept and frequency of subculturing and
proliferation rate of cultured tissues (Alkhateeb er al. 2006). Types of somaclonal
variations in date palm are following :

2.2.1 Failure of fruit set

Off-types are quite common among tissue culture-produced date palm trees
which are often characterized with a low fruit setting capacity. Most flowers in
such trees turn into parthenocarpic fruitlets having three carpels. In severe cases,
supernumerary carpels are formed. Other flower abnormalities include distortions
of carpels and stigmas. The abnormalities in most cases one is alleviated in older
trees, with approx equal to 50% of trees reverting to normal within 10 years from
transplanting. Many flowers on the abnormal trees have impaired pollen tube
elongation, with growth being limited to the stigma or to regions near its point of
attachment to the carpel. Directional growth of pollen tubes ceases and tubes grow
in different directions or stop growing completely (Cohen et al. 2004). This
phenomenon locally known as ‘sheiss’ has been lately noticed on tissue culture
‘Barhee’ date palm at ‘Alqassim’ area (Fig. 9). Although the phenomenon has also
been noticed in other date palm cultivars, its occurrence in ‘Barhee’ is more serious
often reaching 59-86% (Ali-Dinar and Alkhateeb 2005). Over the past few years,
several researchers investigated the phenomenon to identify the nature and possible
causes of the problem (Ali-Dinar and Alkhateeb 2005). Ali-Dinar and Alkhateeb
(2005) reported that the failure of normal fruiting in young tissue culture of date
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2.1.3 Bacterial and fungal contaminations

Bacterial and fungal contaminations (Fig. 5) are major problems during culture
stages, particularly inside the culture tubes, and often appear after 2-4 months from
the start of culturing (Oda et al. 2003). To ensure the efficiency of bacterial control
using antibiotics, the following are recommended: (1) cleaning contaminated
tissues by washing in distilled water, dipping in antibiotic solution before culturing
in the physiological medium; (2) sterilizing tools (scalpels and forceps at 180 deg
C/2 h); and (3) using young date palm tissues in culture (Benjama et al. 2001).

Adopting certain measures, namely: culturing of plant parts during winter and
spring seasons, addition of antibiotics to media also can be used to reduce
bacterial contamination (Alkhateeb and Ali-Dinar, 2002). Zacchini and Agazio
(2004) reported that mercury chloride and sodium hypochloride in the sterilization
step and antibiotics in culture media allowed to overcome the heavy pathogen
contamination in shoot culture of Nebbiara olive.

2.1.4 Early rooting of tissue cultured buds

Early rooting of buds generally reduces their ability to multiply during tissue
culture stages. Rooting reduces the ability of buds to multiply by diverting most
tissue nutrients to root formation rather than to bud shoot formation (Fig. 6). The
rooting conditions normally result from the presence of high auxin concentrations
that encourage rooting. Furthermore, low concentrations of minerals in culture
media and incubation of culture in darkness also lead to early rooting of buds. Use
of low concentrations of auxins, particularly NAA can reduce the phenomenon
(Alkhateeb et al. 2006).

2.1.5 Deterioration of embryonic callus and its inability to form embryos

The embryonic callus normally losses its ability to form vegetative embryos
after continuous transference of callus in the same media for longer periods of time
(Fig. 7). The callus changes from nodular form of embryos to soft tissues that turn
to brown color due to accumulation of phenolic compounds. Use of low
concentrations of hormones in media or less frequency of callus transference can
reduce occurrence of phenomenon (Alkhateeb et al. 2006).

2.1.6 Callus formation on bases of rooting plantlets

The occurrence of callus on bases of in vitro plantlets during rooting stage
hampers and slows root formation (Fig. 8). Under these conditions, developed roots
normally have weak connection to plantlet base and formed plants have low
chances of success. Using low concentration of auxins can reduce the phenomenon
(Alkhateeb and Ali-Dinar, 2002).

