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Effect of Fish Meat and Fish Oil Intake on Blood Lipid
Profiles in Hyperlipidemic Rats

Najat Ali Alabbad and Elgasim Ali Elgasim

College of Agricultural and Food Sciences, King Faisal University
Al-Hasa, Saudi Arabia

Abstract:

The objective of the study was to investigate the effect of diets containing
different amount of fish oil and omega-3 fatty acids (in the form of fish meat and
pure fish oil) on the plasma lipid profiles in hyperlipidemic rats. Forty two
hyperlipidemic Wistar albino male rats were randomly divided into 7 groups,
each group was fed one of four diets , one balanced diet (control) and three
experimental diets containing different amount of omega-3 fatty acids and 2 or 4
times of feeding per week for 10 weeks .The biochemeical tests were performed
to determine the levels of triglycerids (TG) , total cholesterol (TC), low density
lipoprotein-cholesterol (LDL-C) and high density lipoprotein-cholesterol
(HDL-C) in the plasma of the rats immediately before the initiation of the
feeding experiment and after 10 weeks . Compared to the balanced diet, diets
containing fish meat or pure fish oil reduced (P<0.05) the level of TG in the
plasma of hyperlipidemic rats. Such an effect increase with the increase of the
number of diets weekly intake. Shaiery and fish oil diets numerically (P<0.05)
reduced TC in the plasma of hyperlipidemic rats compared with control diet . On
the other hand kanad diet either raised (P<0.05) or had no effect (P>0.05) on the
TC compared with the control diet, kanad, shaiery and fish oil diets had a
lowering and raising effect (P<0.05) to LDL-C and HDL-C in the plasma of
hyperlipidemic rats respectively. Such an effect increase and decrease with the
increase of the number of diets weekly intake.
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Effect of Cooking on the Approximate Chemical Composition
of Some Popular Fish in Al-Hassa

Najat Ali Alabbad and Elgasim Ali Elgasim

College of Agricultural and Food Sciences, King Faisal University
Al-Hassa, Saudi Arabia

Abstract:

This research aims to study the effect of cooking on the approximate
composition of some popular fish in Al-Hassa. Also, to study the best methods of
cooking fish. After local screening of the most popular fish in Al-Hassa, 4 types
of fish Kanad, Shaiery, Hamour and Hamra were chosen and cooked by 2 ways,
that is : frying and roasting in oven ( the 2 best ways of cooking fish in A-Hassa).
Subsequently, samples from raw and cooked fresh fish were analyzed chemically
to determine protein, fat, moisture and ash. Further more, other samples from
raw fresh fish were analyzed to estimate their content of total fatty acids and
omega-3 and omega-6.

Kanad was the most commonly consumed (37.69%) followed by Shaiery
(36.92 %), Hamour (35.39%), and Bulti (8.46%) then Hamra and other kinds
(34.62%). The most popular ways of cooking were frying (72.31%) and roasting
(33.85%).

The results of chemical analysis showed that the moisture content was higher
in the raw fish than in cooked fish, whereas the protein and fat contents were
higher in the cooked fish. It was also found that the highest level of total omega-
3 was in Shaiery, followed by Kanad, Hamour, Hamra and lastly Bulti , whereas
the highest level of omega-3 to omega-6 were found in Hamra, followed by
Kanad, Shaiery, Hamour and lastly Bulti.
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Factors Affecting residential Units Rent in Dammam
Khobar & Hufof Cities, Saudi Arabia

Abdullah A - Al Kadi & Ahmed J. Al- Jarallah

Department Of Urban & Regional Planning, College of Architecture & Planning
King Faisal University, Dammam, Saudi Arabia

Abstract:

The aim of this study is to determine factors affecting
residentional units rent in Dammam, Khobar & Hufof cities. To
accomplish the above goal the relationships between housing rent
and sixteen variables related to accessiblty, building
characteriestics, and houses characteriestics were analyized.

Step-wise regression analysis revealed that variables such as:
. rent in khobar.

. number of rooms.

. area of lot.

. area of residentional units.

. rent in Dammam.

. building quailty.

. distance to CBD.

N NN AW

are determinate of housing rent in these cities. The above three
variables togther explianed more than 89% of the variation in
housing rent in the three cities.

Accordingly, the study provided some recommendations for
further recseach and decison makers of houseing rent.

Keywords: Urban Rlanning, Residential Units Rent, Stepwise
Regression Analysis, Dammam, Khobar, Hufof, Saudi Arabia.
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Discussion
Aspergillus species are the most common mold causing severe invasive

infections in immunocompromized individuals 0-12)  Flyconazole and

ketoconazole are inactive against Aspergillus (20-22) Currently amphotericin B
1s most widely used against aspergillus infection, but failure of ampoterricin B
treatment against invasive aspergillosis has also been reported. Overall, the
response to amphotericin B remains poor, with a favourable outcome in only
30-40% of treated patients 23,24 56 a newer effective drug is required for
invasive aspergillosis.

Successful validation of amphotericin B testing against Aspergillus species
has been problematic 9 In the present study more than 80% inhibition was
obtained with amphotericine B at a concentarion of 0.062 mg/ml and more than
50% inhibition was shown by 0.0075 mg/ml, which also seems very high.

In the present study we observed a dose related anti-aspergillus effect of
thymoquinone. Previous reports also showed concentration-dependent
inhibition of growth of Gram-positive & Gram-negative bacteria, and yeasts by
N. sativa seed and hexane-extracted N. sativa oil 72, Thymoquinone showed
compareable activity against Aspergillus niger although in relatively higher
concentrations. However, thymoquinine at lower concentrations did not show
compareable activity.

Possibly our study will promote further investigations to determine
usefulness of thymoquinone and related compounds against aspergillosis and
other opportunistic mold infections.
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ml of DMSO and then serially diluted in dermasel agar to give final
concentrations of 2.0, 1.0, 0.5, 0.25, 0.125, 0.062, 0.031, 0.015 & 0.0075
mg/ml. Four plates were used for each concentration of thymoquinone and
amphotericin B. Four plates of dermasel agar alone were prepared as a control
containing corresponding amounts of solvents.

C. Susceptibility Testing

Susceptibility testing was carried out as described Ali-Shtayeh B A5
mm in diameter mycelial disc of Aspergillus niger, cut from the periphery of
48-72 hours old culture in dermasel agar was aseptically inoculated onto each
set of above mentioned plates. The inoculated plates were incubated at 30°C
for 96 hours. The growth was examined after 48 & 96 hours of inoculation and
results were interpreted by measurement of the mean diameter of the growth.
The percentage inhibition of Aspergillus niger with different concentrations of
thymoquinone and amphotericin B was then calculated by taking its growth on
non-drug dermasel agar as 100%. Minimum inhibitory concentration (MIC) of
thymoquinone and amphotericin B was determined as their minimum
concentration showing >90% inhibition of growth of the fungus.

Results

There was 16.7, 36.2, 47.3, 67.8, 90.6 & 100% inhibition of growth of
Aspergillus niger with 0.062, 0.125, 0.25, 0.5, 1.0 & 2.0 mg/ml of
thymoquinone, giving MIC of 1.0 mg /ml when growth recorded after 96
hours. The growth on the control plates after 96 hours was considered as 100%.
Similarly, there was 52.3, 65.1, 76.7, 81.6, 84.7, 85.6, 90.7, 92 & 93.8%
inhibition of growth with 0.007, 0.015, 0.031, 0.062, 0.125, 0.25, 0.5, 1.0 & 2.0
mg/ml of amphotericin B, giving MIC of 0.5mg/ml. Results are shown in table
1.

Table (1)
Percentage inhibition of growth of Aspergillus niger ATCC 16404 with different
concentrations of thymoquinone and amphotericin B after 96 hours.

Concentrations of drugs used (mg/ml)

2.0 1.0 0.5 0.25 | 0.125 | 0.062 | 0.031 | 0.015 | 0.0075

Thymoquinone 100 | 90.6 | 67.6 | 473 | 362 | 16.7 | NT* | NT NT

Amphotericin B | 938 92 90.7 | 85.6 | 84.7 | 81.6 | 76.7 | 65.1 | 52.3

*NT: Not tested (Virtually no inhibition observed in initial experiments).
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Introduction:
Nigella sativa, called as Habbah Al-Sauda in Arabic countries, is
commonly used as a natural remedy for many ailments over 2000 years and is

frequently added to bread and prickles as a flavouring agent(l). Many active
principles including thymoquinone, have been isolated from N. sativa seed @-

D, Activity of N.sativa oil, ether extract and its active principles has been
reported in the literature against a number of bacteria (including
Staphylococcus aureus, Pseudomonas aeruginosa & Escherichia coli) and a
yeast, like Candida albicans &9 More recently ether extract of N. sativa and
thymoquinone have been reported to possess antifungal activity against

dermatophytes(g).

Aspergillus species are the most common mold causing severe

infections%12), Aspergillus niger is a filamentous mold. Even though
filamentous molds are ubiquitous in the environment, only over the past two
decades have such saprophytic fungi emerged as a major threat in patients with
compromised host defenses, such as those with hematologic malignancies,
bone marrow transplant recipients and HIV infection and is reported to cause
cutaneous infection, paranasal aspergilloma and osteitis of middle ear in such
patients (13-16) Aspergillus niger is also reported to cause endocarditis after
heart surgery and infection of exenterated orbit even in immunocompetent

patients a7,18)

In this paper we report the findings of the study of antifungal activity of
thymoquinone, an active principle of Nigella sativa, and amphotericin B
against Aspergillus niger.

Materials and Methods
a. Growth and identification of Aspergillus niger

A standard strain of Aspergillus niger, ATCC 16404, was cultured on
dermasel agar (Oxoid). The plates were incubated at 30°C for 96 hours. The
growth was identified as Aspergillus niger by colonial morphology and by
microscopy after staining with lactophenol cotton blue.

b. Preparation of Reagents & Media

Thymoquinone (Aldrich, USA) was dissolved in 5 ml of ethanol and then
mixed with sufficient amount of pre-sterilized dermasel agar to obtain serial
dilutions containing 2.0, 1.0, 0.5, 0.25, 0.125, & 0.062 mg/ml of
thymoquinone. Similarly amphotericin B (SIGMA, USA) was dissolved in 5
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Anti-Fungal Activity of Thymoquinone and Amphotericine B
Against Aspergillus Niger

Abdul Rahman Al-Qurashi’, Naeem Akhtar*, Saleh Al-Jabr™,
Omar AL-Akloby", Mohammad Akram Randhawa™"

Departments of Microbiology,” Dermatology,” and Pharmacology,”™
College of Medicine, King Faisal University,
Dammam, Saudi Arabia.

Abstract:

Activity of Nigella sativa oil, ether extract and some of its
active principles have been reported in the literature against a
number of bacteria and Candida albicans. In the present study the
effect of thymoquinone, an active principle of N. sativa and
amphotericine B was determined against Aspergillus niger ATCC
16404. The organism was grown on dermasel agar containing
0.062, 0.125, 0.25, 0.5, 1.0 & 2.0 mg/ml of thymoquinone and
dermasel agar alone as a control. There was 16.7, 36.2, 47.3, 67.8,
90.6 & 100% inhibition of growth of Aspergillus niger with these
concentrations after 96 hours of incubation. Growth on the control
plate after 96 hours was considered as 100%. Similarly there was
52.3, 65.1, 76.7, 81.6, 84.7, 85.6, 90.7, 92 and 93.8% inhibition of
growth with 0.007, 0.015, 0.031, 0.062, 0.125, 0.25, 0.5, 1.0 and
2.0mg/ml of amphotericin B.

