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Influence of Supplemental Irrigation on Forage  
Yield and Quality of Three Range  Species Under  

Saudi Arabia Conditions 
 

AL-Khateeb, S. A 
Crops & Range Dept.  College of Agric. and Food Sci., King Faisal Univ.,  

Al-Hassa, Kingdom of Saudi Arabia 
 

Abstract: 
Three range species, Artemisia herba-alba, Atriplex halimus and Suaeda 

vermiculata, were used to study their potential to produce biomass under three 
irrigation regimes (Drip irrigation with the rate of 1000 and 2000 m3/ha/year 
and furrow irrigation with the rate of 8000 m3/ha/year). Randomized 
complete block design with four replicates was used. The main results showed 
that the drip irrigation with the rate of 2000 m3/ha/year surpassed the other 
two irrigation regimes either in yield or most of forage quality traits of the 
three evaluted plant species. Fodder yields of A. halimus and  S. vermiculata 
were more than A. herba-alba under all irrigation regimes. Crude protein did 
not significantly differ due to irrigation regimes, while the crude fiber was 
negatively affected with the deficit of irrigation water, particularly in A. 
halimus.  
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Study of the Effect of Temperature on the Deflection of 

PVC and CPVC Pipes When Subjected to Bending 
 

Mushari A. H. AL-Naeem Hasan A. S. AL-Hashem 

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

Abstract: 
In the current work, the deflection of PVC and CPVC pipes when 

subjected to bending have been studied at room temperature (23OC), 50OC 
and 80OC. The test specimen was designed as a simply supported beam 
subjected to three point bending. The bending force was adjusted to act at 
the middle of the specimen. The test specimens were loaded up to a 
deflection equal to two times of the pipe diameter (d=26 mm). To increase 
the results accuracy, 4 specimens were tested at each temperature. The 
obtained results showed that, the plastic deformation remained 
approximately constant for test temperatures 23OC and 50OC but, the plastic 
deformation of PVC pipes is two times of that for CPVC pipes. At 80OC the 
plastic deformation for both PVC and CPVC increased where the deflection 
of PVC remained bigger than that for CPVC. To assure the accuracy of the 
relation between the force and the corresponding deflection, the 
experimental relation was compared with the theoretical one. It was found 
that, the experimental and theoretical relation between the load and the 
corresponding deflection is matching very well from the beginning up to the 
elastic region, which was found to be from 0 to 20 mm deflection. The 
relation between the load and the displacement was divided to region; the 
first region is the elastic region while the second region is the plastic region. 
The pipes stiffness (K) in the plastic loading region is 30% of that in the 
elastic region. The pipes stiffness decreased with small rates due to 
temperature change from 23OC to 50OC, while, the pipes stiffness decreased 
with higher rates due to temperature change from 50OC to 80 OC. 
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Effect of Nigella sativa Seeds on Some Enzymes in 
Plasma of Male Goats  

 
*mi ; A. A. Akbar and A. M. HomeidaSuhi -E. A. Al  

College of Science for Girls  - Dammam, Kingdom of Saudi Arabia 
Ahsa –College of Veternary Medicine , King Faisal University , Al *  

Kingdom of Saudi Arabia 
Abstract:     

    This study was carrid out to investigate the effect of 
Nigella sativa  seeds suspension on the levels of the enzymes  
(AST , ALT , LDH , CK).  A number of healthy male goats were 
used for this study. they 2 years old and weighing (26 - 34) kg. 
They were divided in to experimental groups. Group (1) was kept 
as a control group and the animals were given water only without 
the seeds. Animals in group (2) were given Nigella sativa seeds 
suspension (100 mg / kg of body w.) while animals in group (3) 
were given (250 mg / kg of body w.) animals in group (4) were 
given (1 g / kg of body w. ). All doses were given orally by a 
stomach tube daily in the morning for 10 days. Blood samples 
were collected by jugular vein puncture to determine the 
enzymes levels .                                                                                      

The results showed that there were no significant changes in 
the studied enzymes levels in goats plasma except for temporary 
fast changes which returned to the basal level speedily. it 
concluded that the water suspension of Nigella sativa seeds had 
no effect on the enzymes activities which reflect the function of 
liver, heart and skeletal muscles even when the used dose was 
increased 10 times. This shows the safety of the seeds on the 
studied organs of the male goats .                                                                                        
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Groups
Days 

Fasting Control  
34.06 43.33  1  
42.71 33.56 2 
34.68 32.41 3 
27.95 34.61 4 
44.08 39.76 5 
40.44 35.43 6 
36.19 29.19 7 
37.77 34.68 8 
37.83 26.03 9 
34.61 32.07 10 

 Data indicate mean ± SE    
n = 4  
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Data indicate mean ± SE   
n = 4 ; Pr0tected LSD = 6 . 23 
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Data indicate mean ± SE   
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Effect of Fasting on Glucose Level and Its Regulating 

Hormones in Male Goats  

E. A. Al - Suhimi ; A. A. Akbar and A. M. Homeida* 

College of Science for Girls, Dammam, Kingdom of Saudi Arabia  
*College of Veternary Medicine, King Faisal University,  

Al – Ahsa, Kingdom of Saudi Arabia 

Summary:  

  This study was carried out to study the effect of fasting in regulation and 
maintaining normal blood glucose levels in healthy male goats at 
physiological limits . That was done by monitoring the different hormones 
involved in glucose metabolism in this species which is characterized by 
having low blood sugar .             

A number of healthy male goats (1 - 2 years old) weighing (26 - 34 kgs) 
were used . The experimental animals were divided into two groups ; control 
and test (fasting) group .  

Blood samples were taken by jugular vein puncture at the morning before 
and after the fasting protocol so as to determine the blood glucose level and its 
regulating hormones. The results revealed that blood glucose level was not 
affected by fasting despite the high level of insulin in the plasma of fasting 
goats .  

However , glucagon , cortisol , free thyroxin and growth hormone were at 
normal physiological levels . It is evident from these results that the Islamic 
fasting doesn’t have an adverse effect on normal glucose metabolism . It 
therefore pointed that Islamic fasting may by rather safe for diabetic patients 
and could not be considered as a stress factor .  
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Table 3  

Correlation between student scores in different  
examination components 

Course no. Gender MCQ Match SA Essay 

I M  .601* .694* .445* 
  .601*  .654* .408* 
  .694* .654*  .602* 
  .445* .408* .602*  
 F  .632* .721* .477* 
  .632*  .608* .436* 
  .721* .608*  .620* 
      
II M  .716* .601* .445* 
  .716*  .637* .418* 
  .601* .636*  .544* 
  .445* .419* .574*  
 F  .744* .786* .516* 
  .744*  .747* .544* 
  .786* .747*  .623* 
  .516* .544* .623*  
III M . .554* .472* .270* 
  .554*  .472* .347* 
  .472* .472*  .307* 
  .270* .347* .307*  
 F  .642* .628* .469* 
  .642*  .661* .547* 
  .628* .661*  .461* 
  .469* .547* .461*  

* =P value 0.0001(chi-square) 
MCQ= multiple choice questions 
Match= matching questions 
SA= short answer questions 
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Table( 2 )  

Distribution of Students' performance in different examination 
components according to gender 

C
ou

rs
e 

N
o.

 

G
en

d
er

 

N
o.

 o
f 

S
tu

d
en

ts
 Students’ Score  (Mean  SD) 

Part I (80 marks) 
Part II 

(20 arks) Total score 
Parts I+II 

100 MCQ Match SA Total 
Essay 

I 

M 307 27.55.2 14.73.1 184.8 53.5T±10 123.1 66±12 

F 189 27.15.6 14.20.3 19.95.3 54.4T±11 11.83.2 66±13 

P value 
 0.26 0.33 0.08 0.10 0.60 0. 

II 
 
 
 
 

M 225 27.45.2 13.23.2 19.04.9 53T± 10 11.73.1 65±15 

F 140 26  6.0 12.33.6 18.15.7 50T± 13 11.93.6 62 ±9 

P value 
 0.04* 0.10 0.03* 0.02 0.04* 

>0.01-
<0.05 

III 

M 221 18.44.1 13.62.8 19.34.1 51.3 ±9 12.52.6 64±10 

F 161 19.14.3 14.23.1 20.24.6 53.5 ±11 13.42.8 67±12 

 
P value 

 0.41 0.16 0.07 .005 0.11 0.5 

        T=Values weighed out of 80 
MCQ = multiple choice questions 
Match= matching questions 
SA= short answer questions 
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Table 1-B  (Course II) 
Students’ performance in the various components of the examination 

n = 365 
Exam 

components 
Students grades (No) % % 

Pass A B C D F 
Part I:       
        MCQ (22) 6 (54) 14.8 (90) 24.7 (94) 25.8 (105) 28.8 71.3 
        Match (31) 8.5 (46) 12.6 (667) 18.4 (72) 19.7 (149) 40.8 59.2 
        SA (15) 4.1 (42) 11.5 (73) 20 (58) 15.9 (177) 48.5 51.5 
Total Part I (12) 3.3 (44) 12.1 (76) 20.8 (105) 28.8 (128) 35 65.0 
PartII:  
        Essays 

(2) 0.45 (23) 6.3 (62) 17 (61) 16.7 (217) 59.5 40.5 

*P value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
Total  
(Parts I + II) 

(7) 1.9 (35) 9.6 (73) 20 (117) 32.1 (133) 36.4 63.6 

MCQ = multiple choice questions 
Match= matching questions 
SA= short answer questions 
   *Comparison between Parts I and II (t- test) 

Table 1-C 
(Course III) 

Students’ performance in the various components of the examination 
n =382 

Exam 
components 

Students grades (No) % % 
Pass A B C D F 

Part I:       
        MCQ (13) 3.4 (34) 8.9 (69) 18 (82) 21.5 (184) 48.2 51.8 
        Match (36) 9.4 (66)17.3 (108)28.3 (69) 18.1 (103) 27 73.0 
        SA (14) 3.7 (56) 14.7 (81) 21.2 (74) 19.4 (157) 41 59.0 
Total Part I (9) 2.4 (39) 10.2 (81) 21.2 (126) 33 (127) 33.2 66.8 
PartII:  
        Essays 

(3) 0.78 (45) 11.8 (84) 22 (77) 20.2 (173) 45.3 54.7 

*P value 0.0001 0.017 0.033 0.0001 0.0035 0.0001 
Total  
(Parts I + II) 

(5) 1.3 (33) 8.6 (87) 22.8 (138)36.1 (119) 31.2 68.8 

MCQ= Multiple choice questions 
Match= Matching questions 
SA= short answer questions 
* Comparison between parts I and II (t- test) 
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In conclusion, MCQ, matching and short answer questions are more 
objective and give a better insight into the students’ understanding and 
application of knowledge. They also demonstrate an acceptable degree of 
concordance between them. We, therefore, recommend making greater use 
of them in the undergraduate medical examinations. Essay questions have 
low inter examiner reliability, higher failure rate and poor validity. 
Furthermore, they correlate poorly with other components of the 
examination. These findings strongly indicate  a need for change. We 
suggest that essays should be substituted with objective types of questions 
like MCQ , matching questions, and short answers or a minimal use should 
be made of this examination component. We wait with interest the 
experience of others on this subject from other medical schools both within 
and outside the Kingdom. 

 
Table 1-A  (Course I) 

Students’ performance in the various components of the examination 
n = 496 

Exam 
components 

Students grades (No) % % 
Pass A B C D F 

Part I:       

         MCQ (31) 6.3 (79) 15.9 (126) 25.4 (112) 22.6 (148) 29.8 70.2 

         Match (79) 15.9 (101) 20.4 (108) 21.8 (103) 20.7 (105) 21.2 78.8 

         SA (28) 5.6 (57) 11.8 (71) 14.3 (66) 13.3 (274) 55 45 

Total Part I (26) 5.2 (64) 12.9 (120) 24.2 (137) 27.6 (149) 30 70 

PartII:  
        Essays 

(3) 0.6 (35) 7.1 (84) 16.9 (62) 12.5 (312) 62.9 37.1 

*P value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

Total  
(Parts I + II) 

(9) 1.8 (65) 13.1 (109) 22 (159) 32.1 (154) 31 69 

MCQ= Multiple choice questions 
Match= Matching questions 
SA= Short answer questions 
* Comparison between Parts I and II (t-test) 
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questions can be set to cover a wider area of the subject and test the in-depth 
knowledge of students better than essays, which tend to be limited in their 
scope. This is confirmed by our analysis in this study where students’ 
performance in short answers was better than in essays and correlated highly 
with the objective types of questions like MCQ and matching questions . 

 Although long essay questions have been shown generally to have a low 
inter examiner reliability, they are still much used in undergraduate medical 
examinations. Evidently because examiners feel that essays have greater 
inherent validity than some of the modern objective techniques like MCQs 
(Wakeford and Robert ,1979). In spite of the fact that the problem oriented 
essay questions in course III were answered better by the students, the 
failure rate in this part of paper was still high (45.3%), when compared with 
part I (33.2%). The failure rate in part II in course III was lower than 
courses I & II. This, probably, reflects more maturity and a better grasp of 
the subject by the students at this level. The poor reliability and validity of 
essay questions is well known (Tombleson ,1990; Wakeford and  
Robert ,1979) and this has been confirmed by our current study where essay 
questions correlated least with other components of the examination paper. 
In addition to the factors mentioned above, some other factors not in favor 
of essays are: idiosyncratic behaviors of the examiners in the distribution of 
marks awarded for essays, the language problem, emotional maturity of the 
students, poor and illegible handwriting, etc (Wakeford and Robert ,1979). 
These have led to significant differences in performance of students in MCQ 
and essays (Huxham et al.,1975). Psychometric studies of essays were 
shown to have unacceptably low level of reliability and generalizability and 
furthermore factor analysis showed that the  papers perceived functions 
could not be supported statistically, therefore they these were replaced by 
MCQs (Tombleson ,1990). When modified essay questions were compared 
with MCQ format on similar material content, MCQ performance was found 
to be a better predictor of score in American National Board I and II 
examinations (Robinowitz ,1987). The National Board of Medical 
examiners of the United States has converted the essay portion of evaluation 
to MCQs (Schumacher ,1978a) 
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evaluation tools. The results of this study clearly showed that grades were 
not uniformly distributed. A considerable number of students (over 50%) 
scored C and D, while only a small proportion (15%) achieved grades A and 
B. There was also a rather high failure rate in the three courses. 

In this analysis the correlation between the various components of the 
examination paper demonstrated an acceptable degree of concordance 
between some components. MCQs correlated highest with all the other 
components of the examination. These data are in good agreement with 
previously reported findings from this University  (Lugman and  
Ibrahim ,1987) and other institutions (Robinowitz and Hojat ,1989; 
Robinowitz ,1987; Ramsey et al., 1986; Edelstein et al., 2000).  McCloskey 
and Holland ,(1976) have shown that students’ performance was better in 
MCQ and in cued essay questions than in uncued essay questions. All this 
bore out the known objectivity of this evaluation tool ( Hubbard ,1978; 
Daniel ,1987). However, to enhance or at least maintain its high 
discriminatory function, MCQs should be regularly subjected to 
psychometric analyses  which consist of item analysis, reliability and 
validity testing (Schumacher ,1978a & 1978b). 

Matching questions possess a reasonably high degree of correlation with 
MCQs and short answer questions. This is confirmed by our current 
findings. The reliability of matching questions has been shown by 
Fenderson et al., (1997). These types of questions were found to be able to 
discriminate between well prepared from marginal students; and are well 
suited for testing core knowledge (Fenderson et al.,1997 ;Blackwell et 
al.,1991). 

A structured short answer question can test knowledge, assess problem 
solving ability and has the advantage that candidates construct their own 
answers, yet encourage sufficient precision for answers to be easily marked. 
The advantages of short answer questions over MCQs (Hettiaratchi ,1978) 
and the recommendations to make greater use of them in medical schools 
have been suggested in some reports (Wakeford and Robert ,1984;  
Webber ,1992). Evidence published in the literature suggests that the 
reliability of short essay questions (10 minutes) may be higher  
(Hettiaratchi ,1978). This type of questions may have a useful role in a 
broadly based examination system. Our experience is that short answer 
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grades in the two parts of the examination were statistically significant ( p 
value = 0.0001). 

In course III (Table 1-C), about 10% of students obtained grades B and 
above while 59% of them got low grades (C and D). The percentage of 
failure was 31. Comparison of grades obtained in parts I and II shows that a 
larger percentage of students failed in part II than part I (45% vs. 33%, 
respectively). In part II less than 13% of students obtained high grades B 
and above while 42% had grades C and D.  In contrast, in part I, 13% of 
students obtained high grades B and above while 54% of them obtained 
grades (C and D). These differences in grades in the two parts of the 
examination were statistically significant ( p value = 0.0001). 

The results of analyses of students’ scores in the three courses show that 
female students generally performed on a par with males in overall score 
except in course II, where male students performed slightly better than 
females in the overall score, MCQs, and matching questions (Table 2). 

The correlation of various examination components (Table 3) shows that 
highest correlation was linked to MCQ. A low, though significant 
correlation was observed for essays. Among male students in course I, MCQ 
results correlated highly with short answer questions (0.69; p value = 
0.0001) and matching questions (0.60; p-value = 0.0001) whereas its 
correlation with essays was only 0.45. A similar pattern was observed for 
female students. 

Similarly among male students in course II highest correlation was 
found between MCQ and matching (0.71), short answer (0.60) and least 
with essays (0.45). As in course I, short answers correlated highly with 
matching  (0.64) and MCQ (0.60) and least with essay (0.57). For females, a 
similar trend was observed. The same pattern was observed in course III. 