2.2 At field level
Under certain conditions micropropagation techniques often lead to somaclonal
variation between date palm plants. Most somaclonal variations in tissue culture

88



Scientific Journal of King Faisal University (Basic and Applied Sciences) Vol.9 No.2 1429 (2008)

b. Production of disease free date palm plants.

c. Tissue cultured date palm plants are mostly with uniform growth,
identical to mother plants and normally fruit after 4 years from planting.

d. Tissue cultured date palm plants are easy to handle during
transportation.

e. Tissue cultured date palm plants have rapid growth and almost 100%
survival rate compared to vegetative offshoots due to the presence of a
strong root system on them.

f. The technique can be used for genetical improvement of date palm
plants e.g. development of tolerant date palm plants to environmental
stresses, diseases etc... through cell and protoplast culture, in vitro
mutagenesis, in vitro selection of cells with required genetical
characteristics and gene transfer.

2. Problems often encountered by using tissue culture techniques
Several technical problems may be encountered during the different stages of
tissue culture at the laboratory and field levels as following:

2.1 At laboratory level
2.1.1 Browning of cultured tissues

This phenomenon results from physiological changes within the cultured
tissues that lead to gradual browning and eventual death of tissues (Fig. 4). The
browning appears due to the oxidation of phenols within the tissues (Alkhateeb
and Ali-Dinar, 2002). Tissue browning is a problem frequently observed during in
vitro establishment of explants from woody plants (Block and Lankes, 1996). The
problem of phenolic browning was minimized to a great extent by leaching of
phenolic compounds due to agitation in antioxidants solution and by proper drying
of explants prior to inoculation (Meghwal et al. 2001). Adopting certain measures,
namely: culturing of plant parts during winter and spring seasons, inocubation of
tissues in the dark especially in the first three months, and adding charcoal to the
medium can reduce this phenomenon.

2.1.2 Vitrification of tissues

It appears due to accumulation of water within the cultured tissues which
reduces their growth and leads to death. This physiological condition generally
result from several factors; use of liquid media, use of high concentrations of plant
hormones and/ or ammonium, presence of high humidity levels and gases,
particularly, ethylene inside culture tubes. Certain measures can be used to reduce
this phenomenon, such as use of solid media, reduction of hormonal and
ammonium concentrations, increase agar concentration and use of tube covers that
allow proper leakage of gases (Alkhateeb et al. 20006).
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tissue culture are normal and true-to-type, several typical abnormal phenotypes can
be detected (Gurevich er al. 2005). Tissue culture as a recent developed
propagation tool has made a tremendous positive impact on the agricultural sector.
The tissue culture derived plants are much safer than the conventional offshoots
since they are free of the major diseases and pests such as ‘Bayoud’ and Red Palm
Weevil. Furthermore, since all contaminated cultures are discarded from the
process, only healthy plants are released to the growers (Aaouine, 2003). Al-
Maarie (1995) and Alkhateeb and Ali-Dinar (2002) pointed out several advantages
of this technique on date palm.

Normally, date palm is propagated in vitro by three methods; namely:
embryogenesis, organogenesis and using young flowers. Each method has its
advantages and disadvantages (Alkhateeb and Ali-Dinar, 2002). In embryogenesis,
vegetative embryos can be continuously formed from embryogenic callus. The
technique depends on culturing proper plant parts on nutritional media with high
auxin concentrations to induce callus formation. The callus can be increased
abundantly by continuous transference on proper nutritional media for rapid
multiplication of callus tissues. The embryogenesis method is characterized by its
ability to produce many plants in shorter periods of time (Fig. 1) as mentioned by
Alkhateeb et al. 2006.

Organogenesis provides date palm buds that eventually produce plantlets
without passing through the callus stage. Relatively few plantlets can be produced
with this procedure in longer period of time compared to embryogenesis. However,
since plantlets are produced directly from tissues of mother plant without passing
through callus stage, they are typically identical to mother plant as shown in Fig. 2
(Aaouine, 2000, Alkhateeb and Ali-Dinar, 2002, Omer et al. 1992). Third method
is In vitro propagation using young flowers in which vegetative embryos can
be inducing from embryogenic callus. The technique depends on culturing
of date palm young flowers on nutritional media with high auxin
concentrations to induce callus formation. The callus can be increased
abundantly by continuous transference on proper nutritional media for rapid
multiplication of callus tissues (Fig. 3) (Alkhateeb et al., 2000).
Morphological responses were found dependent on the age and
physiological stage of the explant as well as the hormones concentration of
medium.