Key words: Aspergillus niger, Nigella sativa, thymoquinone, amphotericin B
and mycoses
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to those reported by Faye and Bengoumi (1997). These results confirmed the
low values observed on camels in comparisons to other ruminants. It is known
that camels graze more forage trees than grasses and leaves from trees are
generally richer in copper than other parts of the plant (Rutagwenda et al 1990)
. Zinc values are similar to those reported for camels (Berngoumi et a/ 1995,
Faye and Bengoumi 1997), but lower than the deficiency threshold admitted to
ruminants which is 7.0nug/100ml (Faye and Bengoumi 1997). Therefore it
could be considered that zinc deficient threshold for camel is below 4.9ug/ml.

In Conclusion, there are few variation between the present findings and
those from previous workers that may be attributed to the breed differences,
nutrition, husbandry or assay methodology.
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observed that lymphocytes and eosinophils appear together to reciprocate the
neutrophils in different seasons.

Similar values of serum proteins in this study were obtained by other
workers (Soliman and shaker 1967, Ghodsian et al 1978, Abdo et al 1987 ,
Mehrotra and Gupta 1989, AL-Ani ef al 1992 , Nyang, ao 1997) . However the
mean serum albumin concentration and A/G ratio were significantly higher
than those in other ruminants (Sarwar et al 1992) being more than one . This
probably makes it possible to maintain the high colloid osmotic pressure
needed for storing water in blood or regulating water balance . Furthermore , it
has been shown that the A/G ratio decreased by about 25% when camel was
taken from semi — desert pasture to artificial feeding (Ghosal et al 1975).

The blood urea nitrogen (BUN), creatinine, cholesterol and enzymes were
similar to the reference values for cattle (Zongping 2003) and the dromedary
camels (Abdelgadir et a/ 1984, Wahbi et al 1984 , Eldiridiri et al 1987,
Bengoumi et al 1999). The exceptionally high level BUN in camels in
comparison to other livestock is of interest in view of camel’s ability to utilize
urinary nitrogen at times of poor grazing or water deprivation.

Similar value of AST has been established by several workers (Boid et a/
1980, Eldirdiri et al 1987). AST lacks organ specificity but is present in
skeletal muscle, cardiac muscle and liver of large animals and pathological
changes in these organs elevate the activity of AST in the blood (Kaneko
1989). Like other animals the serum level of ALT in conjunction with other
enzymes may be useful indicator for hepatic or muscular damage (Kaeneko
1989), but Kerr (1989) considers ALT as non specific index for liver
investigations.

The values of CK presented here was lower than values reported else
where (AL-Ali et al 1988, Beaunoyer 1992, Nyang’ao et al 1997). Skeletal
muscle are the richest source of serum CK. Therefore it is the most widely used
serum enzyme determination in muscular disease of large animals (Kaneko
1989). Normal LD values reported here was similar to that reported by other
workers (Nyang’ao ef al 1997). LD is not organ — specific and may be of value
in conjunction with other enzymes (Coodley 1970). The sodium and potassium
concentration were similar to those obtained by Rezakhani et al (1997) in
Turkmen camel but higher than those obtained by AL-Ani et al (1992) in Iraqi
camels. The mean values of serum calcium in this study are in agreement with
those reported by soliman and Shaker (1967), AL-Ani et al 1992 and
Rezakhani et a/ (1997). The values of copper reported in this study are similar
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Results of erythrocytic indices and leucocytic series are shown in Tablel.
Statistical analysis showed non-significant breed or sex effect (P values varied
between 0.1 to 0.8 ). Therefore results for breed and sex for each parameter
were poled and one mean for all camel is given in Tablel. The lymphocytes
were the predominant cells of total leucocyte count (51.45 + 1.7%) followed by
the neutrophils (37.45 + 0.71%), few monocytes (6.99 + 0.65%) and
eosinophils (4.86 = 1.22%) and rarely basophils (0.82 + 0.19%) were the main
feature of leucocytic series. The PCV was 25.85 + 1.2%, RBC 7.72 = 0.51 x
10%uL, Hb 12.7 = 0.51¢/dL and ESR 8.1 = 0.42 mm/8 hours.

Serum protein values are shown in Table2. There was no statistical
differences between either breeds or sexes (P values varied between 0.1 to 0.6).
Albumin was the predominant serum protein and y-globulin was the
predominant globulin . The A/G ratio was more than one.

Non-significant difference in blood urea nitrogen, creatinine, cholesterol,
enzymes and trace elements were shown among breeds and sexes (Table 3).

Discussion:

The haematological values presented in this study were within the
reference ranges to those reported elsewhere for the dromedary (Abdelgadir et
al 1984; Mehrotra and Gupta 1997). Compared to other species like horse and
ruminants camels have more RBC but lower PCV (Schalm et al 1975).
Consequently the MCHC was also higher than in any other species as the PCV
is the denominator in the formula which determines MCHC (Jain 1986). The
finding that RBC count was higher and PCV value was lower in the camel
compared to other species is because of the smaller elliptical cells pack tighter
in the camel. The RBC count was inversely proportional to MCV, the
indicator of red cell size . This is in line with the belief that the smaller the size
of red cells the greater their number per unit volume of blood (Kerr 1989).

The values obtained in this study for WBC count is comparable to values
reported in other studies (Lakhotia et a/ 1964, Soliman and Shaker 1967, AL-
Ani et al 1992) . However the most frequent white cells are not neutophils but
lymphocytes . In this study the percentage of lymphocytes was 50.13 + 1.7 and
neutrophils was 37.45 = 0.71. Corresponding values of lymphocyte and
neutrophil counts were 29 and 58% in Iranian camels (Ghodsian et al 1978),
45.9 and 48.11% in Turkmen camels (Rezakhari et al 1997) 50 and 36.6% , in
Pakistani camels (Majeed et a/ 1980) and 56 and 38% , respectively in kenyian
camels (Nyang, ao et al 1997). These differences could be due to the different
breeds of camels used . This in part confirms Majeed et al (1980) findings who
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study. The selection of these breeds was based on the finding that they are the
most numerous and widely distributed camels in Saudi Arabia (Al-Eknah et al
1997) . Each breed of Animals were housed together . Animals were fed on
natural pasture . In addition each camel was offered craked barley, Berseem,
hay and free supply of mineral salt licks. Water was provided ad libitum.

b. Collection of blood samples :
Blood samples 10ml were collected from jugular vein in two sets. One
containing EDTA and the other without EDTA for serum seperation .

c. Determination of haematological parameters :

Erythorcyte sedimentation rate (ESR) was determined by westeregen
sedimentation tubes. Packed cell volume (PCV) was determined by
microhaematocrit method . Haemoglobin (Hb), number of red blood cells
(RBC) and Leucocytes (TLC) were determined by electronic counter (Model
ZB1, Coulter Electronics, Hialeah, USA) . Thin blood smears for differential
TLC were air dried, fixed in double distilled methanol and stained with
Giemsa. At least 200 cells were counted under light microscope. Mean
corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean
corpuscular haemoglobin concentration (MCHC) were calculated according to
formulae of Coles (1986) .

d. Determination of biochemical parameters :

The VETTEST 8008 biochemical analyzer (Sanofi Animal Health Ltd.,
England) was used to determine the serum concentration of total protein, blood
urea nitrogen, creatinine and cholesterol. Alanine aminotransferase (ALT),
aspartate aminotransferase (AST), lactic dehydrogenase (LDH) and Creatinine
kinase (CK) were determined using specific kits .

Serum calcium, copper, potassium, sodium and zinc levels were
determined by Shimadzu AA6800 Atomic Absorption Spectrophotometer.

Serum protein electrophoresis was performed on cellulose acetate plate
using the EA-4 electrophoresis apparatus (Shanghai Medical Apparatus and
Struments Factory, Shanghai, China) according to the method of Henry et al
(1974) .

Statistical analysis :

Data were analysed by one way ANOVA, using GLM procedure of SAS
(Goodnight et al 1986) and Duncan’s multiple range test was used to detect
significant differences among means.
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Some Biochemical and Haematological Indices in
Different Breeds of Camels in Saudi Arabia

Khalid A. AL-Busadah

Department of Physiology, Biochemistry and Pharmacology
College of Veterinary Medicine and Animal Resources
King Faisal University, AL-Ahsa, Saudi Arabia

Abstract:

Normal haematological and biochemical parameters have been determined
in 3 breeds of Arabian camel (Camelus dromedaries) Both males and females
were included in the study. Statistical analysis showed non- significant breed or
sex effect. Compared to other farm animals haematological indices in the camel
characteristically showed that lymphocytes were the predominant leucocytes.
Packed cell volume was lower and mean corpuscular haemoglobin
concentrations were in excess. Albumin/globulin ratio exceeded 1 and y-globulin
was the predominant globulin.

Introduction :

Haematological and biochemical analysis of blood can often provide
valuable information regarding health and sickness of animals. Only limited
information on serum biochemistry and haematology of one humped camel is
available (Lakhotia et al/ 1964, Barakat & Abdel-Fattah 1971, Ghosal et al
1975, Ghodsian et al 1978, Al-Ani et al 1992, Rezakhani et al 1997, Osman
and Al-Busadah, 2000), but in most of these studies, the number of animals
used were very low and the animals were from different climatic conditions.
Thus the values obtained in one country could not be taken as standard in other
countries having different climate. Since the camel is an adaptable species , the
standard haematological and serum biochemical values need to be determined
in a number of animals in variable environmental conditions. This study is
designed to investigate the haematological and biochemical indices in some
breeds of Arabian camel.

Materials and Methods
a. Animals :

This study was conducted in the Camel Research center of King Faisal
University in the city of Al-Ahsa, Eastern Region where the climate is
subtropical with mild winter and hot summer (Laben 1980). Twenty healthy
camels of each of Majaheem , Maghateer and Awarik breeds were used in this
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cells at each stage of lactation (Asali, et al., 1998). IL-2, IL-4 and IL-12 level in
mid-lactation was low because of the low level of lymphocytes at this stage. T-
cell population of bovine mammary gland are dominated by CD8" cells, the
CD4"/CD8" ratio increases toward the CD4" at the end of the lactation period
(Asai et al. 1998). Absence of IL-2, IL-4 and IL-12 in mid-lactation therefore,
reflects the low population of T cells population which considered important
cells source of these cytokines.

A significant elevation of gene expression pattern was recorded for IL-12
at late-lactation (Alluwaimi and Cullor, 2002). Therefore, failure in detection
of IL-12 at the PP requires further analysis. IL-8 was detected, but its
transcriptional activity at late-lactation was not increased (Alluwaimi et al.,
2003).

Nevertheless, expressions of these cytokines at the PP most probably do
not enhance the weakened immunity at this period due to the domination of
several immunosuppressant factors, mainly glucorticoid, at the mammary
glands (Guidry et al., 1976).

Cytokines prospect in monitoring udder health is encouraging. However,
lack of user-friendly cytokines-based techniques considered a major factor in
hampering the development of techniques that enable easy udder health
monitoring (Alluwaimi, 2004). RT-PCR could be one of the candidates of
cytokines-based techniques in udder health control. In this study, RT-PCR of
cytokines RNA reflected promising signs of differences at the PP from that of
mid-lactation. Nevertheless, sensitivity and the reproducibility of RT-PCR in
udder health control required further analysis.