Discussion: 
Assessment of various evaluation procedures is as important task as 

teaching students. Medical teachers can no longer fulfill their educational 
responsibilities adequately without more knowledge than most now have of 
the criteria by which they can select from the increasing varied array of 
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The passing grade was an aggregate of 60% or more. The grading 
scheme was as follows: A = 90% or more, B = 80%-89%, C = 70%-79%,  
D = 60%-69% and F below 60%. 

Data analysis and statistical methods 
All the scores were entered into a computer and analyzed statistically by 

t-test and chi-square where appropriate. Correlation coefficient between 
different examination components were estimated using Pearson’s product 
moment method. In all analyses a p-value of less than 0.05 was considered 
statistically significant. 

Results  
The written examination results of 1243 students were analyzed. The 

results of each course were evaluated separately. Tables 1-A, B, C for 
course I, II and III, respectively show students’ performance in the various 
components of the examination papers . 

In course I (Table 1-A), the analysis shows that 15% of students were 
graded B and above while over 54% of them graded C and D. The 
percentage of failure was 31. Comparison of grades obtained in parts I and 
II shows that a larger percentage of students failed in part II than part I 
(62.9% vs. 30%, respectively). A lower percentage of students achieved 
high grades in part II. About 7.7% of students obtained grades B and above 
and  29.4% obtained grades C and D.  In contrast, in part I, 18% of students 
obtained grades B and above while 52% of them obtained C and D. These 
differences in grades in the two parts of the examination were statistically 
significant (p = 0.0001, chi-square). 

A similar trend was observed in the analysis of the results in course II 
(Table 1-B). About 12% of students obtained grades B and above, while 
52% of them obtained low grades (C and D). The percentage of failure was 
36.4%. Comparison of grades obtained in part I and II shows that a larger 
percentage of students failed in part II than part I (60% vs. 35%, 
respectively). A lower percentage of students obtained high grades in part II. 
For instance 7% of students obtained grades B and above while 33.7% 
obtained C and D. In contrast, in part I, 15% of students obtained grades B 
and above while 49.6% of them obtained C and D. These differences in 
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Courses I and II are taken during preclinical years, where the students 
have taken anatomy, physiology and biochemistry and are taking 
simultaneously with pathology and microbiology. 

Course III, clinical pharmacology, is offered to fifth year students during 
the clinical years. Two hours of didactic lectures per week and two weeks 
clinical clerkship are given for a semester.  It deals with toxicology and the 
application of drugs in various disease conditions. The students take a mid-
course, a final written, as well as an oral examination at the end of the 
clinical clerkship. 

In courses II and III, male and female students are taught separately but 
by the same teacher. However, in course I, male students are taught by male 
teachers and female students by a female teacher. In all the courses male and 
female students are given the same examination paper.  

Methods: 
A retrospective analysis study of 1243 examination results of written 

papers of students taking the three different courses in Medical 
Pharmacology, College of Medicine , King Faisal University, was carried 
out. These examinations were conducted from 1990 to 1993. The written 
examination papers in all the courses are composed of the following: 

Part I carries 80% of the total marks and consists of (I) single best 
response type of multiple-choice questions (MCQs): 40 questions in courses 
I and II, and 30 questions in course III; 1 mark was assigned for each correct 
answer (total 40 marks in courses I and II and 30 marks in course III). There 
was no negative marking. (II) matching (Match): 40 matching questions, 
each for 0.5 mark (total 20 marks); and (III) short answer questions (SA): 15 
questions of 2 marks each (total 30 marks). This sums to 80 marks for part I 
in course III. However, it sums to 90 in courses I and II from which, 80 
marks were computed for the total score. 

Part II carries 20% of the total marks and consists of 2 essay questions 
of 10 marks each. In order to have uniformity in grading, short answers and 
essays were graded by one faculty member. Thus the written examination 
consisted of  80% for part I and 20% for part II. 
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Introduction 
There has been a lot of discussion in the literature regarding reliability, 

validity and practicability of the various methods used to evaluate the 
knowledge of students. The age-old method of essay writing has gradually 
been disappearing because of various reasons such as low levels of 
reliability,and generalizability (Tombleson ,1990) . Robinowitz and Hojat, 
(1989), reported that essay questions had the lowest correlation with overall 
performance when compared with multiple choice questions or clinical 
examination. Similar findings are also reported by McCloskey and Holland, 
(1976) while comparing essays with multiple choice questions.  The 
objectively structured short answer questions have recently been introduced 
and a greater use of this question format has been recommended by Huxham 
et al., (1975). Not many medical schools have initiated systematic and 
scientific investigation into the nature and evaluation of their examination 
methods. By conducting a retrospective study, we have made a humble 
effort to assess and analyze students’ performance in different types of 
questions in various courses of Medical Pharmacology.  We also tried to 
find out the correlation between examination components and the students’ 
score. In addition, the performance of male and female students was 
compared. 

Pharmacology is offered in College of Medicine, King Faisal University 
in three courses at the third, fourth and fifth levels. Course I, basic 
pharmacology, is offered at the third level. Three lectures and one 
laboratory session per week are given for 16 weeks (one semester). The 
course contents include general pharmacology, autonomic pharmacology, 
autocoid pharmacology, antimicrobial and antiparasitic drugs. Course 
evaluation was carried out by a mid-course and a final written examination. 
An oral examination is given for the laboratory work. 

Course II, systemic pharmacology, is offered at the fourth level and 
deals with the pharmacology of the cardiovascular, respiratory, endocrine, 
gastrointestinal , central nervous systems and chemotherapy of malignancy. 
Three lectures are given per week for a semester. Student evaluation 
consists of a mid-course and a final written examination. 
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Abstract: 

We retrospectively analyzed the results of 1243 written examination 
papers of students taking three courses in medical pharmacology. the 
examination paper consisted of two parts: part I was made up of multiple 
choice questions (MCQs), matching (match) and short answer questions (SA), 
while part II was made up of essay questions. The overall failure rates for 
courses I, II and III were 31%, 36.4% and 31.2% respectively. In the three 
courses around 12% of students obtained high grades (A and B), whereas 55% 
had low grades (C and D). IN course I, 1.8% of students obtained grade A, 
13.1% grade B , 22.6% grade C  and 32.1% grade D . Corresponding results in 
course II were 1.9%, 9.6%, 20%  and 32.1%  and in course III, 1.3%, 8.6% , 
22.8%  and 36.1%  respectively. 

Female students generally performed on a par with males in overall score 
except in course II, where male students performed slightly better than 
females in overall score, MCQs, and matching questions. The comparison of 
grades and failure rates in parts I and II of the examination of the three 
courses showed that less than 1% of students scored A grade in part II while 
2.5 to 5.4% did so in part I. The failure rates in the two parts were 30% to 
35% in part I and 45% to 63% in part II. In all the courses high correlation 
were linked to students performance in MCQ, short answer and matching 
questions while low correlation was demonstrated for essay questions. 

MCQ, matching and short answer questions had lower failure rates and 
demonstrated an acceptable degree of correlation between them. essay 
questions had higher failure rate and showed poor correlation with other 
components of the examination. It is recommended that essay questions 
should be substituted (or a minimal use of them should be made) with 
objective types of questions like mcq , matching questions, and short answers. 
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Table ( 2 ) 
Pharmacokinetic parameters of enrofloxacin given at a single 

IM dose of 5 mg/kg body weights, to healthy goats. (n. = 5). 
Kinetic parameters Mean ± SD 

Cmax (g/ml) 0.33 ± 0.02 
AUC (g/ml/h) 2.29 ± 0.12 

Kabs (h-1) 5.90 ± 1.02 
t1/2 abs (h-1) 0.15 ± 0.02 

Kel (h-1) 0.16 ± 0.02 
t1/2 el (h) 4.41 ± 0.12 

F (%) 110 ± 9.8 

Cmax = peak concentration; t1/2 () = half-life of distribution phase;  
AUC = area under the concentration-time curve Kabs = absorption rate 
constant; t1/2 abs = absorption half-life; Kel = tissue fluid elimination rate 
constant; t1/2 el = tissue fluid elimination half-lif; F = biovaibility. 
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Fig 1:  Mean semi-log serum concentrations of enrofloxacin versus time 
following a single IV and IM dose of 5 mg/kg body weights to healthy 
goats. (n. = 5 each). 
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Table ( 1 ) 
Pharmacokinetic parameters of enrofloxacin given at a single IV dose of 5 

mg/kg body weight to healthy goats (n. = 5). 
Kinetic parameters Mean ± SD 

Cmax (g/ml) 0.88 ± 0.21 

A (g/ml) 0.61 ± 0.10 

 (h-1) 1.47 ± 0.25 

t1/2 () (h) 0.56 ±0.02 

B (g/ml) 0.27 ± 0.04 

 (h-1) 0.16 ± 0.06 

t1/2 (1) (h) 4.7 ± 0.45 

K12 (h-1) 0.60 ± 0.15 

K21 (h-1) 0.63 ± 0.13 

K12/ K21 1.0 ± 0.05 

MRT (h) 5.33 ± 0.44 

AUC (g/ml/h) 2.23 ± 16 

ClB (L/kg/min) o.57 ± 0.03 

Vd (area) (L/kg) 3.80 ± 0.36 

Cmax = maximum drug concentration; A = zero-time intercept of 
distribution phase; B = zero-time intercept of elimination phase;  = 
distribution constant; t1/2 () = half-life of distribution phase;  = 
elimination constant; t1/2 (1) = half-life of elimination phase; K12 = rate 
constant from central to peripheral compartment; K21 = rate constant from 
peripheral to central compartment; K12/K21 = ratio of K12 toK21; MRT = 
mean resident time; AUC = area under the concentration-time curve; Vd 
(area) = volume of drug distribution; ClB = total body clearance of the drug. 
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Discussion: 
Pharmacokinnetics of enrofloxacin in goats are similar to others reported 

elsewhere (Rao et al., 2000; 2001; 2002; Elsheikh et al., 2002). The 
spectrophotometric method used in this study could also measure 
metabolites. Other studies were also performed in in calves (Kaartinen et al., 
1995), dogs (Heinen, 2002; Ehinger et al., 2002) and mares (Papich et al., 
2002). Peak of enrofloxacin concentration in goat serum was demonstrated. 
With regards to the elimination half-life, the results have shown that 
effective level of enrofloxacin was maintained in goat for 4.7 and 4.4 h after 
IV and IM dosing, respectively. In other animals a considerable amount of 
work has demonstrated the acceptable serum concentrations of enrofloxacin. 
The elimination half-life in pigs, calves, dog and horse and were, 4.99, 3.88, 
4.07 and 6.7 hours, respectively (Anadon et al., 1999; Bregante et al., 1999; 
Heinen, 2002; Papich et al., 2002). Mean Vd in goat was found at three 
times more after both IV than IM administration; equally high values have 
been obtained for other ruminant species(Kaartinen et al., 1995; Brown, 
1996; Mengozzi et al., 1996; Walker, 2000; Rao et al., 2002). Indicating 
extensive pentration into tissues. The rate of distribution from central to 
peripheral was equal, indicating that the drug likely moves rapidly from the 
extracellular fluid into cells and vice versa. Area under the concentration 
versus time curves following IV and IM administration was identical. 
Moreover, the brief absorption half-life indicates rapid absorption from the 
IM injection site in goats. Although, both routes produced therapeutic level, 
enrofloxacin given intramuscularly was absorbed and eliminated slower 
than that administered intravenously. In conclusion, IM administration of 
enrofloxacin was superior in maintaining therapeutic concentration for a 
longer period of time. 
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the assay was 0.005 g. Drug standard and control of serum were always 
run in a similar manner adopted for unknown samples. 

Pharmacokinetics analysis: 
The relevant pharmacokinetic parameters were calculated according to 

conventional equations associated with compartmental analysis (Gibaldi and 
Perrier, 1982). The area under the concentration versus time curve (AUC) 
was calculated using the trapezoidal rule to the last measured concentration 
and also with extrapolation to infinity. The mean residence time (MRT) was 
calculated according to the equation (MRT = AUMC/AUC), where AUMC 
is the area under the curve of a plot of the product of time and the plasma 
drug concentration versus time. The mean absorption time (MAT) was 
calculated as MAT = MRT of intravenous, MRT of intramuscular routes. 
The intramuscular bioavailability (F) was calculated by the method of 
corresponding areas as F = AUCi.m. /AUCi.v..  

Results: 
Enrofloxacin concentration versus time curves was generated from data 

obtained after IV administration (Fig. 1). The values of pharmacokinetic 
parameters, which described the absorption and disposition kinetics of 
enrofloxacin in goats, are given in table 1. Mean elimination half-life was 
4.7 hours (h), and mean residence time was 5.4 h. Whereas the area under 
the concentration versus time curve (AUC) equal 2.23 g/ml. Mean volume 
of the central compartment (1.5 l/kg) and volume of distribution at steady 
state (3.1 l/kg) were high. The rate of distribution from the central to the 
peripheral compartment and vice versa was equal.  

Enrofloxacin concentration versus time curves was generated from data 
obtained after IM administration (Fig. 1). The of pharmacokinetic 
parameters, which described the absorption and disposition kinetics of 
enrofloxacin in goats, are given in table 2. The absorption was rapid, mean 
absorption half-life was 0.15 h. The mean Cmax of 0.33 g/ml was achieved 
in 0.74 h. Volume of distribution was similar but AUC was greater after IM 
than IV. 
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protein-binding (Brown, 1996; Boothe et al., 1999). Enrofloxacin is a useful 
antimicrobial agent for veterinary application. It has a wide spectrum of 
antibacterial activity against organisms that are resistant to many other 
antibacterial substances, such as -lactam antibiotics, aminoglycosides, 
cephalosporins, tetracyclines, sulphonamides and macrolides (Scheer 1987; 
Spoo and Riviere, 1995). It is the most widely investigated FQ in dogs, rats, 
rabbits, monkeys, calves, pigs and human (Siefert et al., 1986; Barrierc et 
al., 1987; Nouws et al., 1988; Walker et al., 1990; Andriole, 1993). 
Published pharmacokinetic data of enrofloxacin in goat are scarce and 
difficult to compare because of the different breeds of goat, administration 
procedures or analytical methods are used. Thus, the aim of the present 
study was to elucidate some of pharmacokinetic parameters of enrofloxacin 
in healthy Ardi goats following intravenous (IV) or intramuscular (IM) 
administration of a single dose. 

Materials and Methods 
Animals: 

Ten healthy female adult goats of Ardi breed aged 3-4 years and 
weighed between 45-55 kg were used in this study. They were housed in 
separate pens under natural day length and temperature. Goats were allowed 
to rest for certain time to make sure none of them had received any 
medication for at least 8 weeks prior enrofloxacin administration. Water, 
hay and concentrate supplements were provided ad libitum. Animals were 
then divided randomly into two groups; IV-group and IM-group.  

Drug administration and sampling: 
Enrofloxacin sodium (Hipra, 17170 Amer, Girona, Spain) was dissolved 

in 5 ml of sterile 0.9% sodium chloride solution. Each goat of the two 
groups was received a single dose of 5 mg/kg body weight either IV or IM. 
Blood samples (5 ml) for determination of serum enrofloxacin concentration 
were collected from the jugular vein into tubes prior to (time 0) and at 
predetermined times between 5 minutes and 48 hours after drug 
administration. Samples were allowed to stand protected from light for 20 
min, then centrifuged at 1400 × g for 5 min. Serum was separated and stored 
at –20 oC until analysis. Concentration of the drug in the serum was 
determined spectrophotometrically by the method of Jha et al. (1996). The 
absorbance maxima of enrofloxacin were recorded at 278 nm. Sensitivity of 
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Abstract: 
Pharmacokinetics of enrofloxacin given intravenously (IV) and 

intramuscularly (IM) at a dose of 5 mg/kg to two groups of Ardi goats 
were determined. The disposition of enrofloxacin was described by two-
compartment open model with elimination half-life of 4.7 and 4.4 hours 
after IV and IM administration, respectively. Therapeutic serum 
concentration of the drug was achieved and maintained for 9 and 12 hours 
after administration by IV and IM, respectively. Volume of distribution 
was high after administration by either route but area under curve was 
more after IM administration than by IV administration, suggesting that 
IM route could be better off in maintaining a prolonged plasma 
concentration of the drug. 

Key Words: Pharmacokinetic, enrofloxacin, goat. 

Introduction: 
Flouroquinolones (FQs) have been shown to be effective in the 

treatment of a wide variety of bacterial infections in both humans and 
animals (Moellering 1996; Hooper, 1998). Flouroquinolones have a broad 
bactericidal spectrum that includes Gram-negative and Gram-positive 
bacteria, chlamydiae and mycoplasma (Watts et al., 1997; Wolfson and 
Hopper, 1989). Worldwide, the quinolones are used in veterinary medicine 
to treat a variety of bacterial infections ( Brown, 1996; Walker, 2000). 
Enrofloxacin, difloxacin, marbofloxacin and orbifloxaacin are member of 
the FQs, a class of synthetic antibacterial acting on bacterial DNA 
topoisomerases II and IV (gyrase) (Hooper and Wolfson, 1993; Drlica and 
Zhao, 1997). Enrofloxacin is rapidly absorbed from the site of 
administration and well distributed into tissues. It achieves extra-and 
intracellular inhibitory concentration (Scheer, 1987; Walker et al., 1992; 
Kung et al., 1993) facilitated by its amphoteric character and relatively low 
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were observed in donkeys than in other animals . The values of MCV and 
MCH in donkeys were similar to those in horses , but MCHC were lower in 
donkeys than in horses . The erythrocyte sedimentation rate was faster in 
donkeys than in horses (Jain,1993; Reece 1997). 