1. Advantages of using tissue culture techniques

Tissue culture as a recent developed propagation tool has made a
tremendous positive impact on the agricultural sector. The following points
reflect some of the advatages of this technique (Al-Maarie, 1995):

a. Production of many date palm plants from fewer ones, particularly, with
high quality cultivars like ‘Barhee’ date palm.
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A review
The Problems Facing the Use of Tissue Culture
Technique in Date Palm (Phoenix dactylifera L.)

Abdullatif Ali Alkhateeb

Date Palm Research Center, King Faisal University,
Alhassa, Saudi Arabia

Abstract :

Tissue culture is a recent technique mainly used for bulk rapid
propagation of several commercial plant species including date palm
(Phoenix dactylifera). Normally, date palm is propagated in vitro by three

methods: the first method is by embryogenesis in which vegetative embryos
can continuously be formed from embryogenic callus. The embryogenesis
method is characterized by its ability to produce many plants in shorter
periods. The second procedure is organogenesis which provides date palm
buds that eventually give plantlets without passing through the callus stage.
However, since plantlets are produced directly from tissues of mother plant
without passing through callus stage, they are typically identical to mother
plant. The third method is in vitro propagation using young flowers in which
vegetative embryos can be inducing from embryogenic callus. This
technique depends on culturing of date palm young flowers on nutritional
media with high auxin concentrations to induce callus formation. There are
some major obstacles in practical application of date palm tissue culture in
the laboratory such as: browning of cultured tissues, vitrification of tissues,
bacterial and fungal contaminations, early rooting of tissue cultured buds,
deterioration of embryonic callus and its inability to form embryos, callus
formation on bases of rooting plantlets. The identified abnormalities and
variations in date palm plants produced from tissue culture, such as failure of
fruit set, multiple carpels, dwarfism of date palm trees, albinism of leaves,
abnormal growth and development of leaves and fruit strands, terminal bud
bending, dryness of apical bud and changes in fruit quality were also
discussed. In conclusion, most of these abnormalities mentioned previously
recover in most cases as the plants get old (10-year-old).

Key words: browning, callus, contamination, somaclonal variation, date
palm, dwarfism, fruit set, Phoenix dactylifera , problems,
tissue culture

Introduction:

Date palm (Phoenix dactylifera L.) is a major tree crop in arid regions of the
Middle East and North Africa. It has an important impact on the economy of many
countries in these regions. Date palm is traditionally propagated through offshoots.
The development of propagation methods through tissue culture resulted in
massive expansion of date palm plantations. While most trees generated from
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Fig. 1. Cumulative germination of Doum seeds. Germination is expressed as
percentage of tested seeds. Different letters indicate significant difference (P < 0.05)
between final germination after 70 days at the conditions in which seeds are
germinated.

In conclusion, scarification treatments were one for the most effective
methods for germinating Doum seeds. These treatments -effectively
overcome the dormancy and increased germination in Doum. Mechanical
and acid scarifications were most effective for inducing germination are
possibly a greater reflection of agents that stimulate germination in the soil.
Thus scarification technique can be employed to propagate Doum for
rehabilitation or horticulture programs and would be also effective in
propagating congeneric rare species. Although, these treatments stimulated
the germination of many seeds, those with physiological dormancy
remained dormant. During storage these Doum seeds may not have received
the environmental cues required to overcome dormancy and allow
germination in response to the treatments tested.
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germination level. The germination rate of hot water scarified seeds was
similar to that recorded by mechanical scarification but slower to some
extent.