Variation in cytokines gene expression at PP could provide considerable
avenue in evaluation the mammary glands at this period. Expression of IL-2
and IL-4 in addition to other cytokines that are expressed in mid-lactation
indicates that the mammary glands at PP are not entirely deprived of any
protection. However, the cytokines level and their biological activity need to be
elucidated. In conclusion, this technique could play useful approach as explicit,
reasonably sensitive and straightforward in evaluating the udder health at the
PP.
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Fig-3: The gel electrophoresis of cytokines cDNA of milk cells at the periparturient period.
The bands are, M=markers, 1= IL-1a, 2= IL-1, 3= IL-6, 4=IL-8, 5=IL-10, 6= = IFN-y,
7=TNF-a. Note that IL-2 and IL-4 bands (between bands 2 and 3) were detected but
they were so weak to be visualized in this figure.

Discussion:

Mammary glands are highly susceptible to IMI at the PP (Burton et al,
2001; Nonnecke et al., 2003). Several studies investigated the cytokines
activity at the PP; Asai et al., 1998; Burton et al., 2001; (Sordillo et al., 1991).
However, the majority of these studies limited their scope to IL-2, IFN-y and
TNF-a. In the present study the gene expression of ten cytokines, IL-1a, IL-
1B, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12, IFN-y and TNF-a was explored using
RT-PCR.

The gel electrophoresis of RT-PCR of cytokines cDNA indicated the
significant cytokines expression at the PP. Expression of IL-2, IL-4, and TNF-
o at the PP was reported previously (Sordillo et al., 1991; 1995; Asai et al.,
1998). Despite the evident vulnerability of mammary glands to IMI at the PP,

reports indicated the elevated expression of IL-2, IL-4 and TNF-a at this
period , (Sordillo et al., 1995; Asai et al., 1998).

In this study IL-1a, IL-1p, IL-6, IL-8, IL-10 and IFN-y were also detected
at this period. However, IL-12 ¢cDNA at PP and mid-lactation was not detected.
The level of the cytokines in the mammary glands depends greatly on types of
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Results:
Gel electrophoresis of the cytokines RT-PCR is shown in Fig.1, 2 and 3.

All cytokines were expressed in normal milk except IL-2, IL-4 and IL-12
(Fig.1, 2). However, gel electrophoresis of cDNA from milk cells at the PP
revealed the expression of the whole studied cytokines except IL-12 (Fig.-3).
The bands of IL-2 and IL-4 were too weak to be visualized in fig. 3.

M

Fig. 1: The gel electrophoresis of cytokines cDNA from normal milk cells. The bands are, M=
marker, 1=IL-10, 2= 1L-1§,
3=1L-6, 4=IL-8

Fig. 2: The gel electrophoresis of cytokines cDNA from normal milk cells. The bands are, M=
marker, 1= IL-10, 2= IFN-y, 3= TNF-a.
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RT-PCR

Approximately 1pl of total RNA was reverse transcribed to Complementary
DNA (cDNA) using 20 upl reverse transcription reaction. The mixture
containing final concentration of 5 mM MgCl2, 1X of a 10 X PCR buffer,
2.5uM random hexamers, 1 mM of each of dGTP, dATP, dTTP and dCTP,
1U/ul RNase inhibitor and 2.5 U/ul reverse transcriptase (Gene Amp® RNA
PCR kits, Applied Biosystems, Branchburg, NJ, USA). The mixture was
incubated at 42°C for 15 minutes heated to 99°C for 5 minutes and maintained
at 5°C for 5 minutes using GeneAmp PCR thermocycler system 2400 (Applied
BioSystems, USA).

PCR amplification

The RT product was brought up to 100 pl by adding 80 ul PCR mixture
containing a final concentration of 2mM MgClz, 1X of a 10X PCR buffer, and
2.50/100 wl of Thermus aquticus DNA polymerase (Ampli Taq® DNA
polymerase) and approximately 40-45 pM of forward and reverse primers
(Proligo, USA).

PCR mixture of 100 pl was amplified as stated in table-2 using GeneAmp
PCR thermocycler system 2400 (Applied BioSystems, USA).

Table (2)

PCR profile times and temperature for amplification of the mouse cytokine cDNA

. Each 35 Cycle
Initial step -
Melt Anneal-extend Final step
105 sec. 15 sec. 30 sec. 7 min.
95°C 95°C 60°C 72°C

Agarose gel electrophoresis

The RT-PCR products were run on 1% agarose gels [1g agarose (Sigma
chemical Co, Spain) in 1x tris-acetate EDTA (TAE) buffer (pH 8) (40 mM
Tris-acetate, 1 mM EDTA)]. The gel was fixed in the horizontal gel
electrophoresis apparatus with the addition of 1 L running buffer (1 X TAE
buffer) containing 25 pl of 0.5pg/ml ethidium bromide. The samples and the
100 bp ladder marker (Amersham Pharmacia Biotech Inc., Piscataway, NJ,
USA) were Loaded with 30% glycerol, and run at 90 V for 90 min. The gel
was then visualized with ultra-violet illuminator (Fisher Scientific, USA) and
photographed by the C-5060 digital camera (Olympus, Japan).
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same farm and from the same number of cattle at their mid-lactation (3-4
months postpartum).

Cytokines

The bovine cytokines, IL-1a, IL-183, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12,
IFN-y and TNF-o were studied with RT-PCR. The cytokines foreword and
reverse primers were reported by Riollet e al. (2001) (Table-1).

Table (1)
The foreword (F) and reverse (R) sequences of bovine cytokines primers
Gene Primers 5’ —> 3 cDNA (bp)
L-la ‘F TGCAAGCTATGAGCCACTTC 291
*R  GCATTCCTGGTGGATGACTC
IL-1p F  TGGGAGATGGAAACATCCAG 231
R  TTTATTGACTGCACGGGTGC
L2 F  CTACTTCAAGCTCTACGGGG 248
R TTGATCTCTCTGGGGTTCAG
L4 F  TGCCCCCAAAGAACACAACTG 200
R TTTAGCCTTTCCAAGAGGTC
IL-6 F  TGAAAGCAGCAAGGAGACAC 187
R TGACATTTTCCTGATTTCCC
L8 F  ACTGGCTGTTGCTCTCTTGG 260
R ACCTGCACAACCTTCTGCAC
IL-10 F  TGCACAGCTTACCTGTGACC 177
R CGCAGGGTCTTCAGCTTCTC
IL-12p40 F  AGGTCGTGGTAGAAGCTGTG 275
R CCTTGTGGCATGTGACTTTG
TFN-y F  AGCCCAGATGTAGCTAAGGG 215
R CTCCAGTTTCTCAGAGCTGC
TNF-o. F  AACAGCCCTCTGGTTCAAAC 315
R TCTTGATGGCAGACAGGATG

*F= Foreword
*R=Reverse

RNA extraction

Milk samples were first centrifuged at 700 g for 15min and the pellets were
washed once with RNAse free phosphate buffer saline (Sigma). Total RNA
was then extracted from approximately 5x10° total milk cells using Qiagen
total RNA extraction kit (Qiagen Ltd, Valencia, CA, USA). The procedures
were carried out according to the manufacturer's directions. The total RNA was
eluted using 15-30 pl of 90 °C-heated RNAse free water.
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The level of cytokines and their gene expression indicated considerable
increase at the PP. A marked increase in the mRNA expression of interleukin-2
(IL-2) and interleukin-4 (IL-4) was recorded (Asai et al., 1998). The level of
IL-2 and tumor necrosis factor-a (TNF-o) were shown to increase as
parturition approaches (Sordillo et al., 1991). However, interferon-y (IFN-y)
was barely detectable in the PP (Sordillo et al., 1991, Burton et al., 2001).
Cytokines interleukin-1a (IL-1a), interleukin-1B (IL-1B) interleukin-6 (IL-6),
interleukin-8 (IL-8), interleukin-10 (IL-10) and interleukin-12 (IL-12) were not
addressed at the PP. Interleukin-1 and IL-6 are major proinflammatory
cytokines that play critical role in colifrom mastitis (Shuster et al., 1997).
Interleukin-8 is potent neutrophils-chemoatractant factor (Barber and Yang,
1998). Interleukin-4 and IL-10 in the bovine mammary glands were scarcely
addressed. Interleukin-12 is potent cytokine that enhances the pro Thl
cytokines production and results in considerable mobilization of innate and
humoral immunity (Trinchieri, 1995). Transcriptional activity of IL-12 at the
late lactation has shown a significant increase in comparison to its level at mid-
lactation (Alluwaimi and Cullor, 2002).

In recent years cytokines were employed as adjuvant or as innovative
theraputical means in treatment and/or diagnosis of mastitis (Alluwaimi, 2004).
Cytokines could provide swift, reliable and highly susceptible means in bovine
mastitis diagnosis. Cytokines represents the signals that dictate the scenario of
immune responses of normal and mastitic udder. Hence, Subtle changes in
cytokine network of mammary gland in health and disease could be considered
promising candidate in monitoring the udder health through early detection of
infection and monitoring the effectiveness of therapeutic strategies.

This study is examining the possibility of using the reverse-transcriptase
polymerase chain reaction (RT-PCR) to evaluate the udder health at the PP.
This approach could also be useful in disclosing the efficiency of vaccines or
other hygienic measures that are employed during the PP to amolerate the
susceptibility of mammary glands to IMI. Further aim of this study is to
explore the expression of other cytokines at the PP.

Materials and Methods:
Milk samples

The composite milk samples were collected from three Holstein cattle
(Alreif dairy farm, Al-Ahsaa) at their last 2 weeks of gestation period.
Composite milk samples that were used as control were collected from the
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The Bovine Mammary Glands Cytokines
at the Periparturient Period

Ahmed M. Alluwaimi

Dept. of Microbiology and Parasitology, College of Veterinary Medicine and Animal
Resources, King Faisal University, Al-Ahsa, Saudi Arabia

Abstract

Bovine mammary glands are susceptible to intrammamary infection at the
periparturient period. Cytokines are one of the sensitive means in examining the
immune responses of mammary glands and they could serve as a suitable tool for
the udder health control or in evaluating mastitis treatment or vaccine efficiency
at this period. The gene expression of cytokines, IL-1a, IL-13, IL-2, IL-4, IL-6,
IL-8, IL-10, IL-12, IFN-y and TNF-a were examined in milk cells from cattle
two weeks before their parturition and cattle at their mid-lactation with RT-PCR.
All cytokines were detected in milk cells from periparturient period except IL-
12, whereas in milk cells from mid-lactation, cytokines IL-2, IL-4, and IL-12
cDNA failed to be detected. The results indicated the versatility of this approach
in providing flexible tool to reveal the status of the mammary glands at this
period.

Introduction:

Bovine mammary glands are highly susceptible to intramammary infection
(IMI) at the periparturient period (PP) (Sordillo ef al., 1991;. Park et al., 1992;
Cai et al., 1994; Lee and Kehrli; 1998; Kimura et al., 1999; Burton ef al, 2001,
Nonnecke et al., 2003). The cells populations reveal dramatic changes at the
PP. Park et al. (1992) showed that T- lymphocytes decreased from 62% at late-
lactation to 16% during PP. The CD4"/CD8" cell ratio reached its lowest level
at the late stages of the PP (Park et al., 1992; Asai et al., 1998). Contrary to the
T-lymphocytes percentage, B- lymphocytes increased from 7% at late lactation
to 25% at the PP, whereas level of macrophages peaked to 69%.