The total number of WBC in donkeys blood is the highest among 
domestie animals  (Nayeri,1978; Reece 1997). Lower values of WBC in 
donkeys were reported elsewhere (Zinkl et. al., 1990). However, like other 
species the total and differential leukocyte counts maybe altered by factors 
such as age , nutritional statous, pregnancy and lactation ( Reece 1997). A 
description of blood chemistry has been reported in donkeys in one study in 
USA (Zinkl et. al., 1990). Most of enzyme activities , metabolites and 
mineral profile obtained were  in reasonable agreement with other domestic 
animals with some differences. CK activity was much higher and LD and 
ALT activities were lower in Hassawi donkey than those reported for 
donkey and other animals (Zinkl et. al., 1990: Jain 1993) . Total protein and 
albumin concentration were in agreement with those reported for donkeys in 
Tanzania (Wilson 1981 , Aboud et al 1999) and horses (Jain, 1993). Serum 
concentration of sodium, potassium ,chloride, calcium, phosphorous and 
magnesium in donkeys were  similar to those in donkeys (Zinkle et. al., 
1990) . Also, lower sodium concentrations were reported in Iraian donkeys  
(Nayeri,1978) Levels of calcium phosphorous, magnesium and iron were 
higher in donkeys than those reported for horses  (Jain 1983). Glucose and 
triglyceride concentration were much higher in Hassawi donkeys than other 
donkeys (Nayeri,1978; Zinkle,1990; Aboud et. al., 1999). This is probably 
because of the type of feeding of Hassawi donkeys . These animals were 
mainly fed on dates which is expected to yield more sugars , fats and 
minerals. Furthermore, Hassawi donkeys were kept mainly as pet animals 
and sometime for transport, pulling carts in case of poor owner . It is 
generally assumed  that donkeys are better able than other stock to utilize 
low quality forage to meet their maintenance requirements (Tisserand 1991). 
However, where donkeys have to perform energy demanding duties, it is not 
likely that the type of diets given to them would be adequate to meet their 
requirements.  
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The enzyme activity, the metabolites profile and the serum concentration 
of minerals obtained are given in Table 4. These parameters values were 
similar in the male and female donkeys , therefore they are pooled . 
 

Table ( 4 ) 
Serum biochemical values of donkeys ( N=13 ) 

Parameter (u/L) Mean ±  SD 
Creatinekinase (u/L) 168.6 ± 10.07 
Lactic dehydrogenase (u/L) 235 ± 15.8 
Aspartate transaminase (u/L)     269.5 ± 20.3 
Alanine transaminase (u/L)  15.7 ± 1.4 
Alkaline phosphatase (u/L)    253 ± 9.1 
Glutamic transaminase (u/L)   77.4 ± 6.2 
Total protein (g/dL)  7.6 ±  0.68 
Albumin (g/dL) 3.5 ±  0.08 
Glucose (mg/dL) 93.3 ±  9.5 
Cholesterol (mg/dL)  118 ±  8 
Triglyceride (mg/dL) 80.4  ±  13.4 
Urea (mg/dL) 25.5 ±  4.3 
Creatinine (mg/dL)  1.25 ±  0.05 
Na (mEq/L) 145 ± 18 
K (mEq/L) 4.8 ± 0.1 
Cl (mEq/L) 116 ±  4 
Mg (mEq/L) 2.5 ± 0.3 
Ca (mg/dL) 10.5 ±  0.6 
Phosphorous (mg/dL)  5.2 ± 0.3 
Iron (mg/dL) 82 ± 8.3 

Discussion: 
 The Hassawi donkey reaches a height of 1.3 meter while the largest is 

the Poitous ass of Italy, which stands 1.5 meter at the shoulder (Mason, 
1976 ). Values of packed cell volume and haemoglobin concentration were 
in accordance with those obtained for donkey, horse , sheep and cattle 
(Nayeri, 1978; Zinkle et.al.,1990; Reece, 1997) . Higher values of RBC 
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Table  ( 2 ) 
Mean ± SD Rectal temperature , heart and respiratory rate of donkeys 

(n=13) during experimental period 

Parameter Mean ± SD 
Number  of 
observations 

Rectal temperature ( oC ) 37.60 ± 0.03 ( 34 ) 

Heart rate ( beats /minute ) 46.5 ± 0.3 ( 33 ) 

Respiratory rate 
( respiration / minute ) 

14.0 ± 0.5 ( 33 ) 

 
Table  ( 3 ) 

Mean ± ( SD ) of haematological parameters in donkeys (N=13) 
Parameter Value 

Packed cell volume ( % ) 37.5 ± 3.6 
Hemoglobin ( g / dL )  12.04 ± 1.48 
Red blood cells count ( x1012 / Liter ) 7.7 ± 1.1 
Mean corpuscular volume ( fL ) 48.1 ± 1.1 
Mean corpuscular hemoglobin ( pg )  15.1 ± 1.2 
Mean corpuscular hemoglobin concentration  
(g/ dL ) 

31.5 ± 1.5 

Erythrocyte sedimentation rate ( mm ) 
15 minute 

30 min 
45 min 
60 min 
75 min 

 
1.6 ± 0.3 

11± 2 
24 ± 2 
35 ± 3 
42 ± 3 

White blood cell count ( x 109 / litre )  14.6 ± 2.3 
Differential white cell count % 
Neutrophils 

Lymphocytes 
Eosinophils 
Monocytes 
Basophils 

 
59 ± 2.1 
31 ± 1.2 
7.3 ± 1.1 
2.1± 0.3 

0.7 ± 0.03 
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of minerals, matebolites and enzymes using commercial kits (Boehringer, 
Germany). 
Statistical analysis 

The data was compared by student “t” test (Winer, 1971) and P‹ 0,05 
was considered statistically significant .  

Results 
Features of Hassawi donkey is described in Table 1. Hind   length , 

circumference and rear length are significantly   (p<0-05)  different between 
male and female . Mean rectal temperature, heart and respiratory are given 
in Table 2. 

The results of haematological values of thirteen healthy donkeys are 
presented in Table 3. Highest differential WBC count was reported for 
neutrophils followed by lymphocytes. Erythrocyte sedimentation rate was 
42 ± 3 mm at 75 minutes.   

Table ( 1 ) 
Physical characteristic values of variable among donkeys  

(n=13) used in the study 

Variable 
Adult male 

(4 years old) 
(n=7) 

Adult female 
(4 years old) 

(n=6) 
 

Head 50 ±2.6 42±2.1 

Head girth 147±2.6 116±3.2 

Height 125±5.5 113±3.5 

Back length 128±2.1 98.6±2.4 

Neck 61±3.2 46.6±3* 

Hind length 138±2.5 121.3±2.4* 

Circumference 178±3.6 141±4.2* 

Rear length 155±4.1 121±4.5* 
     * P  < 0.05 
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 Unfortunately there is paucity of information about the productivity of 
donkeys at both national and international levels, which partly explains the 
slow growth in donkeys numbers . There is need to correct this deficiency 
and promote research in donkeys . 

This study was conducted to determiner base-line data regarding some 
hematological and biochemical variables in the blood of Hassawi donkeys , 
which may help in clinical diagnosis of diseases in this species .     

Materials and Methods 
Animals 

Thirteen adults (4 years of age) Hassawi donkeys of both sexes (7 males 
and 6 females) ware  used in this study. All animals were apparently health . 

Collection of Samples 
Blood was drawn from jugular vein into 2 ml EDTA vacutainer tubes 

for haematological analysis and into 10 ml plain tubes for serum 
biochemical analysis. 

Daily Protocol 
Heart rate, respiratory rate and rectal temperature were measured 

routinely. 
 
Haematological measurements  
     Blood with EDTA was used for determination of packed cell volume by 
Hawksley rnicrohaematocity centrifuge. Hemoglobin concentration by 
cyanomethaemoglobin method. Red and white cell counts by Coulter 
Counter (ZF6, Shimadzu, Kyoto, Japan). Differential  white cell count by 
Haemoscan differential cell counter. 

The blood values were estimated by standard hematological techniques 
(Jain, 1993). Mean corpuscular volume (MCV), mean corpuscular 
hemoglobin (MCH) and mean corpuscular haemoglobin concentration  
(MCHC) were calculated according to formulae of Jain (1993) . 

Biochemical measurements 
Fresh blood was used for measurement of glucose 

spectrophotometrically by Boehringer kit. Serum was used for measurment 
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Some Physical Variables, Biochemical and Haematological 
Parameters in Hassawi Ass 

K.A. AL-Busadah  A.M. Homeida 
College of Veterinary Medicine and Animal Resources, King Faisal University 

AL-Ahsa, Kingdom of Saudi Arabia 

Abstract :   
Physical characteristics, haematologic and serum biochemical values 

were described in thirteen Hassawi donkeys. Physical values were 
significantly different between males and females. Higher values of RBC, 
WBC, creatine kinase, glucose and cholesterol were observed compared to 
other animals. Similar values of minerals and lower values of some enzyme 
activities in Hassawi donkeys compared to other domestic animals were also 
reported. 

Introduction 
The domestic donkey (Equus asinus) is a member of the horse family . 

Although there are advances in farm mechanization and transport, donkeys 
are still valuable animals . In these places it is still used as a source of 
draught power and transport . One of the most famous breeds of donkeys in 
Saudi Arabia is the Hassawi ass , which as the name implies , originated in 
Al-Ahsa area in Eastern Saudi Arabia . Unfortunately this fact has been 
missed by a famous animal breeder (Mason , 1976) who included the 
Hassawi ass in the list of donkeys that originated in Egypt.          

The Hassawi ass originated in Al-Ahssa area and is reputed worldwide 
as superb riding donkey . Unfortunately , the numbers of the Hassawi ass 
are decreasing because its traditional role in agriculture is taken over by 
automobiles . The Hassawi ass may become extinct unless efforts are made 
to preserve it and promote its breeding . 

There have been studies of donkeys blood values , but these were 
derived from small numbers of animals or from specific breeds  (Nayeri 
1978) . Studies on feral donkeys reported higher hemoglobin and leukocyte 
concentration in female than male donkeys (Zinkl et al 1990)     
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c. Stepwise regression analysis: Accepted and removed variables and their 
relative contributions in predicting flax seed yield/fad are presented in Table 
9. The results revealed that number of capsules plant-1 and 1000-seed weight 
were the most variables mainly related with seed yield ha-1. Hence, these 
variables were except as significantly contributing to variation in flax seed 
yield ha-1. The relative contribution of the two accepted variables reached 
91.70 % and 8.30 % due to residual variables. The best prediction equation 
for flax seed yield ha-1 (Ŷ) was formulated as follows: 

Ŷ = - 197.18 + 117.95 X1 + 49.20 X2  
Where:  X1 = No. of capsules plant-1  and  X2 = 1000-seed weight.  

So, it could be summarized that number of branches plant-1, number of 
capsules plant-1, 1000-seed weight and seed yield plant-1 were the most 
closely variables that positively and significantly associated with flax seed 
yield/ha. In addition, number of capsules plant-1 and 1000-seed weight were 
the most effective variables toward seed yield/fad that contributed 40.35 %.  

Table ( 9 ) 
Accept and removed variables and their relative contribution (R2%) in  

seed yield/ha according to stepwise analysis. 

Characters 
Regression 
coefficient 

Standard 
error 

Relative 
contribution 

(R2%) 

A: Accepted variables: 

1- No. of capsules plant 117.95 9.90 36.66 ** 

2- 1000-seed weight 49.20 27.93 3.69 * 

B: Removed variables 

1- Plant height    0.33 

2- No. of branches plant   0.03 

3- No. of seeds capsule   0.60 

4- Seed yield plant   0.12 

                 Y intercept = - 197.18                  Adjusted R2 = 0.9149  
                 R squared   = 0.9170                    Multiple   R = 0.9576 
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b. Multiple linear regression analysis: Data in Table 8 show results of 
multiple linear regression analysis coefficient, standard error and relative 
contribution (R2) for flax seed yield/ha and its components. The obtained 
results revealed that the prediction equation for flax seed yield/ha (Ŷ) was 
formulated as follows:      

Ŷ = 409.60 – 8.63 X1 + 114.63 X2 + 55.52 X3 

Where: X1 = Plant height ,   X2 = No. of capsules plant-1 and  X3 = No. of 
seeds capsule-1. 

 The multiple correlation coefficient for flax seed yield in this equation 
was equal 0.9212. This explains that 92.12 % of the total variations in seed 
yield fad-1 could be linearly related to the previously mentioned 
characteristics and only 7.88 % to other characters. Plant height, number of 
capsules plant-1 and number of seeds capsule-1 were the most effective traits 
affecting flax seed yield ha-1, which recorded significant coefficients of 
determination reached 3.98 %, 39.37 and 5.62 %, respectively. This means 
that the most limiting factors for flax seed yield ha-1 were plant height, 
number of capsules plant-1 and number of seeds capsule-1. 

Table (8) 
Relative contributions of yield attributes in predicting seed yield ha-1 of flax 

by using multiple linear regression analysis. 

Characters 
Regression 
coefficient 

Standard  
error 

Relative 
contribution 

(R2%) 
1- Plant height -8.63 4.83 3.98 * 
2- No. of branches plant 13.47 39.46 0.15 
3- No. of capsules plant 114.63 16.21 39.37 ** 
4- No. of seeds capsule  55.53 28.76 4.62 * 
5- 1000-seed weight 39.89 31.49 - 2.04 
6- Seed yield plant -6.25 7.96 0.80 
                 Y intercept = 409.60                 Adjusted R2 = 0.9150  
                 R squared   = 0.9212                 Multiple R = 0.9598 
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Table (6) 
Seed yield (kg ha-1) as affected by the interaction between cultivars, N and 

PK fertilizer levels during 1996/97 season 

Cv Treatments P0K0 P1K0 P0K1 P1K1 P2K1 P1K2 P2K2 

Giza 8 

70   kg N ha-1 1796.7 1832.8 1881.6 1791.0 1938.0 1797.1 1810.0 

120 kg N ha-1 1910.4 1658.1 2010.9 1814.8 1803.3 1896.1 1979.4 

170 kg N ha-1 2053.2 1919.0 1979.9 1985.4 2014.2 2053.5 2090.4 

 

Blanka 

70   kg N ha-1 1175.5 1082.9 1145.7 1111.2 1134.5 1140.5 1198.6 

120 kg N ha-1 1276.9 1337.6 1381.1 1435.4 1405.4 1428.7 1477.3 

170 kg N ha-1 1434.9 1439.9 1499.2 1330.7 1667.9 1468.0 1541.1 

F. test ** 

LSD  (5 %) 119.0 

P0=0 kg P2O5 ha-1, P1=35 kg P2O5 ha-1, P2=70 kg P2O5 ha-1 , K0= 0kg K2O ha-1, K1=30 kg K2O ha-1, 
K2=60 kg K2O ha-1 

 

Table (7) 
Matrix of simple correlation coefficients of seed yield/fad and yield 

components (Data over seasons and treatments) 

Variables 6 5 4 3 2 1 

Y- Seed yield/ha 0.238* 0.878** -0.135 0.956** 0.866** -0.425 

1- Plant height 0.169 -0.502 0.774** -0.411** -0.256* 1.00 

2- No. of branches plant-1 0.169 0.803** -0.062 0.904** 1.00  

3- No. of capsules plant-1 0.281* 0.892** -0.145 1.00   

4- No. of seeds capsule-1 0.408** -0.271 1.00    

5- 1000-seed weight 0.071 1.00     

6- Seed yield plant-1 1.00      

 Tabulate r  at (5 and 1 %) = 0.217 and 0.283, respectively 
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seed yield plant-1 (0.238). However, a negative and insignificant correlation 
association was found between seed yield plant-1 and number of seeds 
capsule-1 (-0.135) as well as a negative and significant correlation 
association was found between seed yield fad-1 and plant height (-0.425). In 
addition, a significant correlation coefficient was found between plant 
height and number of seeds/capsule (0.775) and between number of 
branches plant-1 and number of capsules plant-1 (0.904) as well as 1000-seed 
weight (0.803). Also, a significant and positively correlation was found 
between number of capsules plant-1 and 1000-seed weight (0.892) as well as 
seed yield plant-1 (0.281). However, a negative and significant correlation 
was found between 1000-seed weight and number of seeds capsules-1  
(-0.271) as well as between plant height and number of branches plant-1  
(-0.256) as well as between plant height and number of capsules plant-1  
(-0.412) as well as plant height and 1000-seed weight (-0.502). Similar 
findings were found by Leilah (1993) and Sharief (1999).    

Table (5) 
Seed yield (kg ha-1) in 1997/98 and straw yields (ton ha-1) in 1996/97 season as 

affected by the interaction between cultivars and nitrogen fertilizer levels. 

Character Seed yield (kg ha-1) Straw yield (ton ha-1) 

N levels (kg ha-1) 70 120 170 70 120 170 

Flax CVs.   

Giza 8 
1835.5 1901.6 2020.4 11.660 12.657 13.035

Blanka 
1141.2 1391.8 1484.6 13.542 13.802 15.660

F. test ** * 

LSD  (5 %) 42.4 0.809 
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11.9%, 8.4 and 6.5%, 12.2 and 15.9%, and 4.2 and 13.8%, respectively, 
compared with the control (without PK fertilization) in the first and second 
seasons, respectively. The increases in seed yield ha-1 due to PK  
fertilization might  be attributed to their  beneficial  effect  on growth and  
development of plant.   