Under natural conditions a number of factors are acting alone or in
combination for producing the crack of the tegumentary barrier.
Temperature oscillation and the alternance of dry and wet periods (Van
Assche et al., 2003, Egley, 1995 and Ungar, 1988), bacteria and other soil
microorganism action, and the chemical scarification suffered throughout
the herbivore digestive system (Pereiras et al, 1987).

Mechanical scarification via abrasion for 20 minutes improved the
seedling emergence. A longer period of abrasion would probably have made
the seed coat permeable to water since nicking the seeds permitted
imbibition. Manual mechanical scarification of individual seed of Doum
significantly improved seedling emergence or germination compared to the
control. Seed placed in water at 90°C that was allowed to cool for 24 hr
increased the seedling emergency but was not as effective as acid or
mechanical scarification
(Table 1). It is not similar to that of the greenhouse where temperature
plays a significant role in reducing seedling emergence.

Scarification with sulphuric acid resulted in reducing germination rates
compared to the germination of mechanically scarified seeds (Fig. 1.). In
these treatments the Tsy values were 11.6 and 9.4 days.

These differences in germination rates have been interpreted as a result
of the effect of mechanical and chemical scarification pretreatments on the
seed coat structures in species with hard coat seeds (Thanos et al., 1992).
The slow germination rate of softened seeds by soaking in hot water has
been previously considered as an obvious ecological advantage in the
summer-dry climatic conditions (Norman et al., 2002 and Thanos et al.,
1992). It could be interpreted as a delaying the mechanism which prevents
germination under conditions of occasional rainfall during the summer and
early autumn which do not provide enough moisture for subsequent
establishment and growth.
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as dormant. Of the three treatments applied, soaking in hot water, produced
the lowest germination values. Germination of hot water scarified seeds was
lower than that of mechanically scarified seeds and almost similar to
control.

Table (1)
Effect of scarification treatments on germination % and time
to reach 50% germination (days).

Scarification treatment % Tso
Control 19¢ > 70a
Acid for 30 min + soak in water 24 hr. 77c 11.6b
Acid for 60 min + soak in water 24 hr 85b 9.4b
Abrasion for 10 min + soak in water 24 hr. 9la 7.1c
Abrasion for 30 min + soak in water 24 hr. 93a 5.4c
Hot water + soak in water for 24 hr. 46d > 70a

Means follow by the same letter in each column are not significantly different
using Duncan multiple range test at the 0.05 probability level.

In the present experiment the mechanical and chemical treatments
showed higher germination values than the hot water soaking, thus
indicating that mechanisms related to seed coat breakage and dissolution
such as abrasion, animal predation or the action of soil acids could be
connected to increased seed coat permeability. At present, however, the
literature provides little information on their effects.

The germination percentages and germination rates differed significantly
among treatments (Table 1). Al treatments analyzed, produced significant
differences in the cumulative germination percentage in relation to
germination of seeds soaked for 24 hr.

Soaking the seeds in water for 24 hr did not increase germination
capability (Table 1), as the cumulative germination percentage was 15.4%.
In contrast, scarification with sulphuric acid for 30 minutes showed
significant difference in germination capability of Doum seed which
reached a value of 77%.

The germinability of untreated seeds was generally low (15.4%) the
germination rate of untreated seeds was considerably slower than that of
mechanically scarified seeds. The mechanical scarification of the seed coat
resulted in a pronounced increase of germinability, with final germination
was recorded 91% and 93% (Table 1), and the Ts, values decreased to 7.1
and 5.4 days (Table 1). Hot water scarification also increased the final
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in a completely randomized design (CRD) on a mist bench (mist interval of
5 sec every 30 min for 10 hrs.). Four replicates were considered for each
treatment. The greenhouse temperature ranged from 26.7 to 29.4C during
the day and 18.3 to 21.1C at night. The experiment was conducted under
natural photoperiod and irradiance. A seed was considered to have
germinated when the radicle could be seen. Data for germination were
recorded at the interval of three days and the germinated seeds were
removed for plantation. The percentage of germination and the germination
rate were evaluated until no further seeds germinated.