Numerous studies delineated the sever impairment of neutrophils function
at the PP (Cai et al., 1994; Lee and Kehrli, 1998; Kimura et al., 1999).
Neutrophils of normal bovine mammary glands at PP expressed apparent
reduction in ingestion capacity, antibody dependent cell mediated cytotoxicity
and random migration (Cai et al., 1994). The capacity of neutrophils to express
adhesion molecules like L-selectin and B2-intgrin diminished markedly (Lee
and Kehrli, 1998; Kimura et al., 1999).
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W
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Fig. 5. plastinated heart of sheep. Fig. 6. lateral view of plastinated left lung of
LV. left ventricle. RV. Right ventricle. sheep. Acr. Cranial part of apical lobe. Aca.
LV.left atrium. Caudal part of apical lobe. Ca. caudal lobe.

Fig. 7. plastinated transverse sections through  Fig. 8. plastinated kidney of camel ( showing
the ventricles of heart of sheep. LV. left shrinkage).

ventricle. RV. Right ventricl. SM.

Septomarginal trabecula.
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Fig. 1. Visceral surface of plastinated liver Fig. 2. plastinated left kidney of ox.
of sheep. L. lobules of the kidney.

1. gallbladder 2. hepatic vein 3. caudal vena

cava 4. left lobe of kidney. 5. caudate lobe of

kidney.

Fig. 3. plastinated kidneys of sheep. Fig. 4. plastinated longitudinal section of right
L. left kiney R. right kidney. kidney of ox showing the interior structures.
C. cortex. M. medulla. RA. Hepatic artery.
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al 1997). Plastination also allow the handling and examination of specimens
without the burden of gloves and toxic fumes e.g. formalin.

In this study the technique of silicone plastination was applied on several
organs from ruminants and horses. The optimal requrements for each step of
plastination were established and saticfactory resuts were obtained.The
plastinated specimens obtaianed were dry, clean, durable, odourless and non-
toxic. They can be written on, and dissected to highlight specific structure and
allow the study of anatomical function, textures and other properties of the
tissue which are lost with typical preservation technique. The results were in
confirmity with the previous studies (Dawson et al, 1990; O'Sullivan and
Mitchell, 1995,)

Although most of the organs maintained their original shape, however
some of the organs showed slight decrease in size and some degree of
shrinkage. This may be attributed to incomplete dehydration of these organs
and when cured they dried and shrink, or it may be due to the type of silicone
used. Since the parenchyma of most of the organs that showed remarkable
shirnkage is formed of very fine tubules i.e seminiferous tubules, the type of
silcone used (S10) may be not suitable to enter and fill them so they shrink
when cured resulting in reduced size of organs. It has been reported that some
specimens need certain type of polymer, and the class of polymer used
determines the optical and mechanical properties of the impregnated specimen
(Bickley,_ et al, 1981; Weiglein,1997). Further investigation by different types
of polymers (silicone, epoxy or polyester resin) is needed in future studies to
determine the type of polymer suitable for each specimen.

Acknowledgment:
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Scientific Research, King Faisal University.
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under vacuum. The dehydration and forced impregnation steps were carried
out in Plastination deep-freezer type HLO4.

4. Curing was achieved by exposing the polymer filled specimens to a gaseous
curing agent (Biodour™ hardner S6) in a gas curing unit (tightly closed
chamber) for 6- 8 weeks. The gas hardened the the polymer through the
specimen.

Results:

Of the different results of fixation used in this study, it was found that
large organs (e.g. liver of camel) that were first perfused with the fixative and
then immersed in it, need less time (4 days) to be well fixed as compared to
those which were fixed by immersion (up to 10 days).

Dehydration: at least, three bathes of cold —25° C solvent, acetone for 4-6
weeks is essential to remove the water and insure good dehydration.

Impregnation and curing: impregnation of the specimens in the silicone
under the vacuum for 4-6 weeks and hardening in a curing agent for 6-8 weeks
gave a good result.

The plastinated organs (Figs.1- 8 ) were dry, smooth in texture, clean,
odorless and most of them maintained their original shape and natural look.
The immersed fixed organs retained their close colour to the original after
plastination, while the perfused fixed ones showed slight paleness. Some
organs i.e. testes and kidneys showed slight decrease in size and some degree
of shirnkage (Fig. 2,8). The shrinkage was remakable in the testes. The
plastinated speciemens were easy to handle and could be stored at room
temperature.

Disscusion:

Formaldehyde which has been in use for over a century as preservative ; is
unpleasant, toxic ( Main and Hogans, 1983; Chang and Gershwin, 1992;
Giordano, et al, 1995; Manuel, 1999) and organs deteriorate quickly when
taken out of the liquid. This leads the research workers to look for anthoer
methods of preservations to minimized the use of formaldehyde. Plastination
which is a method of preserving biological specimens by replacing the tissue
water and lipid ; was carried out in many institutions worldwide and obtained
great acceptance particularly because of the durability and the high teaching
value of plastinated specimens (Tiedemann and von Hagens, 1982; von Hagens
and Tiedemann, 1987, Pond et al, 1992; O'Sullivan and Mitchell;1995, Sittel et
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In 1978, Dr. Gunther Von Hagens developed a unique technique of tissue
preservation known as plastination (Tiedemann and von Hagens, 1982). In this
process, water and lipids in biological tissues are replaced by curable polymers
(silicone, epoxy resins, polyester), which are subsequently hardened, resulting
in dry, odourless, non-toxic and durable specimens.

Plastination is carried out in many institutions worldwide and obtained
great acceptance particularly because of the durability and the high teaching
value of plastinated specimens (Tiedemann and von Hagens, 1982; von Hagens
and Tiedemann, 1987; Dawson et al, 1990, Pond et al, 1992; O'sullivan and
Mitchell, 1995; Sittel ef al 1997;Weiglein,1997).

As teaching aids, plastinated organs offer advantages over models and
organs preserved in formaldehyde, the traditional method.

The plastination techniques originally developed for macroscopic
specimens are also modified for preparation of plastinated sections for
microscopic studies (Fritsch and Hegemann, 1991, Grondin, et al , 1994).
Preservation by plastination has so far been applied for human anatomy
(Bickley,et al, 1981; (Tiedemann and von Hagens, 1982; Bickley,et al, 1987;
Frenz, et al, 2000). The objective of this study is to establish the technique of
plastination suitable for sheep, ox, horse,and camel, which are often used for
research and teaching in departments of veterinary anatomy.

Materials and methods:
Materials:

Different organs ( heart, lung, kidneys, muscles of forelimb, testes, liver,
spleen, stomach ....etc.) from 6 sheep, 3 oxes, 2 horses and 4 camels, of either
sex and their ages ranged from 2 to 8 years, were used in this study.

Methods:

The plastination process consists of four steps:

1. Fixation was achieved using 10% buffered formalin at room temperature.
The organs were discected and were then perfused and / or immersed in the
fixative for 4-10 days.

2. Dehydration was achieved by a process known as Freeze substitution where
the specimens were placed into three bathes of cold —25° C solvent, acetone
over a period 4-6 weeks.

3. Forced impregnation of dehydrated specimens was achieved by submerging
the specimens in the liquid polymer (silicone rubber, Biodour™ S10) mixed
with a 1% of the silicone hardener (Biodour™ hardener S3) and placed

112



Scientific Journal of King Faisal University (Basic and Applied Sciences)  Vol. 8 No. 1 1428H (2007)

Preservation of Ruminant and Equine Anatomical Specimens
by Silicone Plastination

Abdelhay M. Ali and Thnaian A. Al-Thnaian

Department of veterinary anatomy, College of Veterinary Medicine and Animal resources
King Faisal University, Al-Hassa, Saudi Arabia

Abstract:

Plastination is a method of preserving biological specimens by replacing the
tissue water and lipid with a curable plastic polymer. In this study this technique
was used to preserve gross specimens from sheep, ox, horse and camel. The
specimens were fixed in 10% buffered formalin, dehydrated in cold —25° C
acetone and impregnated with silicone at —25C° under vacuum. The final step
involved drainage of excess fluids and exposure of specimens to the curing agent
(Biodour™ S6). The plastinted specimens obtained by this method were dry,
durable, non-toxic, odourless and could be stored at room temperature.

Key words: plastination, silicone, anatomical specimens , sheep, ox, camel, horse.

Introduction:

Formaldehyde has been in use for over a century as a disinfectant and
preservative. Medical students including veterinary students usually have a
first-hand experience with formaldehyde in their early days of study of
practical anatomy. However, there has always been a concern to the health
hazards of exposure to formaldehyde. Students exposed to formaldehyde
showed symptoms of irritation and cytogenic changes in epithelial cells of the
mouth and in blood lymphocytes (Kriebel et al, 1993; Suruda et al, 1993).

It has been reported that regular exposure of technicians of histology and
histopathology to formaldehyde induces irriation of the eye and upper
respiratory tract ( Main and Hogans, 1983; Chang and Gershwin, 1992;
Giordano, et al, 1995; Manuel, 1999) , reduction in pulmonary function
(Kilburn, et al, 1989) and as well increased the risk of nasal and lung cancer
(Sterling and Weinkam, 1989, Hansen and Olsen, 1996). In females, a
significant association was noted between exposure to formaldehyde and
delayed conception and increased the risk of spontaneous abortion; both
reflecting an adverse effect on fertility (Taskinen, et a/,1999). Animal studies
indicated that formaldehyde is carcinogenic (Brown, 1985; McLauglin, 1994).
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Concerning the concentration of zinc it was found that the blood plasma
levels were within a very limited range, while hoof concentrations differed
over a wide range. As the metabolism of the trace mineral zinc underlies a
strict homoeostasis, gastrointestinal absorption as well as endogen zinc-
excretion manage to keep zinc levels widely constant (Weigand and
Kirchgessner, 1977). Thus, zinc concentration in blood could not be taken as a
good indicator of the supply situation. While the internal metabolism is very
successful in keeping a constant level of zinc in the blood, the keratin build-up
in the hoof utilizes different concentrations. In Spitzlei's_study, a reaction to
zinc supplementation was even found in existing hoof horn (Spitzlei, 1996).
Thus, the evaluation of the nutritional status of the horse concerning the supply
of zinc should ignore the blood parameters and concentrate rather on the hoof.
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Although this is a pure statistical measure and thus no proof of any
underlying hypothesis, nevertheless it gives emphasis to the theory that copper
concentration in plasma and hoof-shavings are related and that it may be
possible to predict from blood findings the corresponding concentration of
copper in the horse's hoof. Although proof for this hypothesis must come from
much larger statistical sample, at least the hypothesis has been supported by
this study's small sample.

A similar regression line for zinc showed that hoof shaving levels of zinc
vary independently from the relative stable blood plasma levels.
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Fig.1-4 : Relationship of calcium, phosphorus, zinc and copper contents of hoof-

shavings to plasma concentrations.

The findings, achieved in the present investigation, suggest that copper
concentrations in plasma and hoof-shavings are related (Fig.4&5) and there
exists a significant correlation between hoof-shaving and blood plasma
concentration levels, with a correlation coefficient of 0.944158.