4- Interaction effect: Seed and straw yields fad-1 were significantly affected 
by the interaction between cultivars and nitrogen fertilizer levels as 
presented in Tables 5 and 6. The highest seed yield/ha (2020.4 kg) was 
realized by cultivating flax CVs Giza 8 cultivar and N-fertilization at the 
rate of 170 kg N ha-1. Where as, the lowest seed yield/ha (1141.2) was 
produced by cultivating Blanka CV and lowest dose N fertilization, i.e. 70 
kg N/ha in the first season. In addition, planting Blanka cultivar and 
increasing nitrogen fertilizer levels up to 170 kg N/ha produced the highest 
straw yield (15.660 ton ha-1) in the second season. However, the lowest 
straw yield/ha (11.660 ton/ha) was obtained from planting Giza-8 cultivar 
and lowest nitrogen fertilization level of 70 kg N ha-1. Moreover, increasing 
N level from 120 to 170 kg N ha-1 resulted insignificant increase in straw 
yield of Giza 8, while that was significant with Blanka CV. Regarding the 
interaction between cultivars, nitrogen fertilizer and PK fertilizer 
combinations, the results in Table 6 indicate that seed yield/ha was 
significantly affected by the interaction between flax cultivars, nitrogen 
fertilizer levels and PK fertilization in the first season only. The results 
indicated that highest seed yield/ha-1 was produced from Giza-8 cultivar 
when fertilized with 170 kg N ha-1 and PK fertilizer of 70 kg P2O5 + 60 
kgK2O ha-1. However, the lowest seed yield/ha was produced from Blanka 
cultivar when fertilized with 70 kg N ha and without PK fertilizers addition. 

5. Yield analysis: 

a. Simple correlation coefficients between seed yield ha-1 and yield 
attributes: 
Simple correlation coefficients between seed yield/ha and each of its 
attributing variables are presented in Table 7. Relevant results showed that 
seed yield ha-1 of flax positively correlated with number of branches plant-1 
(0.866), number of capsules plant-1 (0.956), 1000-seed weight (0.878), and 
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1000-seed weight, seed weight plant as well as seed and straw yields ha-1 in 
both seasons. Increasing nitrogen fertilizer from 70 to 120 kg N ha-1 
increased plant height by 2.0 and 3.7%, technical length by 2.3 and 2.9%, 
stem diameter by 4.5 and 3.3%, number of fruit branches/plant by 16.3 and 
11.4%, number of capsules/plant by 9.4 and 11.1%, number of seeds/capsule 
by 4.7 and 7.9%, 1000- seed weight by 8.7 and 6.2%, seed yield/plant by 
10.9 and 16.9%, seed yield /ha by 10.7 and 14.5% and straw yield/ha by 8.1 
and 5.0% in the first and second seasons, respectively. In addition, 
increasing nitrogen fertilizer level from 70 to 170 kg N ha-1 increased plant 
height by 3.5 and 5.0%, technical length by 5.5 and 6.3%, stem diameter by 
7.9 and 7.7%, number of fruit branches/plant by 23.3 and 22.7%, number of 
capsules/plant by 17.1 and 25.6%, number of seeds/capsule by 7.1 and 
11.3%, 1000-seed weight by 13.0 and 12.8%, seed yield/plant by 16.5 and 
28.9%, seed yield/ha by 17.8 and 27.3%, and straw yield/ha by 12.3 and 
13.9% in the first and second seasons, respectively. However, in the first 
season, 170 kg N ha-1 resulted insignificant increase in straw yield, 
compared with 120 kg N ha-1. The increases in seed and straw yields/ha due 
to the increase in nitrogen levels up to 170 kg N ha-1 might be attributed to 
the effect of nitrogen on growth and development of flax plant that 
presented in increases in number of fruit branches and capsules number 
plant-1 (Tables 2 and 3) which resulted in the increases of seed weight plant-1 
and hence seed yield/ha. The increases in straw yield ha-1 due to increases in 
nitrogen fertilizer levels may be attributed to increases in plant height and 
stem diameter (Table 2) causing, thereby, the increase in straw yield/ha. 
These results agree with those reported by Salama (1991), Abo-Zaied (1997) 
and Sharief (1999). 

3. PK fertilizer combinations effect: Results presented in Tables 2,3 and 4 
show that PK fertilizer combinations significantly affected most of studied 
characters except technical length and number of seeds/capsule in the 
second season and straw yield/ha in both seasons. Increasing phosphorus + 
potassium fertilizer levels to 70 kg P2O5 + 60 kgK2O ha-1 maximized plant 
height, stem diameter, number of fruit branches plant-1, number of capsules 
plant-1, 1000-seed weight, seed weight plant-1 and seed yield ha-1, which 
were exceeded by 3.3 and 3.1%, 6.9 and 5.8%, 10.9 and 13.0%, 8.1 and 
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Table  (4) 
Seed and straw yields ha-1 as affected by cultivars, nitrogen fertilizer levels and 

PK fertilizer combinations during 1996/97 and 1997/98 seasons. 
Characters Seed yield (kg ha-1) Straw yield (t ha-1)

Treatments 1996/97 1997/98 1996/97 1997/98 

A: Cultivars  

Giza 8 1919.0 1976.1 12.143 12.450
Blanka 1339.2 1340.4 14.375 14.335
F-test ** ** ** ** 

B: Nitrogen levels 

70   kg N ha-1 1488.2 1455.1 12.414 12.600
120 kg N ha-1 1646.7 1666.0 13.423 13.230
170 kg N ha-1 1752.4 1853.8 13.940 14.349
F. test ** ** ** ** 
LSD  (5 %) 40.2 86.9 0.745 0.566

C: PK combinations: 

1- P0K0 1568.2 1564.4 13.135 13.159
2- P1K0 1584.8 1604.4 13.476 13.661
3- P0K1 1649.8 1656.5 13.021 13.216
4- P1K1 1577.2 1577.7 12.821 13.507
5- P2K1 1662.9 1723.1 13.385 13.299
6- P1K2 1630.8 1702.2 13.309 13.894
7- P2K2 1682.9 1780.0 13.668 13.011
F. test ** ** N.S N.S 

LSD  (5 %) 53.1 96.6 - - 

P0=0 kg P2O5 ha-1, P1=35 kg P2O5 ha-1, P2=70 kg P2O5 ha-1 , K0= 0kg K2O ha-1, K1=30 kg K2O ha, 
K2=60 kg K2O ha-1 

 

2. Nitrogen fertilizer levels effect: Tables 2,3 and 4 include also averages 
of the studied traits as affected by N levels and P + K combinations. 
Increasing nitrogen fertilizer levels from 70 to 120 and 170 kg N ha-1 
significantly increased plant height, technical length, stem diameter, number 
of branches plant-1, number of capsule plant-1, number of seeds capsule-1, 
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Table (3) 
Number of capsules plant-1, seeds capsule-1, 1000-seed weight and weight of 

seeds plant-1 as affected by cultivars, nitrogen  levels and PK 
fertilizer combinations during 1996/97 and 1997/98 seasons. 

Characters 
 
Treatments 

Capsules plant-1 
(No.) 

Seeds capsule-1

(No)
1000 – seed weight 

(g) 
Seed weight 
plant-1 (g) 

1996/97 1997/98 1996/97 1997/98 1996/97 1997/98 1996/97 1997/98 

A: Cultivars 
Giza 8 14.9 15.3 8.2 9.5 7.19 7.11 0.784 0.820 

Blanka 10.6 11.0 9.5 9.3 5.63 5.50 0.538 0.648 

F-test ** ** ** N.S ** ** ** ** 

B: Nitrogen levels 

70   kg N ha-1 11.7 11.7 8.5 8.8 5.98 5.93 0.606 0.636 

120 kg N ha-1 12.8 13.0 8.9 9.5 6.50 6.30 0.672 0.744 

170 kg N ha-1 13.7 14.7 9.1 9.8 6.76 6.69 0.706 0.820 

F. test ** ** ** ** ** ** ** ** 
LSD  (5 %) 0.2 0.4 0.3 0.3 0.18 0.19 0.020 0.044 

C: PK combinations: 

1- P0K0 12.3 12.6 8.7 9.2 6.19 6.14 0.624 0.678 

2- P1K0 12.4 12.8 8.7 9.2 6.15 6.14 0.628 0.700 

3- P0K1 12.8 12.6 8.8 9.4 6.45 6.24 0.644 0.728 

4- P1K1 12.5 13.1 8.7 9.0 6.33 6.30 0.660 0.736 

5- P2K1 12.8 13.2 8.8 9.5 6.55 6.38 0.686 0.740 

6- P1K2 13.0 13.6 8.9 9.6 6.52 6.41 0.680 0.779 

7- P2K2 13.3 14.1 9.1 9.6 6.71 6.54 0.700 0.786 

F. test ** ** ** N.S ** ** ** ** 
LSD  (5 %) 0.3 0.4 0.1 - 0.19 0.09 0.036 0.019 

P0=0 kg P2O5 ha-1, P1=35 kg P2O5 ha-1, P2=70 kg P2O5 ha-1 , K0= 0kg K2O ha-1, K1=30 kg K2O ha, 
K2=60 kg K2O ha-1 
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Table (2)  

Plant height, technical length, stem diameter and number of fruit branches 
plant-1 as affected by cultivars, nitrogen  levels and PK fertilizer 

combinations during 1996/97 and 1997/98 seasons. 
 

 Characters 
 
Treatments 

Plant height 
(cm) 

Technical length 
(cm) 

Stem diameter 
(mm)  

No. of fruit 
branches 

1996/97 1997/98 1996/97 1997/98 1996/97 1997/98 1996/97 1997/98 

A: Cultivars  

Giza 8 117.9 120.7 97.4 96.1 2.81 2.85 5.4 5.3 

Blanka 125.7 126.4 105.8 117.7 2.71 2.80 4.3 4.4 

F-test ** ** ** ** ** ** ** ** 

B: Nitrogen levels 

70   kg N ha-1 119.6 120.1 99.0 103.7 2.65 2.72 4.3 4.4 

120 kg N ha-1 122.0 124.5 101.3 106.8 2.77 2.81 5.0 4.9 

170 kg N ha-1 123.8 126.1 104.4 110.2 2.86 2.93 5.3 5.4 

F. test ** ** ** ** ** ** ** ** 
LSD  (5 %) 1.2 1.3 0.9 2.8 0.06 0.07 0.1 0.1 

C: PK combinations: 

1- P0K0 120.4 122.8 100.5 102.3 2.74 2.76 4.6 4.6 

2- P1K0 121.2 122.0 100.9 103.3 2.66 2.77 4.7 4.7 

3- P0K1 121.6 122.9 102.5 104.1 2.75 2.79 4.9 4.8 

4- P1K1 120.7 123.6 100.5 108.1 2.70 2.81 4.8 4.9 

5- P2K1 121.7 123.4 101.5 108.5 2.74 2.82 4.8 5.0 

6- P1K2 122.7 124.5 101.8 108.2 2.79 2.87 5.0 4.9 

7- P2K2 124.4 125.8 103.5 108.7 2.93 2.92 5.1 5.2 

F. test ** ** ** N.S ** ** ** ** 
LSD  (5 %) 1.1 1.0 0.9 - 0.06 0.04 0.1 0.1 

P0=0 kg P2O5 ha-1, P1=35 kg P2O5 ha-1, P2=70 kg P2O5 ha-1 , K0= 0kg K2O ha-1, K1=30 kg K2O ha, 
K2=60 kg K2O ha-1 
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Snedecor and Cochran (1981) as well as stepwise regression analysis 
according to Draper and Smith (1966). All statistical analysis were 
performed using tha facility of computer and MSTAT-C computer software 
package.    

 

Resules and Disscution 

1. Cultivars performance: Relevant results in Tables 2,3 and 4 show 
that flax cultivars significantly differed in all studied characters in both 
seasons. Giza 8 cultivar surpassed Blanka in most of the studied 
characters except plant height, technical length, number of seeds 
capsule-1 (in the first season), and straw yield/ha in both seasons. Giza 8 
cultivar exceeded Blanka cultivar by 3.7 and 1.8% in stem diameter; by 
25.6 and 20.5% in fruit branches plant-1; by 40.6 and 39.1% in number 
of capsules plant-1; by 27.7 and 29.3% in 1000-seed weight; by 45.7 and 
26.5% in seed yield ha-1 in the first and second seasons, respectively. In 
addition, Blanka exceeded Giza 8 by 6.6 and 4.7% in plant height, by 
8.6 and 22.5% in technical length and by 18.4 and 15.1% in straw yield 
ha-1 in the first and second seasons, respectively. The differences 
between the two Flax cultivars in different characters may be attributed 
to genetical factors. Similar results were reported on other cultivars such 
as Hella et al. (1987), El-Shimy et al. (1993), Leilah (1993), Sharief 
(1993) and (1999). 
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place during the last week of November in both seasons and for both flax 
cultivars. Seeds with seeding rate 140 kg seeds ha-1 were hand drilled in 
rows 15 cm apart. Seeds of flax were obtained from the Fibers Crop 
Research Section, F.C.R.S, A.R.C. Physical and chemical soil analysis are 
presented in Table 1 as described by Page (1982) methods. 

 

Table ( 1 ) 
Physical and chemical soil characteristics at the experimental 

sites. 
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1996/97 41.5 31.0 25.6 Clay 1.9 36.2 11 315.0 2.2 7.8 

1997/98 42.0 30.3 25.5 Clay 2.2 35.8 11.2 328.4 2.1 7.6 

 

At full maturity stage (middle of May), ten plants were taken at random 
from each sub plot to estimate plant height (cm), technical length (cm), stem 
diameter (mm), numbers of fruit branches plant-1, capsules plant-1, seeds 
capsule-1, 1000-seed weight (g) and seed weight plant-1 (g). Seed and straw 
yields/ha-1 were estimated from the central area of one square meter of each 
sub plot. Plants were harvested, tied and left to dry, thereafter they were 
threshed to remove the capsules and weighted to determine straw yield and 
then converted to straw yield in ton/ha-1. Seeds were cleaned from straw and 
other residuals and weighed to the nearest gram and converted to record 
seed yield in ton/ha-1. 

All data were statistically analyzed according to the technique of 
analysis of variance (ANOVA) for the split-split plot design as published by 
Gomez and Gomez (1984). Relationships between seed yield ha-1 and its 
attributes were subjected to various statistical techniques i.e. simple 
correlation coefficients and multiple linear regression analysis according to 
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obtained from Giza 8 cultivar when fertilized with 50 or 60 kg N fad-1 while 
Giza 7 cultivar with application 50 or 60 kg N fad-1 produced the highest 
straw yield fad-1. Similar conclusions were reported by Sharief (1999) on 
other cultivars. The interaction NP had significant effects on seed and straw 
yields fad-1 (Kandil, 1986 and Yadav et al., 1990). 

The objective of this investigation was to study the response of two flax 
cultivars to NPK fertilizer levels on seed and straw yield and its components 
under the environmental conditions of Dakahlia district. 

 

Materials and Methods 
Two field experiments were conducted at the Experimental Station, 

Faculty of Agriculture, Mansoura University, during the two seasons of  
1996/1997 and 1997/1998. The aim of this investigation was to study the 
response of two flax cultivars to nitrogen, phosphorus and potassium 
fertilization under Dakahlia district conditions. Each field experiment was 
laid out in a split –split plot design with four replications. The main plots 
were assigned to two flax cultivars i.e. Giza 8 and Blanka. The sub plots 
were occupied with three nitrogen fertilizer levels i.e. 70, 120 and 170 Kg N 
ha-1. The sub-sub plots were devoted for the following P and K fertilizer 
combinations:  

1. 0 kg P2O5 + 0 kg K2O ha-1   (P0K0). 
2. 35 kg P2O5 + 0 kg K2O ha-1 (P1K0). 
3. 0 kg P2O5 + 30 kg K2O ha-1 (P0K1). 
4. 35kg P2O5+30 kg K2O ha-1  (P1K1). 
5. 70 kg P2O5 +30 kg K2O ha-1 (P2K1). 
6. 35 kg P2O5 +60 kgK2O ha-1 (P1K2). 
7. 70 kg P2O5 +60 kgK2O ha-1 (P2K2). 

The experimental plot size was 3.5 meters long and 3.0 meters width 
occupying an area of 10.5 m2. Phosphorus in the form of ordinary calcium 
superphosphate (15.5% P2O5) and potassium in the form of potassium 
sulphate (48 % K2O were applied as the above seven combinations before 
first irrigation. Nitrogen fertilizer in the form of urea (46 % N) was applied 
in two equal portions (before first watering, 30 days after sowing. and 
before second watering) at the rates previously mentioned. Sowing took 
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In general, it can be stated that the application of 170 kg N + 70 kg P + 60 
kg K ha-1  produced the highest seed yield ha-1 with Giza 8 CV. and the highest 
straw yield ha-1 with Blanka CV. 

Introduction 
Flax (Linum usitatissimum, L.) is the most important dual purpose crop 

for oil and fiber production in Egypt and in the world, as well. Flax plays an 
important role in the national economy due to its importance in exportation 
and many local industrial purposes. High yielding flax cultivars and proper 
fertilizing levels of NPK may produce high seed and straw yields per unit 
area.  

Flax cultivars significantly differed in yield and its attributes (El-Shimy 
et al, 1993; Leilah, 1993; Sharief, 1993; El-Kady et al, 1995 and Abo-Zaid, 
1997). Sharief (1999) reported that Liflora cultivar surpassed other four 
cultivars in plant height, technical length, 1000-seed weight and straw yield. 
However, Corse cultivar exceeded the others in stem diameter, number of 
top apical branches plant-1, number of capsules plant-1, number of seeds 
capsule-1 as well as seed and oil yields fad-1. Meanwhile, Attanta cultivar 
overcame the others in number of basal branches/plant-1. 