Counts continued for 70 days to allow calculation of total germination
percent and time to 50% germination (Tsg). The effects of scarification
treatments on both variables were tested by the analysis of variance
(ANOVA). Differences between treatments after ANOVA were carried out
through means comparison contrasts. Inspection of residuals was carried out
to check for normality and homoscedasticity. Date for germination
percentage and rate were transformed (arcsine of square root and log
respectively) prior to analysis. Means were separated using Duncans
multiple range test at P<0.05 (Steel and Torrie, 1996).

Results and Discussion:

Seeds of many desert and semidesert plants fail to germinate because of
the impermeable seed coat. The method of scarification was found to
artificially increasing the permeability of an impermeable seed coat have
been used in the earlier investigations (Escudero et al., 1997, Baskin and
Baskin, 1998, Bewley, 1997, Keeley, 1991, Corral et al., 1990 and
Cavanagh, 1980). Doum seeds present physical dormancy, as described by
Moussa and Margolis (1998) and Davies and Pritchard (1998) due to hard
seed coat which is impermeable to water. When the cover was broken using
a mechanical scarification method which resulted in quick germination.
Permeability in hard-coated seeds can be increased through artificial
techniques (Van Assche et al.,, 2003), such as subjecting the seeds to
chemical, thermal, mechanical or pressure techniques. Some of these
mechanisms occur with high frequency under natural conditions, for
example during wildfires, mechanical abrasion, digestion by birds and
mammals, or soil temperature changes (Baskin and Baskin 1998).

The scarification treatments had an effect on reducing the dormancy of
the seed and subsequent germination (Table 1). Percentage of seed
germination was recorded as 19% in the control (no scarification). The seeds
germinate when conditions are adequate perhaps because their seed coat is
permeable to water. The seeds which did not germinate were not considered
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It is often recommended to reduce the hardness of seed coat
mechanically or chemically to facilitate hydration (Moussa et al., 1998).
Scarification of seeds involves thinning the endocarp of the seed which may
impede imbibition of water. It may be accomplished mechanically, by
abrading the surface of the seed until the endosperm becomes visible, or by
soaking the seed in different concentrations of sulfuric acid (H,SO4) for 10
to 30 minutes. It has been shown that scarification increases the germination
percent of palm seeds with water-impermeable hard endocarp (Nagao et al.,
1980, Murakami and Rauch, 1998 and Banks and Marcuss, 1999). This
method is recommended only for those seeds that are very hard to
germinate, as damage to the embryo during the process can be high
(Meerow, 1990). Scarification has also increased the rate of germination of
a number of palm species with hard and water-impermeable seed coats
(Holmquist and Popenoe, 1967; Nagao et al., 1980 and Odetola, 1978). The
effect of mechanical or acid scarification is the damage to the embryo
during the process.

In the present investigation, seed germination of Doum from
southwestern Saudi Arabia was studied under experimental conditions to
ascertain the effects of different conditions of soaking, mechanical and
sulphuric acid scarification on germination.

Materials and Methods :

Behavior of seed germination of Doum (H. thebaica Mart.) has been
studied under controlled conditions. Mature fruits were collected in the first
week of March 2006 from plants growing in western Saudi Arabia from the
trees that showed highest fructification. Fruits were scarified using acid, hot
water, or mechanical abrasion. Seeds were acid scarified using sulfuric acid
for 30 and 60 min. To assure uniform coverage, the acid was stirred with a
glass rod. The acid was decanted and seeds were rinsed under running tap
water for 2 hr. Acid-scarified seeds were then immersed for 24 hr in tap
water. Hot water scarification was accomplished by immersing seed in tap
water 90°C and finally allowed to cool for 24 hr. Mechanical scarification
was done for 20 or 30 min using 60 grit, D-weight, aluminum oxide
sandpapers (Abrasive Leaders and Innovators, Fairborn, OH). Lining a tube
with the sandpaper and moving back and forth in a horizontal motion until
the scarified surfaces of the seeds were clearly visible. For control the seeds
were soaked in tap water for 24 hr.