A linear regression was run, yielding the following trend line:
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Table (2)
Blood Plasma. Findings and reference parameters
Psr flf(‘;;t Ab‘zlz'(‘)'fey Stubley ezal. 1983 * | Knickel et.al. 1995
Ca (mg/dl) 11,44 10,47 - 8-12
P (mg/dl) 2,23 - - 1,5-4,0
Cu (ng/dl) 99,26 50-118 79/ 101
Zn (ug/dl) 139,1 110-310 111/170

*QGroup 1/2

Regarding the concentration found in the hoof-shavings (Tab.3), only the
copper contents correspond to previous findings by Weiser et al.(1965) and
Sasimowski et al. (1987). Phosphorus was slightly lower and zinc considerably
lower than their findings.

On the other side, calcium levels were well above the reference parameter.

Table (3)
Hoof-shavings. Findings and comparison
Present Study Weiser 1965 * Sasimowski 1987
Ca (ug/g DM) 1230 =2,47(mg/dl) 294/359 60-470
P (ng/g DM) 139 =278,24(ng/dl) 154/209 250-430
Cu (ng/g DM) 12 =24,77(ng/dl) 12/12 3-11
Zn (ug/g DM) 79 =157,48(ug/dl) 139/146 115-177

* Different values from newly grown hoof horn and old hoof horn; DM=Dry Matter

The possible explanation of differences in the level of these trace elements
and minerals could be attributed to environmental, nutritional or breeds
differences which may suggest that the hooves of Arabian horses is of a higher
quality than other breeds, however further studies are needed to verify.

Relating the mineral contents of the hoof-shavings to the plasma
concentrations is the aim of this study, achieved by plotting hoof-shavings
findings against blood plasma.

There was significant relationship of copper level in the blood and hoof-
shaving but the significant linear relationship between these levels was not
observed in case of calcium, zinc and phosphorus (Fig.1-4).
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Median and Mean concentrations for calcium, phosphorus, copper and zinc
found in hoof-shavings and in blood plasma respectively

Median Mean + SD Range Interquartile Range

Hoof-shavings

Ca (mg/dl) 1,8 2,47 £1,70 0,3-6,8 1,1-3,7

P(pg/dl) 2534 278,24 +150,37 80 - 676,7 177,8 - 341,5

Cu(pg/dl) 23 2477 +£11,42 15-70 20-24

Zn(pg/dl) 150 157,48 +£36,49 108 - 258 127 - 180
Blood plasma

Ca(mg/dl) 11,75 11,44 + 2,06 6,31 - 13,96 10,96-12,69

P(mg/dl) 1,922 2,23 +0,84 0,57 - 4,02 1,56-2,64

Cu(ng/dl) 90 99,26 + 26,01 75 -200 85-105

Zn(pg/dl) 140 139,1+ 6,05 130 - 150 135-145

While the hoof-shavings values display a wider range among the samples, the
ranges of mineral in the plasma are narrower (Tab 1a).

Table (1a)
SD in percent of the mean
Ca P Co Zn
Hoof-shavings 68 54 46 23
Plasma 18 37 26 4.

The blood plasma levels are within well established data ranges for
calcium and phosphorus (Ca: 8,01-12,12 mg/dl -corresponding to 2-3,5
mmol/l- and P: 1,5-4,0 mg/dl) and within ranges established by other previous
studies for copper and zinc.

In comparison to findings in the previous study by Abdin-Bey (2001),
where only young horses (up to 2 years) were considered, the mean calcium
level was higher by nearly 10 percent and the zinc plasma level was closer to
the lower end of the previously established range (Tab.2).
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This study aimed to find a correlation between blood plasma levels of
calcium, phosphorus, zinc and copper and their occurrence within the hoof-
horn of Arabian horses.

Material and Methods

Twenty-three (23) Arabian and four (4) Anglo-Arab horses from different
locations in the eastern province of Saudi Arabia were used in this study. By
gender there were 18 mares and 9 stallions and their age ranged between 2 and
26 years. All horses were in apparent health and had no clinical signs of any
diseases.

After a thorough cleaning of the hoof with water it was left to dry and the
samples were then collected. The hoof horn material was collected from all
four hooves of each animal and from all parts of the hoof wall using a special
hoof rasp.

The hoof horn samples were dried at a constant temperature of 115° C for

24 hours, and the dried samples were ashed in a Muffle Furnace at 550° C for
another 18 hours, the ash content expressed as a proportion of dry matter.

Two grams of dried horn samples were then prepared by wet ashing in 15
ml of a 20% nitric acid and filled up with deionized water to complete 100 ml.

Calcium, phosphorous, zinc and copper were determined using Atomic
Absorption Spectrophotometer, Perkin-Elmer, model 3280, USA.

Blood samples (10 ml) were collected in lithium heparin tubes from all
horses by venepuncture; plasma was subsequently separated for the study.
These samples were later analyzed for calcium, phosphorous, zinc and copper.

Additional samples (5 ml) collected in lithium heparin tubes were used for
hematology. These samples were analyzed for RBC, WBC, Hb and PVC and
the results were within the normal range.

Results and Discussion

The values of the median and mean+SD of calcium, phosphorous, copper
and zinc found in hoof-shavings and plasma are given in Table (1). Since
median and average values are in close proximity to each other, a normal
distribution of values can be assumed. The interquartile range, compiled of the
middle 50% of our findings, shows no extreme outlyers that could undermine
the validity of the statistical result.

Table (1)
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part of the hoof could be changed due to hereditary factors (Jossek, 1991), race
and environment (Baggott, 1982) or nutrition (Vermunt, 1990).

The wall and the sole of the hoof are composed of keratinous hoof material
that is produced continuously; its epidermal structure consists of microscopic
tubes formed by the germinative layer of the epidermis above the corium
papillae. It is made up of amino acids, such as cysteine and methionine
(Grosenbaugh and Hood 1992), minerals including calcium, phosphorus,
magnesium and the trace elements zinc, copper, selenium (Demertzis, 1978,
Davis and Mertz, 1987; Kempson, 1991) and vitamins including biotin, folic
acid, Vitamin A and E (Comben et al., 1984).

Since the hoof horn is a dynamic tissue, only provision of adequate and
good quality food, containing the correct supplement, results in continuous
growth of high quality hoof-horn.

Calcium, copper, zinc and magnesium are important in relation to claw
affections (Johnson and Schugel, 1994). According to Miilling et al. (1999),
minerals are essential for activation of enzymes that are prerequisite for
physiological keratinization and cornification of the claws. Thus deficiencies in
one or more elements could induce structural alterations in the hoof build-up, a

reduction in the horn cell quality that serves as a major parameter of hoof
health.

Calcium plays an important role in the regulation of cellular differentiation
and desquamation of epidermal keratinocytes and influences the hardness of
keratins by virtue of its presence and the crystal structure of its complexes
(Vicanova et al., 1998). It is an essential element acting as an enzyme cofactor
or activator during the process of keratinization. Copper is important in the
incorporation of disulphide bonds into the protein molecules which form a
major part of the keratin mix. Such bonds determine the physical properties of
keratin (Davis and Mertz, 1987). Zinc is known to be of importance in keratin
synthesis and hoof horn formation and it plays an important role in making the
hoof more resistant to stress (Banting, 1978).

Blood mineral concentration is an important indicator of the nutritional
status of an animal and changes in its concentration may affect the hoof
mineral content (Moor et al., 1975; Smart et al., 1992)

Arabian horses are famous for their excellent hooves. However
information about the correlation between its plasma mineral and hoof minerals
is lacking.
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Hoof Quality: Correlation Between Calcium, Phosphorus,
Copper & Zinc Levels in the Hoof Shavings and Blood Levels of
Arabian Horses in Saudi Arabia
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Abstract
Samples of hoof horn and blood were taken from 27 horses.
The concentrations of calcium, phosphorus, copper and zinc in the plasma

and hoof keratin were determined by Atomic Absorption Spectrophotometer
(AAS).

The mean (=SD) concentrations of the samples were determined and then the
mineral concentration levels of the hoof wall were plotted against the plasma
levels.

There was no significant relation found for calcium and phosphorus levels
between plasma and hoof. But there was a significant linear relation established
between the concentration of copper in plasma and hoof horn. Thus blood levels
of copper may be sufficient to determine whether the hoof horn contains an
adequate level of this necessary trace element or not.

On the contrary, zinc levels were recorded within narrow boundaries in the
blood, while in the hoof a wider array of results were found. Considering the
homoeostasis of zinc levels in the blood this study suggests the superiority of
hoof samples over blood samples as an indication for sufficient supply of horses
with zinc.

Key words: Arabian horses, hoof, hoof composition, surgery, trace minerals, hoof-
shavings

Introduction

The hoof is one of the most 'burdened' body-parts of the horse. On one
hand its outer part is largely responsible for protecting the hoof from external
influence such as abrasive, noxious substances or infectious agents. On the
other hand, hoof-horn must be flexible enough to withstand thousands of
pounds of impact and to absorb and divert the shock sustained on them.
Therefore the hoof-horn should be rigid as well as elastic. Several factors could
influence the physical and chemical properties of the hoof, decreasing its
hardness, toughness and viscoelasticity. The structure of the keratin forming
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Fig. 3. Top yield (ton ha™') as affected by the interaction between nitrogen levels and

concentration of urea foliar application in 1996/97. Bars = LSD (5%).
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recommended treatment for higher yields of sugar beet under the conditions of
this study.
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Fig. 1: Root yield (ton ha™') as affected by the interaction between nitrogen
levels and times of its application in 1996/97. Bars = LSD (5%)
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Fig. 2. Sugar yield (ton ha™') as affected by the interaction between nitrogen levels and
times of its application in 1996/97. Bars = LSD (5%).
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affected by timing of N application. Adding nitrogen in two equal portions
(1/2 before the first irrigation (BFI) +1/2 N before the second irrigation (BSI))
resulted in the greatest sugar %. Meanwhile, adding nitrogen in three equal
portions 1/3 before the first irrigation (BFI) +1/3 N before the second
irrigation (BSI) + 1/3 N before the third irrigation (BTI) recorded the lowest
means. The increase in root and sugar yields with the split application of
nitrogen might be attributed to the increase in nitrogen use efficiency, because
of the reduction in N loss to low limit with the split addition, beside the
continuous supply of plants from nitrogen. Similar results were stated by El-
Hennawy et al. (1998) and Shahr-Zad (1999).

Foliar nutrition effects: Data in Tables (2, 3, 4 & 5) show that foliar nutrition
of urea had significant effects on all estimated characteristics in the two
seasons, except root/top ratio. Root dimensions (root length, root diameter, root
weight), foliage weight were increased with foliar spraying of urea at 2 %
concentration. Root, sugar and top yields as well as harvest index were
increased with urea foliar nutrition compared to the control. Urea at 2 % gave
the highest root and sugar yields ha™! as well as harvest index. Sugar percentage
increased with the addition of urea at 2 % concentration. Meanwhile, spraying
with tap water recorded the lowest means of this trait. Badawi (1996) came to
similar results.

Interaction effects: The interaction between nitrogen fertilizer levels and time
of its application had significant effects on root and sugar yields ha' in
1996/97 season. Application of nitrogen at 216 kg ha! in two equal portions,
1/2 before the first irrigation (BFI) +1/2 N before the second irrigation (BSI),
produced the highest root and sugar yields ha'. On the other side, the lowest
root and sugar yields ha'! were produced with the lowest level of N application
(120 kg N ha'!) in case of its addition in three equal portions, '/3 N BFI + /3 N
BSI +!/3 N BTI, as shown in Fig. (1 and 2).

The interaction between N levels and urea concentrations had a significant
effect on top yield ha™!. The soil application of 216 kg N ha' and foliar
spraying urea at 2 % concentration produced the highest top yield ha™!, while
the lowest top yield was obtained with the addition of 120 kg N ha™! without
urea foliar spraying (Fig. 3).