Increasing nitrogen fertilizer levels up to 60 kg N fad-1 increased total 
plant height, technical length, stem diameter, number of upper branches, 
straw yield fad-1, number of capsules plant-1, seed index and seed yield fad-1. 
(Leilah, 1993; El-Shimy et al, 1993; Abd-Elsamie and El-Bially,1996 and 
Sharief, 1999). Increasing nitrogen fertilizer level upto 70 kg/fad (El  Hindi 
et al, 1992 and Haniyat, El Nimr et al 1997 ) and/or to 75 kg fad-1 (Ghanem, 
1990 and Salama, 1991. With respect to P fertilization, Kandil (1986) and 
Hella et al. (1987) found that increasing P level from 0 to 30 kg P2O5 / fad-1, 
increased total plant height, technical length, seed yield/plant and fad, straw 
yield/plant and fad, number of capsules plant-1, number of seeds capsule-1 
and seed index. Mean while it was found that Increasing potassium fertilizer 
levels from 0 to 45 kg K2O ha-1 (Pali et al., 1995) maximized seed yield  ha-1 
in sandy loam soil. Hella et at (1987) reported that increasing potassium 
fertilizer levels up to 30 Kg K2O fad-1, had insignificant effect seed yield 
plant-1 and fad, number of capsules plant-1 and seeds number capsule-1. 

Leilah (1993) reported that flax cultivars significantly differed in the 
response to different nitrogen levels. The highest seed yield fad was 
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Response of Two Flax Cultivars to  

N,P and K Fertilizer Levels 
 

Sharief, A.E.; M.H. EL-Hindi; S.A EL- Moursy and A. K. Seadh 

Agron. Dept. Fac. of Agric. Mansoura Univ., Egypt 

 

Abstract 

Two field experiments were carried out at the Experimental Station, 
Faculty of Agriculture, Mansoura University, during the two successive 
winter seasons of 1996/97 and 1997/98 to study the response of two flax 
cultivars (Giza 8 and Blanka) to N (70, 120 and 170 kg N/ha-1), P and K 
fertilizers levels (0 kg PK, 35 kg P, 30 kg K, 35 kg P + 30 kg K, 70 kg P + 30 
kg K, 35 kg P+ 60 kg K and 70 kg P+ 60 kg K ha-1). Giza 8 cv. surpassed 
Blanka in number of fruit branches plant-1, number of capsules plant-1, 1000-
seed weight, weight of seeds plant-1 as well as seed and straw yields ha-1. 
Blanka surpassed Giza 8 in stem diameter in the first season, plant height, 
technical length and straw yield in both seasons.  

Increasing nitrogen fertilizer levels from 70 to 120 and 170 kg N/ha-1 
significantly increased plant height, technical length, stem diameter, number of 
fruit branches/plant-1, number of capsules/plant-1, number of seeds capsule-1, 
1000-seed weight, seed and straw yields/plant and hectare. Nitrogen level of 
170 kg N/ha-1 was the recommended level to increase seed and straw yields/ 
ha-1. The application of 70 kg P+60 kg K ha-1 induced marked increases and 
surpassed other studied PK combinations regarding all studied characters. The 
highest seed yield/ha-1 was produced from Giza 8 when fertilized with 170 kg N 
ha-1 and the highest straw yield/ha-1 was produced from Blanka when fertilized 
with 170 kg N/ha-1. Seed yield/ha-1 (in the first season) was significantly 
affected by the interaction between flax CVs, N and PK fertilizer levels.  

Simple correlation analysis indicated that seed yield ha-1 was positively 
correlated with number of fruit branches plant-1, number of capsules plant-1, 
1000-seed weight and seed yield/plant-1. Multiple linear regression and stepwise 
regression procedures indicated that number of capsules plant-1, number of 
seeds capsule-1 and weight of 1000-seed were the most important characters 
affecting seed yield/ha-1. 
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Conclusion  

This study shows that; land use patterns change over time in response to 
economic, social and, environmental forces. Understanding the nature of 
change in the use of land resources is essential knowledge to facilitate 
proper planning, management, and regulation of the use of land resources. 
The change detection procedure is a most appropriate method in given 
situation to monitor significant impact on land cover/ use changes in Al-
Hassa. However, this depends on the type of the application (environmental 
land use and other targets of interest), and the amount of detail needed. We 
have used (in this study) three change detection methods that were 
employed to observe and analyze land cover/use changes in the Al-Hassa 
oasis with multi-date satellite data. Among the three methods implemented, 
image overlay and image differencing analysis were relatively simple. 
However, PCA required more multi-spectral imaging of a combined multi-
date data sets to highlight differences distinctly attributable to changes in the 
environment and landscape structure. Therefore, the interpretation of the 
results was scene-dependent, and the land development processes that 
occurred between the dates of imaging was fully noticed.  

Since each of the change image procedures used had some merit with 
regard to either ease of production, information content, or interpretability. 
The effective implementation of the more sophisticated procedures requires 
more a priori knowledge of the area and the availability of the scenes to 
study the land cover/land use in any area. 

Remote sensing and GIS are very advanced technologies in obtaining 
information about the feature or process and its interpretation in a very 
effective way. However,  multi-temporal imagery technique is a very 
effective tool for qualitative as well as quantitative assessments of land 
use/land cover, desertification monitoring, crop monitoring, urban 
developments and mineral exploration. In this context, there is a  need to 
develop a methodology based on remote sensing and GIS techniques, which 
will provide regular information concerning salinization threat and land use 
management in Al-Hassa area. 
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Figure 4.. Continued... (Vegetation) 
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Figure 4.. Continued... (Urban area).  
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Figure 4. Blake and White images are PC 1, 2, 3, respectively 
and a color composite is of PCs 4, 3,2.  
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Image differencing 
Image differencing was carried out on a pair of co-registered images of 

the same area taken at different times to assess the degree of change that has 
taken place between the dates of imaging. The difference image is shown in 
figures 4. In figure 3, areas of no change were represented by a mid-gray, 
while areas that were darker in 1998 than they were in 1987 had values 
between 130 and 240. Thus the major change, the construction of the 
residential area and urban development as well as vegetation patterns, can 
be seen in figure 3 as a brighter average area. Areas that were lighter in 
1998 had values between 0 and 120. To assist the interpretation and 
understanding of changes occurring between the dates of imaging, a color 
composite of difference images was also generated (figure 3). 

Principal component analysis (PCA) 
The purpose of PCA is to define the number of dimension that are 

present in a data set and to fix the coefficients specifying the positions of 
that set of axes which point in the direction of the greatest variability in the 
data (Jensen 1996, Mather 1999, Schott, 1997). The standardized PCA 
(depending on a correlation matrix between the bands) was applied to the 
multi-date data set. The relationships between variance and co-variance of 
principal components (PCs) is presented in table 1. From analysis of eigen 
value matrices table 2, it was seen that the first four components contain 
about 80% of the total scene variance. Moreover, eignvector values for 
different scene components are tabulated in table 3. 

PCA (image) 1 was equivalent in effect to a total brightness image, 
while PCA 2 represented changes in brightness occurred in the overall scene 
between dates. PCA 3 and 4 were interpreted as attributable to changes in 
greenness and wetness. The remaining PCAs were accounted for 1.86% of 
the inter-image variability ( table 2). A false color composite image PCs 2, 
3, and 4 was constructed (figure 4). This combination was chosen to 
suppress effects caused primarily by differences in brightness, and to 
enhance the spectral contrasts caused by the lower order components. 
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Figure2. Composite images of the test areas, TM scene of 1987-1998.
Top: WetLand (sabkha), middle: urban area, and lower: vegetation
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green areas (Campbell 1996, Jensen 1996, Richards, 1990, Ingebritsen and 
Lyon 1985, Schott, 1997). 
Data source and application to the area of interest 
Data and test site 

In order to detect the changes with multi-date data sets and to make 
comparative assessments, a three of square images (approximately 536 by 
465 pixels) test sites, located in the Al-Hassa oasis, Saudi Arabia were 
selected (figure 2). The test areas contain a wide range of land use types 
found within growing changes vegetation, urban, and wet areas. The 
Landsat TM imagery recorded on two different dates. Band numbers of the 
multi-date imagery were arranged as 1-6 and 7-12 for the 1987 and 1998 
data sets, respectively.  

Image overlay 
In the simplest change detection procedure, the single band change 

image was prepared by color coding TM band 3 from the 1987 data as red 
and from the 1998 data as green (figure 2). Band 3 of the Landsat TM 
image, which records data in the red portion of the visible spectrum, was 
selected because it provides the best discrimination of rural to urban land 
conversion among the land cover groups in the study area. As can be seen in 
the change image, features that were brighter in TM 3 on the first date 
appear red, features that were brighter on the second date appear green, and 
features of equal brightness on both dates appear in shades yellow. The 
residential areas coded as bright green, can be seen clearly as a major 
change in the sub-scenes. However, the success of this method depends on 
the change end points responses. If the change end points have dissimilar 
responses in the selected spectral band, then a single band change image 
may show many changes. The relationships between image color and land 
cover/use changes as a result of visual comparison of the multi-date image 
with ancillary land cover/use information are clearly overlooked. 
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Method: 
The temporal analysis is a good process to detect the change which 

happened on an area. So to qualify or quantify the changes, there are many 
digital change detection techniques. The most common used are image 
overlay; image differencing; principal component analysis that are 
addressed and tackled in this paper. 

Image overlay: 
The simplest way to produce a change image is to utilize a photographic 

comparison of a single band of data from the two dates. The image is 
prepared by making a photographic two color composite showing the two 
dates in separate color overlay. The colors in the resulting image 
demonstrate the changes in reflectance values between the two dates.  
Features, for example, that are bright on date 1, but dark in date 2 will 
appear in the color of the first photographic overlay. However, features that 
are dark on date 1 and bright on date 2 will appear in the color of the second 
overlay. But features that are unchanged between the two dates will be 
similar brightness in both overlays and so will appear as the color sum of 
the two overlays (Virag and Colwell, 1987). 

Image differencing 
Another procedure is to register simply two images and prepare a 

temporal difference image by subtracting the digital values for one date 
from those of the other. The difference in the areas of no change will be 
very small, and areas of change will reveal larger positive or negative values 
(Lillesand and Kiefer 1987, Mather 1999). 

Principal component analysis (PCA) 
PCA can be used to detect and identify temporal change when registered 

Landsat TM images are merged and treated as a single data set. When this is 
used, new sets of co-ordinate axes are fitted to the image data. The first new 
axis or component will account for maximum variance. Subsequent axes 
(components) will account for smaller portions of the remaining variance. 
Changes to be anticipated are of two types: first, those that would extend 
over a substantial part of the scene, such as changes in atmospheric 
transmission and soil water status; and second, those that were restricted to 
parts of the scene, such as the construction of roads or the destruction of 
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planning for the area. For the amelioration of salt affected soils and their 
effective utilization for successful plant production, it is necessary to 
establish rigorous management and frequent monitoring for these area.  
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Introduction: 
By using the remote sensing and GIS techniques we can detect the 

specific changes in the area. Temporal analysis is a major application of 
remotely sensed data to detect specific changes by the use of multi-date data 
sets to discriminate areas of land cover/use change between dates of 
imaging. Data from the Landsat TM, with its synoptic and regular coverage 
offers the potential for detection and inventory of disturbance and other 
changes that occur in land use, cover type, and cover condition in areas of 
research interest.  

Therefore, in this study, land cover/use changes showing great 
concentration development demand on an environment were analyzed by 
using the multi-date Landsat TM imagery for Alahsa Oasis, Saudi Arabia, 
using different change detection methods, so as to assess their ability to 
detect specific changes. 

Al-Hassa is one of the largest oases of the world and located in the  
southern part of the eastern region of Saudi Arabia. The region of Al-Hassa, 
with its center at the town of Al-Hofuf, is about 70 km towards the interior 
of the country from the Gulf coast near Al-Uqayr at elevations of 130 to 160 
meters above sea level.  It is situated between 25o 05' and 25o 40' northern 
latitude and 49o 55' eastern longitude (figure 1). 

The study area is covered by  large dune area extends between the 
northern part of the region to the northern border of the eastern part of the 
oasis.  There is a plain between the region and the west coast of the Arabian 
Gulf slopes with a very gentle gradient towards the east.  This plain area is 
covered by sand dunes originating in the Al-Jafurah desserts (covers the 
south east of Arabian Peninsula). The landscape of the area, outside of the 
palm trees belt proper is dominated by a mantle of eolian sand estimated to 
reach in places a thickness of over 30 meters, interrupted by sabkhah and 
low measa, the component strata of which have a nearly horizontal position.  
The northern sabakhah serve as catchment basins for highly saline drained 
water accumulated in Winter season. Main cultivated crops in the Al-Hassa 
area are date palm, alfalfa, vegetables, and some fruits. The most serious 
problem in the region is soil salinity that develop as a result of natural soil 
forming processes. The lack of the amount of irrigation water for cultivation 
raise the requirements to have proper management methods and adequate 
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The use of multi-temporal Landsat TM imagery to detect 
land cover/use changes in Al-Hassa, Saudi Arabia  

Yousef Aldakheel and Abdulrahman Al-Hussaini* 
Water Studies Center, King Faisal University, Hofuf, Saudi Arabia;   

* Imam University,  Hofuf, Saudi Arabia 
 

Abstract: 
Remote sensing techniques are used to explore and monitor earth 

resources: soil, sub soil, water, vegetation and minerals. However, within the 
usage of remote sensing techniques can be extended to monitor and record the 
temporal changes that might occur within these resources, due to human 
activities or natural processes.  

In this work vegetation, soil salinization, and urban area of Al-Hassa 
oasis was monitored by analysis of multi-temporal Landsat TM images over 
the period 1987-1998. The scope of work which is temporal classifications of 
the area include image overlay, differencing, and principal component 
analysis.  

This procedure allowed the study of the dynamics of environmental 
changes that could happen to soil and vegetated area over the study area.   
Such changes might happen either naturally or man-made which can 
contribute to or result in dessertification of a particular region.  

Among the three methods implemented, image overlay and image 
differencing analysis were relatively straight forward. However, PCA required 
more multi-spectral imaging of combined multi-date data sets to highlight 
differences distinctly attributable to changes in the environment and landscape 
structure. Therefore, the interpretation of the results was scene-dependent; and 
the land development processes that occurred between the dates of imaging 
were fully noticed. 
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c. Stepwise regression analysis: Accepted and removed variables and their 
relative contributions in predicting flax seed yield/fad are presented in Table 
9. The results revealed that number of capsules plant-1 and 1000-seed weight 
were the most variables mainly related with seed yield ha-1. Hence, these 
variables were except as significantly contributing to variation in flax seed 
yield ha-1. The relative contribution of the two accepted variables reached 
91.70 % and 8.30 % due to residual variables. The best prediction equation 
for flax seed yield ha-1 (Ŷ) was formulated as follows: 

Ŷ = - 197.18 + 117.95 X1 + 49.20 X2  
Where:  X1 = No. of capsules plant-1  and  X2 = 1000-seed weight.  

So, it could be summarized that number of branches plant-1, number of 
capsules plant-1, 1000-seed weight and seed yield plant-1 were the most 
closely variables that positively and significantly associated with flax seed 
yield/ha. In addition, number of capsules plant-1 and 1000-seed weight were 
the most effective variables toward seed yield/fad that contributed 40.35 %.  

Table ( 9 ) 
Accept and removed variables and their relative contribution (R2%) in  

seed yield/ha according to stepwise analysis. 

Characters 
Regression 
coefficient 

Standard 
error 

Relative 
contribution 

(R2%) 

A: Accepted variables: 

1- No. of capsules plant 117.95 9.90 36.66 ** 

2- 1000-seed weight 49.20 27.93 3.69 * 

B: Removed variables 

1- Plant height    0.33 

2- No. of branches plant   0.03 

3- No. of seeds capsule   0.60 

4- Seed yield plant   0.12 

                 Y intercept = - 197.18                  Adjusted R2 = 0.9149  
                 R squared   = 0.9170                    Multiple   R = 0.9576 
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b. Multiple linear regression analysis: Data in Table 8 show results of 
multiple linear regression analysis coefficient, standard error and relative 
contribution (R2) for flax seed yield/ha and its components. The obtained 
results revealed that the prediction equation for flax seed yield/ha (Ŷ) was 
formulated as follows:      

Ŷ = 409.60 – 8.63 X1 + 114.63 X2 + 55.52 X3 

Where: X1 = Plant height ,   X2 = No. of capsules plant-1 and  X3 = No. of 
seeds capsule-1. 

 The multiple correlation coefficient for flax seed yield in this equation 
was equal 0.9212. This explains that 92.12 % of the total variations in seed 
yield fad-1 could be linearly related to the previously mentioned 
characteristics and only 7.88 % to other characters. Plant height, number of 
capsules plant-1 and number of seeds capsule-1 were the most effective traits 
affecting flax seed yield ha-1, which recorded significant coefficients of 
determination reached 3.98 %, 39.37 and 5.62 %, respectively. This means 
that the most limiting factors for flax seed yield ha-1 were plant height, 
number of capsules plant-1 and number of seeds capsule-1. 

Table (8) 
Relative contributions of yield attributes in predicting seed yield ha-1 of flax 

by using multiple linear regression analysis. 