The seeds were placed in plastic boxes with sand (60% of humidity,
placing water according to weight in each three days). Boxes were arranged
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Doum palm (Hyphaene thebaica Mart.) is a desert palm native to the
Kingdom, sub-Saharan Africa and West India. It is known in the Kingdom
which grow to 6 or 9 m and usually has forked stems with fan shaped
leaves, 65-75 cm long. It is listed as one of the useful plants of the world
(Fletcher, 1977). The trunks of the palm are used as part of construction, as
well as for manufacture of various domestic utensils and the leaves are used
to make mats, packing and writing paper. The oblong, yellow-orange apple
sized fruit has a red outer skin, a thick, spongy and rather sweet fibrous fruit
pulp (mesocarp) that tastes like gingerbread and a large kernel. Doum palm
seeds have a hard seed coat under the fleshy fibrous pericarp.

In recent years, there has been a growing interest in palms, at
commercial level, throughout the world. This has helped to stimulate
interest in adding greater diversity in the palm species that are available for
cultivation. Presently research in the Kingdom is oriented for the protection
and propagation of endangered palms. There are over 2500 species of
palms with more than 800 species in cultivation (Ellison and Ellison, 2001).
More than 50 species have potential for cultivation in a desert climate and
only 8 to 10 species are commonly propagated in the Kingdom of Saudi
Arabia.

Palms are unique among woody ornamental plants since, with certain
exceptions (date palm, oil palm), palm species can be propagated from seed.
Delayed and uneven seed germination is common in nursery state. It has
been estimated that over 25% of all palm species require over 100 days to
germinate and they have less than 20% total germination (Banks and
Marcus, 1999). The reasons for this remain obscure, as little research work
has been accomplished on seed dormancy in palms.

Considering the slow and uneven seed germination factor of Doum
treatments of seed before sowing that might enhance germination
performance.

A fairly universal recommendation for enhancing germination been has
to soak seed in water for 1 to 7 days. Such a pretreatment is useful only
after dormancy requirements have been met, though few palm species have
been tested for indications of seed dormancy (Broschat and Donselman,
1987). The seed must be planted immediately after the treatment. Storage
may induce a secondary dormancy due to water imbibed during treatment.
Not all species respond positively to a water soak treatment (Broschat and
Donselman, 1987 and Rauch, 1998).
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Abstract:

Seed dormancy is a means to allow seeds to initiate germination when
conditions are normally favorable for germination and survival of the
seedlings. Dormancy can be regulated by the environment or by the seed
itself. The seed dormancy may be due to unfavorable environmental
conditions or sometimes, some seeds may not germinate because of some
inhibitory factor of the seed itself. Dormancy of seed due to inhibitory
factors, are either due to hard seed coat (external) or physical of
physiological status of the interior of the seed. Seed dormancy in Doum
palm (H. thebaica Mart) belongs to the first type. Tropical tree species that
produces seeds with hard seed coat such as Doum which is a common
component of flora of the southwestern Saudi Arabia are restricted in their
distribution in the region because of the prolong dormancy and poor
germination rate. The treatment methods for scarification proved effective to
reduce dormancy in Doum seed. Seeds soaked in water showed much lower
germination than the seed soaked in water after mechanical or chemical
scarification. The highest germination percentage (93%) was recorded by
mechanically scarified seed for 30 min and then soaked in water for 24
hours. The sulphuric acid treated seed resulted in a low germination
percentage (32%). The results indicated that the impermeability of the seed
coat of Doum seeds and the need to activate the growth of the embryo by
soaking the seed in hot water are related to the environmental conditions
which affect growth and distribution of Doum in southwestern Saudi Arabia.

Introduction :

Palms are extensively important to most of the world's population as
providers of food and fiber, second only to the grasses that provide the
grains (Ellison and Ellison, 2001). Palms not only provide aesthetic beauty,
but play an important role in the urban environmental diversity of plant
materials. They are an important part of the landscape nursery in warmer
areas of the world and an important part of the interiorscaping industry in
the Kingdom of Saudi Arabia. For many years, only a few palm species that
were easily propagated were grown for both landscape and interior use.
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