Generally, it can be concluded that addition nitrogen at the rate of 216 kg
ha! in two equal portions i.e. 1/2 before the first irrigation (BFI) +1/2 N before
the second irrigation (BSI) and foliar nutrition by urea at 2 % was the
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Table 5
Averages top and sugar yields (t ha') and harvest index as affected
by N levels, times of N application and foliar application of urea.

Top yield (t ha™) Sugar yield (t ha™)
Characters Harvest Index
Treatments 9596 | 96/97 9596 | 96/97 95/96 | 96/97
A: Nitrogen levels:
120 kg N ha'! 16.446 17.065 4.855 5.736 0.62 0.62
168 kg N ha™! 25.871 21.729 8.449 9.020 0.63 0.64
216 kg N ha™! 25.752 27.394 8.782 9.258 0.64 0.66
LSD (5%) 0.833 1.166 0.452 0.214 0.01 0.01
B: Application time:
1/2BFI+1/2BSI 23.990 23.134 7.902 8.663 0.64 0.64
1/2BFI+1/2BTI 22.729 22.158 7.378 7.902 0.63 0.64
1/3BFI+1/3BSI+1/3BTI 21.349 20.896 6.831 7.473 0.62 0.64
LSD (5%) 0.857 0.357 0.190 0.262 0.01 N.S
C: Foliar nutrition:
Water 21.111 21.015 7.021 7.664 0.63 0.65
Urea at 1% 22.681 22.110 7.378 7.973 0.63 0.64
Urea at 2% 24.252 23.038 7.711 8.401 0.63 0.63
LSD (5%) 0.571 0.452 0.143 0.148 N.S 0.01

N.S: Not significant (P>0.05)

The highest value of harvest index was obtained with the addition of 216
kg N ha! (Table 5). The increase in root weight and dimension with the
increase in nitrogen levels might be due to the role of nitrogen as nutrient
element in chlorophyll formation and encouragement the growth of canopy, so
it helps photosynthetic practice and hence increasing root weight and
dimension (length and diameter). These results are similar to those reported by
Mahmoud et al. (1990 a and b) and Shahr-Zad (1999).

Timing of N application effects: Time of nitrogen application significantly
affected all estimated characters in the two seasons and only purity percentage
in the first season. Root characters (length, diameter, fresh weight and root/top
ratio) increased with the split application of nitrogen in two equal portions, 1/2
before the first irrigation (BFI) +1/2 N before the second irrigation (BSI).
Meanwhile, adding N into three equal portions 1/3 before the first irrigation
(BFI) + 1/3 N before the second irrigation (BSI) + 1/3 N before the third
irrigation (BTI) gave the lowest values of root characters. Top, root and sugar
yields as well as harvest index were markedly affected by time of nitrogen
application. Adding nitrogen in two equal portions (before the first and second
irrigation) gave the highest root and sugar yields as well as harvest index.
Sugar beet quality (Sucrose, TSS and Juice purity in roots %) was markedly
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Table 3
Foliage fresh weight, root/top ratio and total soluble solids (TSS) % as
affected by N levels, times of N application and foliar application of urea

Characters Foliage fresh wt. (g) Root/top TSS (%)
Treatments 95/96 | 96/97 | 9596 | 96/97 | 95/96 | 96/97
A: Nitrogen levels:
120 kg N ha'! 308.4 320.2 1.6 1.85 | 26.36 | 26.18
168 kg N ha'! 483.4 404.1 1.78 2.36 26.26 | 26.07
216 kg N ha'! 507.7 513.5 1.82 1.89 26.08 | 25.93
LSD (5%) 18.1 27.3 0.07 0.23 0.07 0.07
B: Application time:
1/2BFI+1/2BSI 450.7 434.8 1.77 2.09 | 26.37 | 26.24
1/2BF1+1/2BTI 432.6 413 1.73 2 26.24 | 26.06
1/3BFI+1/3BSI+1/3BTI 415.3 390 1.69 2.01 26.09 | 25.89
LSD (5 %) 7.2 6.2 0.04 0.06 0.03 0.03
C: Foliar nutrition:
Water 409.9 3923 1.74 2.05 | 25.96 | 25.78
Urea at 1% 4353 414.8 1.72 2.02 | 26.26 | 26.09
Urea at 2% 453.4 430.8 1.73 2.03 2648 | 26.32
LSD (5 %) 5.3 4.0 N.S N.S 0.06 0.04
N.S: Not significant (P>0.05)
Table 4

Sucrose %, purity % and root yield (t ha) as affected by N levels,
times of N application and foliar application of urea

Characters Sucrose % Purity % Root yield (t ha'!)
9596 | 96/97 | 95196 | 96/97 9596 | 96/97
A: Nitrogen levels:
120 kg N ha'! 18.36 18.04 69.65 68.91 26.466 31.749
168 kg N ha'! 18.17 17.74 69.23 68.04 46.410 50.884
216 kg N ha'! 17.67 17.66 67.76 68.09 49.718 52.431
LSD (5%) 0.18 0.2 0.72 N.S 1.666 0.857
B: Application time:
1/2BFI+1/2BSI 18.24 17.97 69.17 68.5 43.364 48.195
1/2BFI+1/2BTI 18.05 17.8 68.82 68.32 40.936 44.458
1/3BFI+1/3BSI+1/3BTI 17.91 17.66 68.65 68.22 38.318 42.388
LSD (5%) 0.07 0.06 0.29 N.S 0.976 1.452
C: Foliar nutrition:
Water 17.94 17.68 69.14 68.57 39.199 43.435
Urea at 1% 18.08 17.81 63.88 68.29 40.936 44.792
Urea at 2% 18.17 17.94 68.63 68.18 42.483 46.838
LSD (5%) 0.03 0.04 0.17 0.16 0.738 0.762

N.S: Not significant (P>0.05)
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ha!). Maximum root/top ratio (2.36) in the second season (1996/97) and top
yield (26.0 t ha!) in the first season (1995/96) was found with the addition of
168 kg N ha!. On the contrast, the highest level of nitrogen resulted in marked
reduction in yield quality, i.e. total soluble solids (TSS) and sucrose % in both
seasons and purity % in the first season. Harvest index was also significantly
affected by nitrogen levels in both seasons and significantly increased as
nitrogen level increased.

Table 2
Length, diameter and fresh weight of roots as affected by N levels,
times of N application and foliar application of urea.

Characters Root length (cm) | Root diameter (cm) | Root fresh weight (g)
Treatments 95/96 | 96/97 | 95/96 | 96/97 95/96 | 96/97
A: Nitrogen levels:
120 kg N ha! 34.1 33.8 8.27 7.98 493.3 593.1
168 kg N ha! 37.0 37.4 9.74 9.84 857.6 943
216 kg N ha! 43.6 44.6 10.72 11.03 920.3 971
LSD (5%) 1.4 0.9 0.53 0.23 48.2 45.1
B: Application time:
1/2BFI+1/2BSI 39.9 40.1 9.91 9.92 806.8 898.6
1/2BFI+1/2BTI 38 38.5 9.56 9.6 755 8243
1/3BFI+1/3BSI+1/3BTI 36.8 37.3 9.27 9.34 709.4 784.2
LSD (5%) 0.4 0.3 0.05 0.05 14.1 26.2
C: Foliar nutrition:
Water 36.8 36.8 9.24 9.22 721.9 803.2
Urea at 1% 38.1 38.6 9.59 9.65 757.4 832.8
Urea at 2% 39.8 40.5 9.9 9.99 791.9 871.2
LSD (5%) 0.2 0.3 0.06 0.06 7.3 10.1
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usual dry sowing method on one side of the ridge in hills 20 cm apart at the
rate of 2-3 balls/hill. Plots were irrigated immediately after sowing to soil
saturation. To enhance the emergence of plants, a quick irrigation was applied
at seven days after sowing. Plants were thinned twice and the later one was
done to ensure one plant/hill (84000 plants ha). Other agricultural practices
were kept the same as normally practiced in growing sugar beet fields.

At harvest, random samples of five plants were uprooted from each sub-
sub plot to estimate the following characters: Root length (cm), root diameter
(cm), root fresh weight (g), foliage fresh weight (g) and root /top ratio. Total
soluble solids (TSS %) in roots was measured in juice of fresh roots using
Hand Refractometer. Sucrose percentage was determined polar metrically on
lead acetate extract of fresh macerated roots according to the method of Le-
Docte (1927). Apparent purity (%) was determined as a ratio between sucrose
% and TSS % of roots.

Plants in the two inner ridges of each sub-sub plot were collected and
cleaned, thereafter, roots and tops were separated and weighted in Kilograms
and converted to estimate root and top yields (ton ha™). Gross sugar yield (ton
ha'), was calculated by multiplying root yield by root sucrose percentage.
Harvesting index (HI) was estimated using the following formula. HI= Root
yield / Biological yield (root + foliage)

Data analysis: Statistical analyses were performed using SAS for Windows
Release 6.12 (SAS Institute, 1997). The SAS procedures used for the ANOVA
and normality tests were GLM (general linear model) and UNIVARIATE,
respectively. Protected ANOVA LSD test was used to assess the differences
between treatment means (Gomez and Gomez, 1984).

Results and Discussion

N level Effects: Results of the statistical analysis show that nitrogen fertilizer
levels exerted significant effects on all estimated characters in both seasons,
except purity percentage in the second season only (Tables 2, 3, 4 and 5).
Increasing nitrogen levels from 120 to 168 and 216 kg N ha'' was associated
with significant increases in root yield and its component variables, i.e. root
length, root diameter and root weight. The highest values of aforementioned
characters were obtained with the addition of 216 kg N ha!. Meanwhile, the
lowest means of these previously mentioned traits were obtained with the
addition of the lowest N level (120 kg N ha™'). Foliage fresh weight was also
increased with each increase in nitrogen level up to the highest rate (216 kg N
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This investigation was carried out at the Experimental Station, Faculty of
Agriculture, Mansoura University, during 1995/96 and 1996/97seasons. The
purpose was to study the effect of levels and times of nitrogen application,
foliar spraying of urea and their combinations on yield and quality of sugar
beat (Beta vulgaris L.). A split-split plot design with four replicates was used.
The main plot treatments consisted of three nitrogen levels (120, 168 and 216
kg N ha'). The sub plot treatments were assigned to three times of nitrogen
application (%2 N before the first irrigation (BFI) + 2 N before the second
irrigation (BSI); ¥4 N BFI + % N before the third irrigation (BTI) and /3 N
(BFI) + !/3 N BSI +!/3 N BTI. Nitrogen fertilization in the from of urea (46 %
N) was side dressed as a previously mentioned rates and times of application.
The sub-sub plot treatments were assigned to three foliar spray concentrations
of urea, i.e. 0, 1 and 2 %. Each sub-sub plot was 3.0 x 3.5 m and consisted of 5
ridges with 0.60 m spacing between ridges. The preceding summer crop was
maize (Zea mays L.) in both seasons.

Soil samples were randomly taken from the soil surface of 0 - 30 cm in the
experimental sites before soil preparation. Results of chemical and mechanical
analysis of the experimental site soil, according to Piper (1950) are listed in
Table (1). The experimental site area was fertilized with calcium super
phosphate (15.5 % P20s) at the rate of 240 kg ha!, which was added after
ridging and before sowing irrigation. Potassium in the form of potassium
sulphate (48 % K20) was added at the rate of 120 kg ha™! in one dose before the
first irrigation.