Characters 
Regression 
coefficient 

Standard  
error 

Relative 
contribution 

(R2%) 
1- Plant height -8.63 4.83 3.98 * 
2- No. of branches plant 13.47 39.46 0.15 
3- No. of capsules plant 114.63 16.21 39.37 ** 
4- No. of seeds capsule  55.53 28.76 4.62 * 
5- 1000-seed weight 39.89 31.49 - 2.04 
6- Seed yield plant -6.25 7.96 0.80 
                 Y intercept = 409.60                 Adjusted R2 = 0.9150  
                 R squared   = 0.9212                 Multiple R = 0.9598 
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Table (6) 
Seed yield (kg ha-1) as affected by the interaction between cultivars, N and 

PK fertilizer levels during 1996/97 season 

Cv Treatments P0K0 P1K0 P0K1 P1K1 P2K1 P1K2 P2K2 

Giza 8 

70   kg N ha-1 1796.7 1832.8 1881.6 1791.0 1938.0 1797.1 1810.0 

120 kg N ha-1 1910.4 1658.1 2010.9 1814.8 1803.3 1896.1 1979.4 

170 kg N ha-1 2053.2 1919.0 1979.9 1985.4 2014.2 2053.5 2090.4 

 

Blanka 

70   kg N ha-1 1175.5 1082.9 1145.7 1111.2 1134.5 1140.5 1198.6 

120 kg N ha-1 1276.9 1337.6 1381.1 1435.4 1405.4 1428.7 1477.3 

170 kg N ha-1 1434.9 1439.9 1499.2 1330.7 1667.9 1468.0 1541.1 

F. test ** 

LSD  (5 %) 119.0 

P0=0 kg P2O5 ha-1, P1=35 kg P2O5 ha-1, P2=70 kg P2O5 ha-1 , K0= 0kg K2O ha-1, K1=30 kg K2O ha-1, 
K2=60 kg K2O ha-1 

 

Table (7) 
Matrix of simple correlation coefficients of seed yield/fad and yield 

components (Data over seasons and treatments) 

Variables 6 5 4 3 2 1 

Y- Seed yield/ha 0.238* 0.878** -0.135 0.956** 0.866** -0.425 

1- Plant height 0.169 -0.502 0.774** -0.411** -0.256* 1.00 

2- No. of branches plant-1 0.169 0.803** -0.062 0.904** 1.00  

3- No. of capsules plant-1 0.281* 0.892** -0.145 1.00   

4- No. of seeds capsule-1 0.408** -0.271 1.00    

5- 1000-seed weight 0.071 1.00     

6- Seed yield plant-1 1.00      

 Tabulate r  at (5 and 1 %) = 0.217 and 0.283, respectively 
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seed yield plant-1 (0.238). However, a negative and insignificant correlation 
association was found between seed yield plant-1 and number of seeds 
capsule-1 (-0.135) as well as a negative and significant correlation 
association was found between seed yield fad-1 and plant height (-0.425). In 
addition, a significant correlation coefficient was found between plant 
height and number of seeds/capsule (0.775) and between number of 
branches plant-1 and number of capsules plant-1 (0.904) as well as 1000-seed 
weight (0.803). Also, a significant and positively correlation was found 
between number of capsules plant-1 and 1000-seed weight (0.892) as well as 
seed yield plant-1 (0.281). However, a negative and significant correlation 
was found between 1000-seed weight and number of seeds capsules-1  
(-0.271) as well as between plant height and number of branches plant-1  
(-0.256) as well as between plant height and number of capsules plant-1  
(-0.412) as well as plant height and 1000-seed weight (-0.502). Similar 
findings were found by Leilah (1993) and Sharief (1999).    

Table (5) 
Seed yield (kg ha-1) in 1997/98 and straw yields (ton ha-1) in 1996/97 season as 

affected by the interaction between cultivars and nitrogen fertilizer levels. 

Character Seed yield (kg ha-1) Straw yield (ton ha-1) 

N levels (kg ha-1) 70 120 170 70 120 170 

Flax CVs.   

Giza 8 
1835.5 1901.6 2020.4 11.660 12.657 13.035

Blanka 
1141.2 1391.8 1484.6 13.542 13.802 15.660

F. test ** * 

LSD  (5 %) 42.4 0.809 

 



  
  
  
  

 Response of Two Flax Cultivars to…                                                     Sharief, A.E.; et. al. 

 

  136

11.9%, 8.4 and 6.5%, 12.2 and 15.9%, and 4.2 and 13.8%, respectively, 
compared with the control (without PK fertilization) in the first and second 
seasons, respectively. The increases in seed yield ha-1 due to PK  
fertilization might  be attributed to their  beneficial  effect  on growth and  
development of plant.   

4- Interaction effect: Seed and straw yields fad-1 were significantly affected 
by the interaction between cultivars and nitrogen fertilizer levels as 
presented in Tables 5 and 6. The highest seed yield/ha (2020.4 kg) was 
realized by cultivating flax CVs Giza 8 cultivar and N-fertilization at the 
rate of 170 kg N ha-1. Where as, the lowest seed yield/ha (1141.2) was 
produced by cultivating Blanka CV and lowest dose N fertilization, i.e. 70 
kg N/ha in the first season. In addition, planting Blanka cultivar and 
increasing nitrogen fertilizer levels up to 170 kg N/ha produced the highest 
straw yield (15.660 ton ha-1) in the second season. However, the lowest 
straw yield/ha (11.660 ton/ha) was obtained from planting Giza-8 cultivar 
and lowest nitrogen fertilization level of 70 kg N ha-1. Moreover, increasing 
N level from 120 to 170 kg N ha-1 resulted insignificant increase in straw 
yield of Giza 8, while that was significant with Blanka CV. Regarding the 
interaction between cultivars, nitrogen fertilizer and PK fertilizer 
combinations, the results in Table 6 indicate that seed yield/ha was 
significantly affected by the interaction between flax cultivars, nitrogen 
fertilizer levels and PK fertilization in the first season only. The results 
indicated that highest seed yield/ha-1 was produced from Giza-8 cultivar 
when fertilized with 170 kg N ha-1 and PK fertilizer of 70 kg P2O5 + 60 
kgK2O ha-1. However, the lowest seed yield/ha was produced from Blanka 
cultivar when fertilized with 70 kg N ha and without PK fertilizers addition. 

5. Yield analysis: 

a. Simple correlation coefficients between seed yield ha-1 and yield 
attributes: 
Simple correlation coefficients between seed yield/ha and each of its 
attributing variables are presented in Table 7. Relevant results showed that 
seed yield ha-1 of flax positively correlated with number of branches plant-1 
(0.866), number of capsules plant-1 (0.956), 1000-seed weight (0.878), and 
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1000-seed weight, seed weight plant as well as seed and straw yields ha-1 in 
both seasons. Increasing nitrogen fertilizer from 70 to 120 kg N ha-1 
increased plant height by 2.0 and 3.7%, technical length by 2.3 and 2.9%, 
stem diameter by 4.5 and 3.3%, number of fruit branches/plant by 16.3 and 
11.4%, number of capsules/plant by 9.4 and 11.1%, number of seeds/capsule 
by 4.7 and 7.9%, 1000- seed weight by 8.7 and 6.2%, seed yield/plant by 
10.9 and 16.9%, seed yield /ha by 10.7 and 14.5% and straw yield/ha by 8.1 
and 5.0% in the first and second seasons, respectively. In addition, 
increasing nitrogen fertilizer level from 70 to 170 kg N ha-1 increased plant 
height by 3.5 and 5.0%, technical length by 5.5 and 6.3%, stem diameter by 
7.9 and 7.7%, number of fruit branches/plant by 23.3 and 22.7%, number of 
capsules/plant by 17.1 and 25.6%, number of seeds/capsule by 7.1 and 
11.3%, 1000-seed weight by 13.0 and 12.8%, seed yield/plant by 16.5 and 
28.9%, seed yield/ha by 17.8 and 27.3%, and straw yield/ha by 12.3 and 
13.9% in the first and second seasons, respectively. However, in the first 
season, 170 kg N ha-1 resulted insignificant increase in straw yield, 
compared with 120 kg N ha-1. The increases in seed and straw yields/ha due 
to the increase in nitrogen levels up to 170 kg N ha-1 might be attributed to 
the effect of nitrogen on growth and development of flax plant that 
presented in increases in number of fruit branches and capsules number 
plant-1 (Tables 2 and 3) which resulted in the increases of seed weight plant-1 
and hence seed yield/ha. The increases in straw yield ha-1 due to increases in 
nitrogen fertilizer levels may be attributed to increases in plant height and 
stem diameter (Table 2) causing, thereby, the increase in straw yield/ha. 
These results agree with those reported by Salama (1991), Abo-Zaied (1997) 
and Sharief (1999). 

3. PK fertilizer combinations effect: Results presented in Tables 2,3 and 4 
show that PK fertilizer combinations significantly affected most of studied 
characters except technical length and number of seeds/capsule in the 
second season and straw yield/ha in both seasons. Increasing phosphorus + 
potassium fertilizer levels to 70 kg P2O5 + 60 kgK2O ha-1 maximized plant 
height, stem diameter, number of fruit branches plant-1, number of capsules 
plant-1, 1000-seed weight, seed weight plant-1 and seed yield ha-1, which 
were exceeded by 3.3 and 3.1%, 6.9 and 5.8%, 10.9 and 13.0%, 8.1 and 
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Table  (4) 
Seed and straw yields ha-1 as affected by cultivars, nitrogen fertilizer levels and 

PK fertilizer combinations during 1996/97 and 1997/98 seasons. 
Characters Seed yield (kg ha-1) Straw yield (t ha-1)

Treatments 1996/97 1997/98 1996/97 1997/98 

A: Cultivars  

Giza 8 1919.0 1976.1 12.143 12.450
Blanka 1339.2 1340.4 14.375 14.335
F-test ** ** ** ** 

B: Nitrogen levels 

70   kg N ha-1 1488.2 1455.1 12.414 12.600
120 kg N ha-1 1646.7 1666.0 13.423 13.230
170 kg N ha-1 1752.4 1853.8 13.940 14.349
F. test ** ** ** ** 
LSD  (5 %) 40.2 86.9 0.745 0.566

C: PK combinations: 

1- P0K0 1568.2 1564.4 13.135 13.159
2- P1K0 1584.8 1604.4 13.476 13.661
3- P0K1 1649.8 1656.5 13.021 13.216
4- P1K1 1577.2 1577.7 12.821 13.507
5- P2K1 1662.9 1723.1 13.385 13.299
6- P1K2 1630.8 1702.2 13.309 13.894
7- P2K2 1682.9 1780.0 13.668 13.011
F. test ** ** N.S N.S 

LSD  (5 %) 53.1 96.6 - - 

P0=0 kg P2O5 ha-1, P1=35 kg P2O5 ha-1, P2=70 kg P2O5 ha-1 , K0= 0kg K2O ha-1, K1=30 kg K2O ha, 
K2=60 kg K2O ha-1 

 

2. Nitrogen fertilizer levels effect: Tables 2,3 and 4 include also averages 
of the studied traits as affected by N levels and P + K combinations. 
Increasing nitrogen fertilizer levels from 70 to 120 and 170 kg N ha-1 
significantly increased plant height, technical length, stem diameter, number 
of branches plant-1, number of capsule plant-1, number of seeds capsule-1, 
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Table (3) 
Number of capsules plant-1, seeds capsule-1, 1000-seed weight and weight of 

seeds plant-1 as affected by cultivars, nitrogen  levels and PK 
fertilizer combinations during 1996/97 and 1997/98 seasons. 

Characters 
 
Treatments 

Capsules plant-1 
(No.) 

Seeds capsule-1

(No)
1000 – seed weight 

(g) 
Seed weight 
plant-1 (g) 

1996/97 1997/98 1996/97 1997/98 1996/97 1997/98 1996/97 1997/98 

A: Cultivars 
Giza 8 14.9 15.3 8.2 9.5 7.19 7.11 0.784 0.820 

Blanka 10.6 11.0 9.5 9.3 5.63 5.50 0.538 0.648 

F-test ** ** ** N.S ** ** ** ** 

B: Nitrogen levels 

70   kg N ha-1 11.7 11.7 8.5 8.8 5.98 5.93 0.606 0.636 

120 kg N ha-1 12.8 13.0 8.9 9.5 6.50 6.30 0.672 0.744 

170 kg N ha-1 13.7 14.7 9.1 9.8 6.76 6.69 0.706 0.820 

F. test ** ** ** ** ** ** ** ** 
LSD  (5 %) 0.2 0.4 0.3 0.3 0.18 0.19 0.020 0.044 

C: PK combinations: 

1- P0K0 12.3 12.6 8.7 9.2 6.19 6.14 0.624 0.678 

2- P1K0 12.4 12.8 8.7 9.2 6.15 6.14 0.628 0.700 

3- P0K1 12.8 12.6 8.8 9.4 6.45 6.24 0.644 0.728 

4- P1K1 12.5 13.1 8.7 9.0 6.33 6.30 0.660 0.736 

5- P2K1 12.8 13.2 8.8 9.5 6.55 6.38 0.686 0.740 

6- P1K2 13.0 13.6 8.9 9.6 6.52 6.41 0.680 0.779 

7- P2K2 13.3 14.1 9.1 9.6 6.71 6.54 0.700 0.786 

F. test ** ** ** N.S ** ** ** ** 
LSD  (5 %) 0.3 0.4 0.1 - 0.19 0.09 0.036 0.019 

P0=0 kg P2O5 ha-1, P1=35 kg P2O5 ha-1, P2=70 kg P2O5 ha-1 , K0= 0kg K2O ha-1, K1=30 kg K2O ha, 
K2=60 kg K2O ha-1 



  
  
  
  

 Response of Two Flax Cultivars to…                                                     Sharief, A.E.; et. al. 

 

  132

 
Table (2)  

Plant height, technical length, stem diameter and number of fruit branches 
plant-1 as affected by cultivars, nitrogen  levels and PK fertilizer 

combinations during 1996/97 and 1997/98 seasons. 
 

 Characters 
 
Treatments 

Plant height 
(cm) 

Technical length 
(cm) 

Stem diameter 
(mm)  

No. of fruit 
branches 

1996/97 1997/98 1996/97 1997/98 1996/97 1997/98 1996/97 1997/98 

A: Cultivars  

Giza 8 117.9 120.7 97.4 96.1 2.81 2.85 5.4 5.3 

Blanka 125.7 126.4 105.8 117.7 2.71 2.80 4.3 4.4 

F-test ** ** ** ** ** ** ** ** 

B: Nitrogen levels 

70   kg N ha-1 119.6 120.1 99.0 103.7 2.65 2.72 4.3 4.4 

120 kg N ha-1 122.0 124.5 101.3 106.8 2.77 2.81 5.0 4.9 

170 kg N ha-1 123.8 126.1 104.4 110.2 2.86 2.93 5.3 5.4 

F. test ** ** ** ** ** ** ** ** 
LSD  (5 %) 1.2 1.3 0.9 2.8 0.06 0.07 0.1 0.1 

C: PK combinations: 

1- P0K0 120.4 122.8 100.5 102.3 2.74 2.76 4.6 4.6 

2- P1K0 121.2 122.0 100.9 103.3 2.66 2.77 4.7 4.7 

3- P0K1 121.6 122.9 102.5 104.1 2.75 2.79 4.9 4.8 

4- P1K1 120.7 123.6 100.5 108.1 2.70 2.81 4.8 4.9 

5- P2K1 121.7 123.4 101.5 108.5 2.74 2.82 4.8 5.0 

6- P1K2 122.7 124.5 101.8 108.2 2.79 2.87 5.0 4.9 

7- P2K2 124.4 125.8 103.5 108.7 2.93 2.92 5.1 5.2 

F. test ** ** ** N.S ** ** ** ** 
LSD  (5 %) 1.1 1.0 0.9 - 0.06 0.04 0.1 0.1 

P0=0 kg P2O5 ha-1, P1=35 kg P2O5 ha-1, P2=70 kg P2O5 ha-1 , K0= 0kg K2O ha-1, K1=30 kg K2O ha, 
K2=60 kg K2O ha-1 
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Snedecor and Cochran (1981) as well as stepwise regression analysis 
according to Draper and Smith (1966). All statistical analysis were 
performed using tha facility of computer and MSTAT-C computer software 
package.    

 

Resules and Disscution 

1. Cultivars performance: Relevant results in Tables 2,3 and 4 show 
that flax cultivars significantly differed in all studied characters in both 
seasons. Giza 8 cultivar surpassed Blanka in most of the studied 
characters except plant height, technical length, number of seeds 
capsule-1 (in the first season), and straw yield/ha in both seasons. Giza 8 
cultivar exceeded Blanka cultivar by 3.7 and 1.8% in stem diameter; by 
25.6 and 20.5% in fruit branches plant-1; by 40.6 and 39.1% in number 
of capsules plant-1; by 27.7 and 29.3% in 1000-seed weight; by 45.7 and 
26.5% in seed yield ha-1 in the first and second seasons, respectively. In 
addition, Blanka exceeded Giza 8 by 6.6 and 4.7% in plant height, by 
8.6 and 22.5% in technical length and by 18.4 and 15.1% in straw yield 
ha-1 in the first and second seasons, respectively. The differences 
between the two Flax cultivars in different characters may be attributed 
to genetical factors. Similar results were reported on other cultivars such 
as Hella et al. (1987), El-Shimy et al. (1993), Leilah (1993), Sharief 
(1993) and (1999). 
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place during the last week of November in both seasons and for both flax 
cultivars. Seeds with seeding rate 140 kg seeds ha-1 were hand drilled in 
rows 15 cm apart. Seeds of flax were obtained from the Fibers Crop 
Research Section, F.C.R.S, A.R.C. Physical and chemical soil analysis are 
presented in Table 1 as described by Page (1982) methods. 