Table (1)

Mechanical and chemical analysis of the experimental soil site.
Characters 1995/96 1996/97
Clay (%) 41.7 40
Silt (%) 30.2 31.9
Fine sand (%) 24.3 23.6
Texture class Clay Clay
CaCo3 (%) 3.3 3.6
Organic matter (%) 1.8 1.7
Total nitrogen (%) 0.11 0.09
Available P (ppm) 11.8 10.9
Available K (ppm) 343.2 3184

Seeding dates were 11" and 7% November in 1995 and 1996 seasons,
respectively. Seed balls of sugar beet “cv. Kawamira” were hand sown as the
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Sharief et al. (1997) stated that raising nitrogen level up to 70 kg N fad!
significantly increased root and sugar yields fad'. Mahmoud et al. (1999)
found that the maximum root and sugar yields were produced with the addition
of 80 kg N fad™'. Sorour et al. (1992) stated that increasing nitrogen rates from
60 to 120 kg N fad! increased root length, root diameter as well as root and
sugar yields fad!. Ghonema and Sarhan (1994) and Badawi et al. (1995)
indicated that 75 kg N fad! was the best nitrogen rate for sugar beet
fertilization. The addition of N up to 100 kg N fad™! substantially improved
length, diameter and weight of sugar beet roots (Mahmoud ef al., 1999). On the
other hand, TSS, sucrose % and juice purity markedly decreased as nitrogen
level increased (Sorour ef al. 1992; Mahmoud et al. 1999).

Split application of N in two equal portions (pre the first and second
watering) caused a positive response in sugar beet growth and root yield
(Badawi, 1989a; Zalat, 1993; El-Hennawy et al.1998). Sarhan and Ismail
(2003) found that applying nitrogen fertilizer dose at two equal portions after
thinning and one month later produced the highest values of fresh and dry
yields of fodder beet roots. Finally, Mousa (2004) stated that adding nitrogen in
three equal portions, before the first, second and third irrigations, significantly
increased root length and diameter, root, top and sugar yields fad!, sucrose and
purity percentages.

Foliar nutrition with urea is considered a new direction to raise nitrogen
use efficiency through minimizing the applied rate of nitrogen, particularly
under the reverse soil conditions. Lamb and Moraghan (1993) stated that the
addition of nitrogen as foliar application did not affect root yield and
extractable sugar in one season, while it resulted in a marked increase in root
yield in the other season. Barsoum and Zeinab-Nassar (1995) revealed that
foliar application of urea at 4 % concentration produced the highest root length,
diameter and fresh weight as well as top and root yields fad™'.

For the combined effects of soil and foliar nitrogen application, Badawi
(1996) indicated that urea as foliar nutrition had an active role in enhancing
growth and yield of sugar beet. He also added that the interaction between soil
N-levels and foliar concentration of urea had marked effects on root fresh
weight, sucrose % as well as root and sugar yields fad™!. Podlaska and Artysza
(1995) reported that adding nitrogen fertilization at a rate of 120 kg N ha!
before sowing, or 80 kg N ha! before sowing + foliar spray of 40 kg N ha'! as
6 % urea solution gave higher root and top yields ha™.

Materials and Methods
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Yield and Quality of Sugar Beet in Response to Levels and
Times of Nitrogen Application and Foliar Spraying of Urea

Leilah, A.A.; El-Kalla, S.E; A.T. El-Kassaby;
M.A. Badawi and Mahasen M. Fahmi

Department of Agron,., College of Agriculture ., Mansoura Univ., Egypt.

Abstract:

Effects of N levels (120, 168 and 216 kg N ha!), times of N application (%
N dose before the first irrigation (BFI) + % N dose before the second irrigation
(BSI); % N (BFI) + % N before the third irrigation (BTI); !/3 N (BFI) + /3 N
(BSI) +'/3 N(BTI) and foliar spraying of urea (0, 1 and 2% concentrations) on
root yield and quality of sugar beet “cv. Kawamira” were evaluated. Increasing
N levels from 120 to 216 kg N ha'! enhanced root yield and its components,
while it resulted in marked reduction in yield quality (total soluble solids,
sucrose and purity %). Timing of N application significantly affected most of
yield characters. Adding nitrogen in two equal portions, 1/2 before the first
irrigation (BFI) +1/2 N before the second irrigation (BSI), gave the highest
root, top and sugar yields/ha'!. Foliar spraying of urea at 2 % concentration
gave marked increases in root, top and sugar yields/ha’!. Application
216kg N ha! in two equal doses (1/2 N BFI + 1/2 N BSI) produced the highest
root and sugar yields/ha'. However, the addition of 216kg N ha' and foliar
application of urea at 2 % solution produced the highest top yield ha!.

Generally, it can be concluded that soil application of nitrogen at the rate of
216 kg N ha! in two equal portions, i.e. (1/2 N BFI + 1/2 N BSI) and foliar
nutrition by urea (46% N) at 2 % was the recommended treatment for raising
root and sugar yields of sugar beet under study conditions.

Key words: Nitrogen levels, time of N application, urea, foliar spraying,
concentration, root yield, sugar percentage, sugar yield.

Introduction

Sugar beet (Beta vulgaris L.) has a great ability to be successfully grown
in the newly reclaimed lands. The irrigation water requirements are relatively
low compared with many field crops particularly sugar cane. Nitrogen fertilizer
is considered one among these factors affecting growth, yield and quality of
sugar beet. It is usually applied as soil application. Few attempts were done to
examine N efficiency when applied as foliar nutrition. Rates, times and
methods of nitrogen application play an important role in sugar beet growth,
production and quality. Badawi (1989a and b), Kamel et al. (1989), El-Kassaby
and Leilah (1992), and Seaadh (1998) reported that increasing nitrogen rates up
to 60 kg N fad! (fad = faddan = 4200 m?> = 0.42 ha) resulted in desirable
effects on sugar beet yields and their attributes. El-Kassaby ef al. (1991) and
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Furthermore, as water irrigation increased, bulb weight increased. In Jordan,
Abu-Awwad (1996) reported that with supplemental irrigation, winter onion
production per unit area could be increased by two to three times than of non-
irrigated onion. In Bangladesh, Saha et al. (1997) mentioned that significant
improvement in onion yield attributes and bulb yield were observed with
supplemental irrigation. However, marketable yield showed different response;
as water application decreased, the percentage of marketable yield increased.
This could be due to increment of bolting and doubling bulbs as water supply
increased. Similar results were reported by several investigators; Koriem et al.
(1994) who revealed that as water supply increased, plant growth and total
yield as well as the percentage of culls increased, whereas the percentage of
single bulb decreased. Also, increasing water application during field curing
increased the proportion of bulbs with stained skin and rots (Wright and Grant,
1997).
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Discussion:

Plant growth, represented as plant height, number of leaves per plant, bulb
and neck diameters and fresh and dry matter contents, was clearly affected by
planting dates particularly at the early and late sowing dates. It seemes that the
earliest sowing date occurred under unfavorable conditions, such as drought
and hot weather which affected growth parameters as compared with the
second sowing date which gave higher growth values. The latest planting date
showed the lowest growth parameters values, may be due to the short period
allowed for growth, which confirms the findings of Gonzalez et al. (1997) who
reported that, as onion seed sown very early under unfavorable conditions their
growth was affected but the late sowing date resulted in smaller bulbs and thick
necks. This could be due to high temperature during summer and due to the
short period for the late sowing plants. Another study by Sargent et al. (2001)
showed that delayed harvest resulted in significant increases in total yield and
the proportion of large bulbs, weight and decrease in the respiration rate,
sprouting and weight loss.

The obtained increase in total yield at the 22 planting date might be due to
favorable temperatures which influence on plant growth as previously shown in
tables 1 and 2. On the contrary, the very early sowing date showed lower yield,
which could be attributed to unfavorable condition which affected growth, and
in turn the yield (Gonzalez et al., 1997).

In terms of bolting, Madisa and Midmore (1994), in a three planting dates
experiment, reported that percentage of bolting was highest in early planting.
Also, Rizk et al. (1996) reported that early planting resulted in the greatest seed
stalk height and diameter, umbel diameter and average number of flower per
umbel

In contrast to the above, marketable yield followed an opposite trend,
where the latest sowing date resulted in more marketable yield percentage. This
could, in fact, be explained on several bases, some of which is the higher
percentage of doubling and bolting of bulbs which were formed earlier in the
season, which caused reduction of the marketable yield. A similar finding was
reported by Gamie et al. (1996). They mentioned that percentage of doubling
and average bulb weight were significantly affected by sowing date in both
seasons (1993/1994 and 1994/1995).

Increasing soil water supply increased plant growth parameters and total
bulb yield significantly. In Egypt Abu-Gerab (1987) indicated that widening
irrigation intervals generally reduced foliage growth of onion plants.
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two growing seasons, except doubling in the first season. This result reflects
the opposite trend of total yield and marketable yield values. Bulb weight was
decreased as water irrigation level decreased in both tested growing seasons
(Tables 3 and 4).

The interaction of the two tested treatments showed an insignificant effect
on the yield components during the two seasons, except for bulb weight which
showed that the lowest weight values were obtained in the 4 planting date
which received the lowest water level.

Table (3)
Effect of planting date and irrigation water level on onion yield in the first season
Total vield Marketabl | Marketabl Bolted Doubled Av. bulb
Treatments (ton /¥1a) e yield e yield bulbs bulbs wt.
(%) (ton/ha) (%) (%) (2)
A. Planting dates
1* planting date 22.5a 16.1b 13.4b 14.3b 22.1b 243b
2™ planting date 26.3a 44.8¢ 11.0b 26.3a 28.9a 345a
3" planting date 22.7a 78.9a 17.7a 8.7c 28.6a 255b
4™ planting date 23.1a 90.7a 20.5a 3.5d 2.8¢ 270b
A. Irrigation water levels
Level 1 (wy) 24.4a 61.5b 15.0a 20.8a 17.1a 317a
Level 2 (w») 22.5ab 68.2ab 15.3a 15.3a 16.0a 280b
Level 3 (w3) 21.2b 73.1a 15.4a 9.8b 16.3a 250b
Interaction A x b NS NS NS NS NS NS

Means followed by the same letter are not significantly different (P= 0.05) according to Duncan’s multiple range test.

NS = Not significant.

Table (4)
Effect of planting date and irrigation water level on onion yield in the second season
Total vield Marketable | Marketable Bolted Doubled Av. bulb
Treatments (ton /i,m) yield yield bulbs bulbs wt.
(%) (ton/ha) (%) (%) ®
A. Planting dates
1* planting date 22.52ab 63.08¢c 14.20b 23.2a 12.8a 187b
2™ planting date 24.60a 72.1b 17.70a 15.3¢ 9.7b 265a
3" planting date 23.32ab 69.0c 16.90ab 19.3b 10.0b 235a
4" planting date 17.67b 98.2a 16.96ab 0.07d 1.5¢ 165b
B. Irrigation water levels
Level 1(w)) 22.9a 63.4b 14.96a 21.3a 14.6a 125.5a
Level 2(w,) 19.8b 66.5b 13.46ab 20.5a 12.5ab 177.5b
Level 3(ws) 18.3b 74.2a 12.27b 10.9b 11.3b 164.5b
Interaction %
Axb NS NS NS NS NS

Means followed by the same letter are not significantly different (P= 0.05) according to Duncan’s multiple range test.

*Significant at P= 0.05.
NS = Not significant.
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Except for the earliest planting date, total yield of the bulbs showed a
significant reduction as sowing date was delayed, although insignificant effect
was observed in both growing seasons (Tables 3 and 4). In both seasons the
second planting date produced the highest total yield, while the lowest yield
was recorded in the 4% and first planting dates for the 24 and 1% seasons,
respectively.

Concerning the marketable yield, which is considered more important than
total yield, the presented data showed that the 4% planting date in the first
season had the highest percent value and amount of marketable yield. But in
the second season, although it had the highest percentage of marketable yield,
it tended to have lower yield than the 2% sowing date.

The obtained results in this study clearly indicated that the bolting
phenomena mainly relates to planting dates during the two seasons. The results
showed that early sowen onion seeds produce flower stalks more than when
they were sown later. First planting date resulted in higher bolting percentage.
The latest planting date showed a highly significant lower percentage of
bolting in the two seasons (Tables 3 and 4).

Obtained data also showed that percent doubled bulbs was significantly
affected by planting date, with the earlier planting date significantly increased
the percentage of doubled bulbs. Then it decreased as sowing date was delayed,
in the 224 growing season; but the percentages was markedly higher in the first
season than in the second one.

Regarding the effect of planting date on bulb weight, the presented data
did not follow a clear trend, but it seems that the 224 planting date produced
bigger bulbs than the other planting dates and 1% planting date gave the lowest
weight of bulbs in the 1% growing season (Tables 3 and 4).

Irrigation water level effects:

It is evident from data in Tables 3 and 4 that total bulb yield increased
from 21.2 t/ha to 24.4 t/ha as water irrigation increased from w3 to wi in the
first season and from 18.3 t/ha to 22.9 t/ha in the 22¢ season. The highest values
were obtained with lower water supply. The total marketable yield showed a
significant increase as water level was higher in the 224 growing season, while
no significant effect being recorded in the first season.

On the other hand, the percentage of doubled and bolted bulbs seemed to
increase as soil water supply increased. Significant effect being recorded in the
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Table (1)
Effect of planting date and irrigation water level on onion plant growth two months after
transplants in the first season

Plant No. of Neck Bulb Bulbing Fresh wt./ Dry wt./
Treatments height leaves/ diameter diameter ratio *+* plant (g; plant
(mm) plant (mm) (mm ) )
A. Planting dates
1* planting date 586a 8.33a 13.9b 26.5a 1.89a 83.4a 8.05a
2™ planting date 613a 8.27a 15.2a 26.7a 1.75a 89.2a 9.07a
3" planting date 412b 6.05b 10.1¢c 8.3b 1.81a 38.4b 3.68b
4" planting date 399b 5.55¢ 8.7d 2.9¢ 1.48b 21.2¢ 221c
B. Irrigation water levels
Level 1 (wy) 554a 7.70a 13.8a 23.2a 1.68a 74.3a 7.16a
Level 2 (wy) 517b 7.33a 12.0b 21.6b 1.79a 61.6b 6.29b
Level 3 (w3) 436¢ 6.12b 10.2¢ 18.4¢c 1.81a 38.2¢ 3.98¢
Interaction * NS NS NS NS wx *

Means followed by the same letter are not significantly different (P= 0.05) according to Duncan’s multiple
range test.

*Significant at P= 0.05.

** Significant at P= 0.01.

NS = Not significant.

*%* Bulbing ratio: i.e. the ratio of the greatest diameter of bulb to the minimum neck diameter (Mann, 1952).

Table (2)
Effect of planting date and irrigation water level on onion plant growth at harvest in the
second season

Plant No. of Neck Bulb Fresh Fresh wt Dry Dry wt./
T . : . . Bulbing wt./ of green wt./ green
reatments height leaves diameter diameter ratio® bulb leaves/ bulb leaves
(mm) | plant | (mm) (mm) ) plant @ @
A. Planting dates
st T
! ‘ﬁ:{‘;mg 6452 | 9.66a | 173b 515a 297a | 201.7a | 117.2a | 22.63a | 13.07a
nd :
2 %ﬁ‘:‘“g 6532 | 10.38a | 18.5ab 56.5a 3.00a | 2294a | 128.6a | 24.13a | 13.98a
rd :
3 Ifilzgmg 674a | 10.33a | 19.0a 56.2a 2952 | 2082a | 119.8a | 22.97a | 13.48a
th .
4 f(’ilaat“e“ng 514b | 9.50a 15.7¢ 43.7b 278b | 1464b | 755b | 16.81b | 8.44b
B. Irrigation water levels
Level 1 (w)) 648a 10.54a 19.2a 55.3a 2.87b 195.9a 128.3a 21.9ab 13.94a
Level 2 (ws) | 66la | 1033a | 18.8a 543a 2.88b | 212.1a | 124.4a | 23.79a | 14.09a
Level 3 (w3) | 555b | 9.04b 14.8b 46.1b 311a | 181.2a | 782b | 19.18b | 8.71b
Imzr‘fgo“ NS NS NS NS NS NS NS NS NS

Means followed by the same letter are not significantly different (P= 0.05) according to Duncan’s multiple range
test.

NS = Not significant.

* Bulbing ratio: i.e. the ratio of the greatest diameter of bulb to the minimum neck diameter (Mann, 1952).
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Results

Vegetative growth planting date effects :

Delaying planting date caused a reduction in plant height at all sampling dates
in both growing seasons (Tables 1 and 2). Higher number of green leaves was
formed during the 1% and 2™ planting dates than the 3™ and 4 planting dates.
This increment was insignificant in the first season (Tables 1 and 2). Similarly,
bulb diameter showed a similar trend; as onion plants were sown earlier, bulb
diameter increased significantly, and the latest planting date resulted in smaller
bulb diameters. The opposite was true with the neck diameters, as the neck
diameter of plants significantly increased as planting date was delayed. No
significant difference was observed in bulbing ratio among the early planting
dates. However, it showed significant higher values than the last planting date
in the two growing seasons (Tables 1 and 2).

Fresh and dry weights of the plants were reduced at the later dates. The
reduction being noticeable especially in the 4% planting date. This reduction
was planting dates dependent, except the 22 planting date, which had some
higher values than the 1 planting date. No significant difference was observed
between the 12 and 2 planting dates, especially in dry matter contents.

Irrigation water level effects :

Data presented in Tables 1 and 2 indicate that the applied water level had a
significant effect on the growth of onion plants. With increasing soil water
supply, recorded plant growth parameters; i.e. plant height, number of green
leaves and bulb diameter were significantly increased in the tested growing
seasons. The effect was not significant in the 224 season between the highest
and medium levels of irrigation water, especially for the plant height, green
leaves per plant and bulb diameter. Obtained results in Tables 1 and 2 also
showed that higher level of applied water resulted in a significantly thicker
neck of the formed bulbs, especially in the first growing season, but in the
second season insignificant increase was found.

Except for plant height, fresh and dry weight of onion plants, the
interaction between planting dates and water irrigation levels showed
insignificant effect on the tested growth parameters (Tables 1 and 2).

Yield components planting date effects:

Yield could be considered the net value of all growth features of plants,
therefore it may be advisable to investigate yield as the net expression for the
response of onion plants to irrigation water level and planting date.
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basis at particular phonological stages with negligible losses in terms of
quantity and quality of final output.

Therefore, this study was designed to provide information about the suitable
time for planting as well as water application levels to assess the feasibility of
onion production under the conditions of central region of Saudi Arabia.

Materials and Methods

This study was conducted during the autumn season of 2001/2002 and
2002/2003 at the Experimental Farm of the College of Agriculture and
Veterinary Medicine, Al-Qassim University, situated in central Saudi Arabia. It
coordinates area: latitude 26° 18'N and longitude 43° 58'E. Its altitude is 725m
above sea level. The soil texture was sandy (96.3% sand, 1.8% silt and 1.9%
clay), pH ranged from 8.2 to 8.6, the ranges of the available N, P and K were
13-17, 15-18 and 31-43 mg/l, respectively. The irrigation water had a pH of
7.11 and total soluble salts of 945 mg/l, SAR value was 2.66. Seeds of onion
(cv. Texas Early Grano) were sown on 15" August, 1% and 15" September and
1** October. They were sone in trays filled with peatmose and were watered as
necesery. Transplanting was performed two months later. Irrigation was added
by a single line source sprinkler delivering 38, 47 and 57 m® h'! twice a week
intervals. This experiment consisted of 12 treatments, which were four planting
dates and three irrigation water levels and their interactions. Each planting date
and irrigation water level was represented with three replicates and arranged in
a complete randomized block design. The plot was 4.5 X 4.5m. These plots in
this experiment included six rows placed 0.5m apart with a distance of 0.1m
between plants. This density is a typical practice of farmers.

All other agricultural practices were done according to the Ministry of
Agriculture and water recommendations for onion production. Two samples of
six plants from each plot were taken 60 days after transplanting dates in both
growing seasons for measuring some growth parameters. Plant growth
measurements include plant hight, plant fresh weight, plant dry weight, fresh
and dry weight of bulb, number of leaves per plant, neck diameter, bulb
diameter and total yield. The crop yield was taken on whole plot basis. To
determine the dry weight of leaf and bulb; the plant material was dried in an
oven at 65-70° C to a constant weight. The data obtained were statistically
analyzed. Mean separations were calculated using the least significant
differences (LSD) (P= 0.05) Steel and Torrie (1982).
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Effects of Planting Date and Irrigation Water Level on
Onion (Allium cepa L.) Production Under Central
Saudi Arabian conditions

Abdulrahman M. Al-Moshileh

Department of Plant Production and Protection,
College of Agriculture and Veterinary Medicine, Al-Qassim University,
Saudi Arabia

Abstract:

The effects of four planting dates (15/10, 1/11, 15/11 and 1/12) and three
irrigation water levels (38, 47 and 57 m*h™!), on onion growth and production,
were studied during autumn seasons of 2000/2001 and 2001/2002 in an
experiment carried out on a sandy soil in a semi-arid at Al-Qassim, Central
Saudi Arabia.

Early planting showed significantly higher growth values than the later
planting in the two growing seasons. Early planted onion gave a high total bulb
yield, but the plants tended to produce more flower stalks and doubled bulbs.
The applied irrigation levels had significant effects on the growth of onion
plants. As soil water supply increased, plant growth parameters and total yield
were significantly increased, while marketable yield was reduced.

Key words: Onion, Allium cepa, irrigation level, vegetative growth, planting
date, bulb yield.

Introduction:

Onion in Saudi Arabia ranks fourth among most important grown
vegetable crops in terms of planted area and total production (MAW, 1997). Its
production rose to more than 100.000 tons per year (FAO, 2001). In Central
Saudi Arabia, onion is usually planted in rows at a density of 50,000
plants/hectare, during Autumn and lasts for five months. Many agricultural
practices may affect onion productivity such as planting and harvesting dates
(Brewster, 1990; Pendy et al., 1992; Singh, 1993; Koreim, 1994, Galmarini,
1995 and Maw et al, 1997), and water application (Abu-Gerab, 1987; Abu-
Awwad, 1996; Saha, et al., 1997 and Wright and Grant, 1997). On irrigated
lands, the onion crop is regarded as a fairly large consumer of water, which
limits its expansion to areas of limited water resources. However, a number of
experiments carried out in the past (Battilani et al., 1986 and Hedge, 1988)
have led us to assume that it is possible retain watering on a highly selective
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