 

Table ( 1 ) 
Physical and chemical soil characteristics at the experimental 

sites. 
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1996/97 41.5 31.0 25.6 Clay 1.9 36.2 11 315.0 2.2 7.8 

1997/98 42.0 30.3 25.5 Clay 2.2 35.8 11.2 328.4 2.1 7.6 

 

At full maturity stage (middle of May), ten plants were taken at random 
from each sub plot to estimate plant height (cm), technical length (cm), stem 
diameter (mm), numbers of fruit branches plant-1, capsules plant-1, seeds 
capsule-1, 1000-seed weight (g) and seed weight plant-1 (g). Seed and straw 
yields/ha-1 were estimated from the central area of one square meter of each 
sub plot. Plants were harvested, tied and left to dry, thereafter they were 
threshed to remove the capsules and weighted to determine straw yield and 
then converted to straw yield in ton/ha-1. Seeds were cleaned from straw and 
other residuals and weighed to the nearest gram and converted to record 
seed yield in ton/ha-1. 

All data were statistically analyzed according to the technique of 
analysis of variance (ANOVA) for the split-split plot design as published by 
Gomez and Gomez (1984). Relationships between seed yield ha-1 and its 
attributes were subjected to various statistical techniques i.e. simple 
correlation coefficients and multiple linear regression analysis according to 
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obtained from Giza 8 cultivar when fertilized with 50 or 60 kg N fad-1 while 
Giza 7 cultivar with application 50 or 60 kg N fad-1 produced the highest 
straw yield fad-1. Similar conclusions were reported by Sharief (1999) on 
other cultivars. The interaction NP had significant effects on seed and straw 
yields fad-1 (Kandil, 1986 and Yadav et al., 1990). 

The objective of this investigation was to study the response of two flax 
cultivars to NPK fertilizer levels on seed and straw yield and its components 
under the environmental conditions of Dakahlia district. 

 

Materials and Methods 
Two field experiments were conducted at the Experimental Station, 

Faculty of Agriculture, Mansoura University, during the two seasons of  
1996/1997 and 1997/1998. The aim of this investigation was to study the 
response of two flax cultivars to nitrogen, phosphorus and potassium 
fertilization under Dakahlia district conditions. Each field experiment was 
laid out in a split –split plot design with four replications. The main plots 
were assigned to two flax cultivars i.e. Giza 8 and Blanka. The sub plots 
were occupied with three nitrogen fertilizer levels i.e. 70, 120 and 170 Kg N 
ha-1. The sub-sub plots were devoted for the following P and K fertilizer 
combinations:  

1. 0 kg P2O5 + 0 kg K2O ha-1   (P0K0). 
2. 35 kg P2O5 + 0 kg K2O ha-1 (P1K0). 
3. 0 kg P2O5 + 30 kg K2O ha-1 (P0K1). 
4. 35kg P2O5+30 kg K2O ha-1  (P1K1). 
5. 70 kg P2O5 +30 kg K2O ha-1 (P2K1). 
6. 35 kg P2O5 +60 kgK2O ha-1 (P1K2). 
7. 70 kg P2O5 +60 kgK2O ha-1 (P2K2). 

The experimental plot size was 3.5 meters long and 3.0 meters width 
occupying an area of 10.5 m2. Phosphorus in the form of ordinary calcium 
superphosphate (15.5% P2O5) and potassium in the form of potassium 
sulphate (48 % K2O were applied as the above seven combinations before 
first irrigation. Nitrogen fertilizer in the form of urea (46 % N) was applied 
in two equal portions (before first watering, 30 days after sowing. and 
before second watering) at the rates previously mentioned. Sowing took 
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In general, it can be stated that the application of 170 kg N + 70 kg P + 60 
kg K ha-1  produced the highest seed yield ha-1 with Giza 8 CV. and the highest 
straw yield ha-1 with Blanka CV. 

Introduction 
Flax (Linum usitatissimum, L.) is the most important dual purpose crop 

for oil and fiber production in Egypt and in the world, as well. Flax plays an 
important role in the national economy due to its importance in exportation 
and many local industrial purposes. High yielding flax cultivars and proper 
fertilizing levels of NPK may produce high seed and straw yields per unit 
area.  

Flax cultivars significantly differed in yield and its attributes (El-Shimy 
et al, 1993; Leilah, 1993; Sharief, 1993; El-Kady et al, 1995 and Abo-Zaid, 
1997). Sharief (1999) reported that Liflora cultivar surpassed other four 
cultivars in plant height, technical length, 1000-seed weight and straw yield. 
However, Corse cultivar exceeded the others in stem diameter, number of 
top apical branches plant-1, number of capsules plant-1, number of seeds 
capsule-1 as well as seed and oil yields fad-1. Meanwhile, Attanta cultivar 
overcame the others in number of basal branches/plant-1. 

Increasing nitrogen fertilizer levels up to 60 kg N fad-1 increased total 
plant height, technical length, stem diameter, number of upper branches, 
straw yield fad-1, number of capsules plant-1, seed index and seed yield fad-1. 
(Leilah, 1993; El-Shimy et al, 1993; Abd-Elsamie and El-Bially,1996 and 
Sharief, 1999). Increasing nitrogen fertilizer level upto 70 kg/fad (El  Hindi 
et al, 1992 and Haniyat, El Nimr et al 1997 ) and/or to 75 kg fad-1 (Ghanem, 
1990 and Salama, 1991. With respect to P fertilization, Kandil (1986) and 
Hella et al. (1987) found that increasing P level from 0 to 30 kg P2O5 / fad-1, 
increased total plant height, technical length, seed yield/plant and fad, straw 
yield/plant and fad, number of capsules plant-1, number of seeds capsule-1 
and seed index. Mean while it was found that Increasing potassium fertilizer 
levels from 0 to 45 kg K2O ha-1 (Pali et al., 1995) maximized seed yield  ha-1 
in sandy loam soil. Hella et at (1987) reported that increasing potassium 
fertilizer levels up to 30 Kg K2O fad-1, had insignificant effect seed yield 
plant-1 and fad, number of capsules plant-1 and seeds number capsule-1. 

Leilah (1993) reported that flax cultivars significantly differed in the 
response to different nitrogen levels. The highest seed yield fad was 
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Response of Two Flax Cultivars to  

N,P and K Fertilizer Levels 
 

Sharief, A.E.; M.H. EL-Hindi; S.A EL- Moursy and A. K. Seadh 

Agron. Dept. Fac. of Agric. Mansoura Univ., Egypt 

 

Abstract 

Two field experiments were carried out at the Experimental Station, 
Faculty of Agriculture, Mansoura University, during the two successive 
winter seasons of 1996/97 and 1997/98 to study the response of two flax 
cultivars (Giza 8 and Blanka) to N (70, 120 and 170 kg N/ha-1), P and K 
fertilizers levels (0 kg PK, 35 kg P, 30 kg K, 35 kg P + 30 kg K, 70 kg P + 30 
kg K, 35 kg P+ 60 kg K and 70 kg P+ 60 kg K ha-1). Giza 8 cv. surpassed 
Blanka in number of fruit branches plant-1, number of capsules plant-1, 1000-
seed weight, weight of seeds plant-1 as well as seed and straw yields ha-1. 
Blanka surpassed Giza 8 in stem diameter in the first season, plant height, 
technical length and straw yield in both seasons.  

Increasing nitrogen fertilizer levels from 70 to 120 and 170 kg N/ha-1 
significantly increased plant height, technical length, stem diameter, number of 
fruit branches/plant-1, number of capsules/plant-1, number of seeds capsule-1, 
1000-seed weight, seed and straw yields/plant and hectare. Nitrogen level of 
170 kg N/ha-1 was the recommended level to increase seed and straw yields/ 
ha-1. The application of 70 kg P+60 kg K ha-1 induced marked increases and 
surpassed other studied PK combinations regarding all studied characters. The 
highest seed yield/ha-1 was produced from Giza 8 when fertilized with 170 kg N 
ha-1 and the highest straw yield/ha-1 was produced from Blanka when fertilized 
with 170 kg N/ha-1. Seed yield/ha-1 (in the first season) was significantly 
affected by the interaction between flax CVs, N and PK fertilizer levels.  

Simple correlation analysis indicated that seed yield ha-1 was positively 
correlated with number of fruit branches plant-1, number of capsules plant-1, 
1000-seed weight and seed yield/plant-1. Multiple linear regression and stepwise 
regression procedures indicated that number of capsules plant-1, number of 
seeds capsule-1 and weight of 1000-seed were the most important characters 
affecting seed yield/ha-1. 
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Conclusion  

This study shows that; land use patterns change over time in response to 
economic, social and, environmental forces. Understanding the nature of 
change in the use of land resources is essential knowledge to facilitate 
proper planning, management, and regulation of the use of land resources. 
The change detection procedure is a most appropriate method in given 
situation to monitor significant impact on land cover/ use changes in Al-
Hassa. However, this depends on the type of the application (environmental 
land use and other targets of interest), and the amount of detail needed. We 
have used (in this study) three change detection methods that were 
employed to observe and analyze land cover/use changes in the Al-Hassa 
oasis with multi-date satellite data. Among the three methods implemented, 
image overlay and image differencing analysis were relatively simple. 
However, PCA required more multi-spectral imaging of a combined multi-
date data sets to highlight differences distinctly attributable to changes in the 
environment and landscape structure. Therefore, the interpretation of the 
results was scene-dependent, and the land development processes that 
occurred between the dates of imaging was fully noticed.  

Since each of the change image procedures used had some merit with 
regard to either ease of production, information content, or interpretability. 
The effective implementation of the more sophisticated procedures requires 
more a priori knowledge of the area and the availability of the scenes to 
study the land cover/land use in any area. 

Remote sensing and GIS are very advanced technologies in obtaining 
information about the feature or process and its interpretation in a very 
effective way. However,  multi-temporal imagery technique is a very 
effective tool for qualitative as well as quantitative assessments of land 
use/land cover, desertification monitoring, crop monitoring, urban 
developments and mineral exploration. In this context, there is a  need to 
develop a methodology based on remote sensing and GIS techniques, which 
will provide regular information concerning salinization threat and land use 
management in Al-Hassa area. 
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Figure 4.. Continued... (Vegetation) 
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Figure 4.. Continued... (Urban area).  
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Figure 4. Blake and White images are PC 1, 2, 3, respectively 
and a color composite is of PCs 4, 3,2.  
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Image differencing 
Image differencing was carried out on a pair of co-registered images of 

the same area taken at different times to assess the degree of change that has 
taken place between the dates of imaging. The difference image is shown in 
figures 4. In figure 3, areas of no change were represented by a mid-gray, 
while areas that were darker in 1998 than they were in 1987 had values 
between 130 and 240. Thus the major change, the construction of the 
residential area and urban development as well as vegetation patterns, can 
be seen in figure 3 as a brighter average area. Areas that were lighter in 
1998 had values between 0 and 120. To assist the interpretation and 
understanding of changes occurring between the dates of imaging, a color 
composite of difference images was also generated (figure 3). 

Principal component analysis (PCA) 
The purpose of PCA is to define the number of dimension that are 

present in a data set and to fix the coefficients specifying the positions of 
that set of axes which point in the direction of the greatest variability in the 
data (Jensen 1996, Mather 1999, Schott, 1997). The standardized PCA 
(depending on a correlation matrix between the bands) was applied to the 
multi-date data set. The relationships between variance and co-variance of 
principal components (PCs) is presented in table 1. From analysis of eigen 
value matrices table 2, it was seen that the first four components contain 
about 80% of the total scene variance. Moreover, eignvector values for 
different scene components are tabulated in table 3. 

PCA (image) 1 was equivalent in effect to a total brightness image, 
while PCA 2 represented changes in brightness occurred in the overall scene 
between dates. PCA 3 and 4 were interpreted as attributable to changes in 
greenness and wetness. The remaining PCAs were accounted for 1.86% of 
the inter-image variability ( table 2). A false color composite image PCs 2, 
3, and 4 was constructed (figure 4). This combination was chosen to 
suppress effects caused primarily by differences in brightness, and to 
enhance the spectral contrasts caused by the lower order components. 
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Figure2. Composite images of the test areas, TM scene of 1987-1998.
Top: WetLand (sabkha), middle: urban area, and lower: vegetation
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green areas (Campbell 1996, Jensen 1996, Richards, 1990, Ingebritsen and 
Lyon 1985, Schott, 1997). 
Data source and application to the area of interest 
Data and test site 

In order to detect the changes with multi-date data sets and to make 
comparative assessments, a three of square images (approximately 536 by 
465 pixels) test sites, located in the Al-Hassa oasis, Saudi Arabia were 
selected (figure 2). The test areas contain a wide range of land use types 
found within growing changes vegetation, urban, and wet areas. The 
Landsat TM imagery recorded on two different dates. Band numbers of the 
multi-date imagery were arranged as 1-6 and 7-12 for the 1987 and 1998 
data sets, respectively.  

Image overlay 
In the simplest change detection procedure, the single band change 

image was prepared by color coding TM band 3 from the 1987 data as red 
and from the 1998 data as green (figure 2). Band 3 of the Landsat TM 
image, which records data in the red portion of the visible spectrum, was 
selected because it provides the best discrimination of rural to urban land 
conversion among the land cover groups in the study area. As can be seen in 
the change image, features that were brighter in TM 3 on the first date 
appear red, features that were brighter on the second date appear green, and 
features of equal brightness on both dates appear in shades yellow. The 
residential areas coded as bright green, can be seen clearly as a major 
change in the sub-scenes. However, the success of this method depends on 
the change end points responses. If the change end points have dissimilar 
responses in the selected spectral band, then a single band change image 
may show many changes. The relationships between image color and land 
cover/use changes as a result of visual comparison of the multi-date image 
with ancillary land cover/use information are clearly overlooked. 
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Method: 
The temporal analysis is a good process to detect the change which 

happened on an area. So to qualify or quantify the changes, there are many 
digital change detection techniques. The most common used are image 
overlay; image differencing; principal component analysis that are 
addressed and tackled in this paper. 

Image overlay: 
The simplest way to produce a change image is to utilize a photographic 

comparison of a single band of data from the two dates. The image is 
prepared by making a photographic two color composite showing the two 
dates in separate color overlay. The colors in the resulting image 
demonstrate the changes in reflectance values between the two dates.  
Features, for example, that are bright on date 1, but dark in date 2 will 
appear in the color of the first photographic overlay. However, features that 
are dark on date 1 and bright on date 2 will appear in the color of the second 
overlay. But features that are unchanged between the two dates will be 
similar brightness in both overlays and so will appear as the color sum of 
the two overlays (Virag and Colwell, 1987). 

Image differencing 
Another procedure is to register simply two images and prepare a 

temporal difference image by subtracting the digital values for one date 
from those of the other. The difference in the areas of no change will be 
very small, and areas of change will reveal larger positive or negative values 
(Lillesand and Kiefer 1987, Mather 1999). 

Principal component analysis (PCA) 
PCA can be used to detect and identify temporal change when registered 

Landsat TM images are merged and treated as a single data set. When this is 
used, new sets of co-ordinate axes are fitted to the image data. The first new 
axis or component will account for maximum variance. Subsequent axes 
(components) will account for smaller portions of the remaining variance. 
Changes to be anticipated are of two types: first, those that would extend 
over a substantial part of the scene, such as changes in atmospheric 
transmission and soil water status; and second, those that were restricted to 
parts of the scene, such as the construction of roads or the destruction of 
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planning for the area. For the amelioration of salt affected soils and their 
effective utilization for successful plant production, it is necessary to 
establish rigorous management and frequent monitoring for these area.  
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Introduction: 
By using the remote sensing and GIS techniques we can detect the 

specific changes in the area. Temporal analysis is a major application of 
remotely sensed data to detect specific changes by the use of multi-date data 
sets to discriminate areas of land cover/use change between dates of 
imaging. Data from the Landsat TM, with its synoptic and regular coverage 
offers the potential for detection and inventory of disturbance and other 
changes that occur in land use, cover type, and cover condition in areas of 
research interest.  

Therefore, in this study, land cover/use changes showing great 
concentration development demand on an environment were analyzed by 
using the multi-date Landsat TM imagery for Alahsa Oasis, Saudi Arabia, 
using different change detection methods, so as to assess their ability to 
detect specific changes. 

Al-Hassa is one of the largest oases of the world and located in the  
southern part of the eastern region of Saudi Arabia. The region of Al-Hassa, 
with its center at the town of Al-Hofuf, is about 70 km towards the interior 
of the country from the Gulf coast near Al-Uqayr at elevations of 130 to 160 
meters above sea level.  It is situated between 25o 05' and 25o 40' northern 
latitude and 49o 55' eastern longitude (figure 1). 

The study area is covered by  large dune area extends between the 
northern part of the region to the northern border of the eastern part of the 
oasis.  There is a plain between the region and the west coast of the Arabian 
Gulf slopes with a very gentle gradient towards the east.  This plain area is 
covered by sand dunes originating in the Al-Jafurah desserts (covers the 
south east of Arabian Peninsula). The landscape of the area, outside of the 
palm trees belt proper is dominated by a mantle of eolian sand estimated to 
reach in places a thickness of over 30 meters, interrupted by sabkhah and 
low measa, the component strata of which have a nearly horizontal position.  
The northern sabakhah serve as catchment basins for highly saline drained 
water accumulated in Winter season. Main cultivated crops in the Al-Hassa 
area are date palm, alfalfa, vegetables, and some fruits. The most serious 
problem in the region is soil salinity that develop as a result of natural soil 
forming processes. The lack of the amount of irrigation water for cultivation 
raise the requirements to have proper management methods and adequate 
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* Imam University,  Hofuf, Saudi Arabia 
 

Abstract: 
Remote sensing techniques are used to explore and monitor earth 

resources: soil, sub soil, water, vegetation and minerals. However, within the 
usage of remote sensing techniques can be extended to monitor and record the 
temporal changes that might occur within these resources, due to human 
activities or natural processes.  

In this work vegetation, soil salinization, and urban area of Al-Hassa 
oasis was monitored by analysis of multi-temporal Landsat TM images over 
the period 1987-1998. The scope of work which is temporal classifications of 
the area include image overlay, differencing, and principal component 
analysis.  

This procedure allowed the study of the dynamics of environmental 
changes that could happen to soil and vegetated area over the study area.   
Such changes might happen either naturally or man-made which can 
contribute to or result in dessertification of a particular region.  

Among the three methods implemented, image overlay and image 
differencing analysis were relatively straight forward. However, PCA required 
more multi-spectral imaging of combined multi-date data sets to highlight 
differences distinctly attributable to changes in the environment and landscape 
structure. Therefore, the interpretation of the results was scene-dependent; and 
the land development processes that occurred between the dates of imaging 
were fully noticed. 
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Table (6) 

Averages of root diameter (cm) as well as  root and sugar yields (t ha-1) as 
affected by the interaction between plant populations and nitrogen fertilizer 

levels in 1994 / 95 and 1995 / 96 seasons 

Seasons 1994 / 95 1995 / 96 

No.of plants ha-1 71400 142800 57120 114240 71400 142800 57120 114240

N-Levels Root diameter (cm)

150 kg N ha-1 

200 kg N ha-1 

250 kg N ha-1 

7.7 
8.8 
9.9 

6.7 
7.5 
8.3 

8.2 
9.3 
10.5 

7.3 
8.1 
8.9 

7.9 
9.1 

10.1 

6.8 
7.8 
8.3 

8.4 
9.6 

10.6 

7.5 
8.5 
9.6 

F – test ** ** 
LSD at 5 % 0.2 0.1 
N-Levels Root  yield (t ha-1)

1-ha150 kg N  33.595 41.643 33.500 43.310 35.690 44.405 34.333 46.857 
1-ha200 kg N  35.381 44.619 34.810 45.762 37.381 47.500 35.833 49.500 
1-ha250 kg N  37.429 47.214 35.690 48.214 39.810 50.143 36.643 51.857 

F – test ** ** 
LSD at 5 % 0.595 0.905 

 sugar yield (t ha-1) 
N-Levels 71400 142800 57120 114240 71400 142800 57120 114240

1-ha150 kg N  6.262 7.143 6.571 7.643 6.714 7.643 6.786 8.333 
1-ha200 kg N  6.405 7.476 6.476 7.929 6.810 8.024 6.786 8.619 
1-ha250 kg N  6.524 7.714 6.500 8.143 7.024 8.381 6.690 8.833 

F – test ** ** 
LSD at 5 % 0.095 0.119 

In general, it can be concluded that planting sugar beets on the first 
October in both sides of ridges, 25 cm apart (114240 plants ha-1) and adding 
250 Kg N ha-1 into four splitting equal portions (at 45, 60, 75 and 90 days 
after planting) could be recommended for maximizing sugar beet 
productivity in the newly reclaimed sandy soils, under the environmental 
conditions of Kalabsho region, Belkas district, Dakahlia Governorate. 
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- Interaction effects: The interaction between planting dates and plant 
populations had significant effects on root fresh weight and root yield  ha-1 
in the two seasons. Planting sugar beets on the first of October on one side 
of ridges, 25 cm apart (57120 plants ha-1) recorded the highest root fresh 
weight in the two seasons (Table 5). However, planting beets on first of 
October on both sides of ridge, 25 cm apart (114240 plants ha-1) produced 
the highest root yield during the two seasons (Table 5). The interaction 
between plant populations and nitrogen fertilizer levels had marked effects 
on root diameter as well as root and sugar yields ha-1 in both seasons (Table 
6). Planting sugar beets on one side of ridges, 70 cm width and 25 cm apart 
(57120 plants ha-1) and adding 250 Kg N ha-1 recorded the highest root 
diameter in the two seasons, whereas planting sugar beets on the two sides 
of ridge, 70 cm width and 25 cm apart (114240 plants ha-1) and adding 250 
Kg N ha-1 were associated with the highest root and sugar yields ha-1 in both 
seasons. 

Table (5) 
Averages of root fresh weight (g) plant and root yield (ton ha-1) as affected 
by the interaction between planting dates and plant populations in 1994 / 95 

and 1995 / 96 seasons. 
Season 1994 / 95 1995 / 96 
Planting dates 1st Sept 1st Oct. 1st Nov. 1st Sept 1st Oct. 1st Nov.
Population Root fresh weight (g) plant 

71400  plants/ha 
142800 plants ha-1 
57120   plants ha-1 
114240 plants ha-1 

489.3 
306.1 
594.9 
390.5 

559.9 
361.8 
669.4 
451.9 

457.1 
280.4 
569.4 
372.1 

520.0 
312.8 
603.3 
413.8 

598.3 
377.4 
684.9 
487.1 

475.0 
295.3 
594.0 
387.2 

F – test ** ** 
LSD at 5 % 5.9 10.2 

 Root yield (ton/ha) 
71400  plants ha-1 34.452 39.357 32.619 37.071 42.286 33.524 
142800 plants ha-1 43.190 50.595 39.690 45.762 53.929 42.333 
57120  plants ha-1 33.762 37.881 32.381 34.690 38.714 33.429 
114240 plants ha-1 44.190 50.905 42.214 48.452 55.786 43.976 

F – test ** ** 
LSD at 5 % 0.714 0.906 
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both seasons. Adding 250 Kg N ha-1 was associated with the highest values 
of length, diameter and fresh weight of roots, foliage fresh weight as well as 
root, top and sugar yields ha-1. The highest values of TSS, sucrose and 
purity percentages were obtained with the addition of 150 Kg N ha-1. Purity 
percentage was markedly affected by nitrogen levels in the first season, 
while the difference in the second season did not reach the level of 
significant. The increase in root yield with the increase in nitrogen levels 
might be attributed to the role of nitrogen in enhancing growth, chlorophyll 
formation, photosynthesis process and hence increasing yield and its 
attributing variables. Similar observations were reported by Badawi (1996), 
Salama and Badawi (1996), Mahasen, Fahmi (1999) and Shahr-Zad (1999). 
On the other hand, the increase in nitrogen levels was associated with 
marked reduction in T.S.S., sucrose % and purity %. TSS decreased from 
23.84 to 23.33 and 22.78% with the increase in N levels from 150 to 200 
and 250 Kg N ha-1. The decrease in TSS with the increase of N level might 
be due to the role of nitrogen in increasing moisture content in root tissues. 
Salama and Badawi (1996) and Mahasen, Fahmi (1999) came to similar 
results.   

4. Effect of nitrogen application times: Data presented in Tables (1- 4) 
show the effect of split application of nitrogen on sugar beet yield, yield 
attributes and quality. In both seasons, split application of nitrogen fertilizer 
into four equal portions (at 45, 60, 75 and 90 days after planting) was 
associated with the highest values of length, diameter and fresh weight of 
roots, foliage fresh weight, purity percentage as well as root, top and sugar 
yields ha-1. Adding nitrogen into two, three and four equal portions was 
associated  with root yields of 39.476, 41.393 and 43.048 ton ha-1 and sugar 
yields of 7.131, 7.321and   7.476 ton  ha-1, respectively. On the other hand, 
the split addition of nitrogen fertilizer into two equal portions (at 45 and 60 
days after planting) recorded the highest root / top ratio, T.S.S and sucrose 
percentage. The increase in root and sugar yields with the split application 
of nitrogen might be attributed to the increase in nitrogen use efficiency 
with the split application of nitrogen to four portions, which reduce N loss 
to relatively low limit particularly in the sand soils, besides  the continuous 
supply of plants from nitrogen. Similar result were stated by Mahasen, 
Fahmi (1999) and Shahr-Zad (1999).   
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three studied sowing dates was done in each season according to the method 
stated by Gomez and Gomez (1984). Treatment means were compared using 
the least significant difference (LSD) method. 

Results and Discussion: 
1. Effect of planting dates: Data listed in Tables (1,2,3 and 4) show that 
planting dates had significant effects on all estimated characters in both 
seasons. Sowing sugar beets on 1st Oct. resulted in significant increases in 
length, diameter and fresh weight of roots, foliage fresh weight, root/top 
ratio as well as root, top and sugar yields ha-1. Meanwhile, the highest TSS, 
sucrose and purity percentages were found with planting sugar beets on 1st 
Sept. The increase in root yield with first Oct. planting might be attributed 
to the good weather conditions that promoted phytosynthesis and improved 
growth of sugar beet and hence increase root yield. El-Kassaby and Leilah 
(1992); Leilah and Nasr (1992) and Badawi, et al. (1995) came to similar 
results reporting that October planting markedly increased diameter, length 
and weight of roots, sugar content as well as root and sugar yields, 
compared with the late sowing of November.  

 2. Effect of plant populations: Plant population significantly affected all 
studied characters in both seasons (Tables 1- 4). Plant population of 57120 
plants ha-1 (sowing sugar beet on one side of ridges, 70 cm width and 25 cm 
between plants) produced the highest root diameter, root fresh weight, 
foliage fresh weight, root/top ratio, total soluble solids % and sucrose %. 
The highest root and sugar yields ha-1 were obtained with sowing sugar beet 
on both sides of ridges, 70 cm width and 25 cm between plants (114240 
plants ha-1), while planting 142800 plants ha-1, i.e. sowing sugar beet on 
both sides of ridges, 70 cm width and 20 cm between plants recorded the 
maximum root length and top yield. The increase in root yield with sowing 
sugar beet on both sides of ridges, 25 cm apart (114240 plants ha-1) might be 
due to the high leaf light interception, which contribute positively to higher 
photosynthesis with the relative increase in number of roots ha-1. Sultan et al 
(1996), Mahmoud et al (1999) and Ramadan (1999) came to similar results. 

3. Effect of nitrogen fertilizer levels: Data listed in Tables (1-4) reveal that 
nitrogen fertilizer levels had significant effects on all estimated characters in 
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 114240 plants ha-1 (Planting on both sides of ridges, 70 cm width and 25 
cm apart). 

The sub plots were occupied by the three nitrogen fertilizer levels, i.e. 
150, 200 and 250 Kg N ha-1. Meanwhile, the sub-sub plots were allocated 
with the following three split applications of nitrogen fertilizer: 

 Two equal portions (at 45 and 60 days after planting). 
 Three equal portions (at 45, 60 and 75 days after planting). 
 Four equal portions (at 45, 60, 75 and 90 days after planting). 

Nitrogen was added in the form of ammonium sulphate (20.5 % N) at 
the previously mentioned levels, times and dressings. Each experimental 
unit contained five ridges, 70 cm width and 6.0 m long, occupying an area 
of 21.0 m2. Sugar beet was preceded by sunflower (Helianthus annus L.) in 
both seasons. Sowing of dry sugar beet balls took place in dry soil during 
the aforementioned dates to have four plant populations as previously 
mentioned. Irrigation was applied after sowing immediately. Beet plants 
were thinned to one plant hill-1 at the age of 40 days from planting. All 
normal agricultural practices with the exception of the studied factors were 
carried out as usually done by farmers in the district. Plants were harvested 
when the outside leaves of these plants turned yellow. 

At harvest, ten plants were taken at random from each plot to estimate 
root  length (cm), root diameter (cm),  root fresh weight (g plant-1),  foliage 
fresh weight (g plant-1), root / top ratio, total soluble solids of roots (T.S.S),  
which was determined in fresh root by using hand refractometer. Sucrose 
(%) was estimated polarimetrically on a lead acetate extract of fresh 
macerated roots according to Le - Docte (1927). Juice purity (%) was 
calculated  by dividing  Sucrose (%) / T.S.S (%). Root and top yields (t ha-

1): Sugar beet plants in two ridges of each experimental unit (sub-sub plot) 
were harvested, cleaned and collected, thereafter roots and tops were 
separated and each was weighted in Kg, then after, it was converted to 
estimate root and top yields (ton ha-1). Sugar yield (t ha-1) calculated by 
multiplying root yield by sucrose percentage. 

All data of each sowing date in each season were statistically analyzed 
according the technique of analysis of variance (AOV) of the split-split plot 
in randomized complete bock design. Then, the combined analysis for the 
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root diameter as well as root, top and sugar yields fad, but it resulted in 
marked reduction in TSS, juice purity and sucrose percentage. 

Adding nitrogen in the suitable time has an effective role in maximizing 
the N utilization through minimizing losses of the applied nitrogen (Shahr-
Zad 1999). El-Hennawy et al., (1998) concluded that split addition of 
nitrogen in two equal portions at 4 and 8 leaf stages increased root and 
recoverable sugar yields. Mahasen, Fahmi (1999) found that adding nitrogen 
into two equal portions 1/2 before the first irrigation (BFI) + 1/2 before the 
second irrigation (BSI) resulted in the highest means of fresh weight and 
root, top and sugar yields fad-1. 

The interaction between rate and time of N application had significant 
effects on sucrose percentage and sugar yield (Badawi 1989a; El-Hennawy 
et al. 1998 and Shahr-Zad 1999). The highest root diameter as well as root 
and sugar yields  fad-1 were obtained with the addition of 90 Kg N fad-1 in 
two equal portions (1/2 before the first irrigation+1/2 before the second 
irrigation (Mahasen, Fahmi 1999).  

Materials and Methods 
This investigation was carried out in a newly reclaimed sandy soil at 

Kalabsho region in the northern district of Belkas, Dakahlia Governorate, 
Egypt, during the two successive seasons of 1994/95 and 1995/96. The 
purpose was to study the effect of planting dates, plant populations, nitrogen 
fertilization and their interactions on sugar beet productivity CV. Kawemira. 
This study included three planting dates (first of September, October and 
November). Each planting date was conducted in a separate experiment. A 
split-split plot design with four replicates was used for each planting date. 
The main plots were devoted to the following four plant populations:  

 71400   plants ha-1 (Planting on one side of ridges, 70 cm width and 20 
cm apart). 

 142800 plants ha-1 (Planting on both sides of ridges, 70 cm width and 
20 cm apart). 

 57120  plants ha-1 (Planting on one side of ridges, 70 cm width and 25 
cm apart). 
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Planting date has an active role on growth, yield and quality of sugar 
beet. Under the environmental conditions of Egypt, there is a general 
agreement that early planting of sugar beet (September-October) produced 
the highest sucrose percentage as well as root and sugar yields per unit area 
(Badawi et al., 1995; Ghonema, 1998 and Ramadan and Hassanin, 1999). 
Other studies found that planting sugar beet during October markedly 
increased diameter, length and weight of roots, sugar content as well as root 
and sugar yields, compared with the late sowing of November (El-Kassaby 
and Leilah, 1992a; Leilah and Nasr, 1992 and Badawi et al., 1995).   

The optimum plant population in sugar beet is very necessary to have 
high root yields with good quality. El-Khatib (1991) reported that increasing 
plant density from 35000 to 40000 and 46500 plants fad-1 (fad=0.42 ha) 
resulted in an increase in top, root and sugar yields, respectively. El-
Kassaby and Leilah (1992b) stated that maximum diameter and weight of 
roots were obtained with planting beets on one side of ridges 70 cm width, 
30 cm apart (20000 plants fad-1). The highest yields of roots and sugar (ton 
fad-1) were obtained with planting beets on both sides of ridges 70 cm 
width, 25 cm apart (48000 plants fad-1). Sultan et al.,(1996) studied the 
effect of plant populations (35000, 46500, 52500 and 70000 plants fad-1) on 
sugar beet in north delta region. They stated that the highest yields of roots 
and sugar were obtained with the plant population of 46500 plants fad-1 in 
both seasons. On the other hand, the lowest values of root and sugar yields 
were obtained with the density of 35000 plants fad-1. Ramadan (1999) and 
Mahmoud et al., (1999) found that increasing the distance between hills 
from 15 to 20 cm significantly increased size and weight of individual roots, 
root yield fad-1, gross sugar yield /fad and yield of recoverable sugar  
yield/fad-1.  

Nitrogen is the most important fertilizer element for sugar beet growth 
and yield (Badawi 1989a & b, Emara 1990 and El-Kassaby and Leilah 1992 
b). Increasing nitrogen rate up to 70 Kg N fad-1 (Badawi 1996 and Salama 
and Badawi 1996), 75 Kg N fad-1 (Badawi et al 1995), 80 Kg N fad-1 
(Mahmoud et al. 1990), 105 Kg N fad-1 (Neamet Alla 1997), 90 Kg N fad-1 
(Basha 1999, El-Hawary 1999 and Mahmoud et al 1999, Mahasen, Fahmi 
1999 and Shahr-Zad 1999) and 120 Kg N fad-1 (Sorour et al 1992, El-
Hennawy et al 1998 and Sarhan 1998) significantly increased root length, 
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Effect  of  Planting   Dates,   Plant  Population  and Nitrogen 
Fertilization on Sugar Beet Productivity Under the Newly 

Reclaimed Sandy Soils in Egypt 
 

Leilah, A.A.; M.A. Badawi; E. M. Said;  
M.H. Ghonema and M.A. E. Abdou 

Agronomy Department, Faculty of Agriculture, Mansoura University, Egypt. 

Abstract: 
This investigation was carried out in a newly reclaimed sandy soil to study the 
effect of planting dates, plant populations, nitrogen fertilizer levels and times of 
its application and their interactions on sugar beet productivity. Plant 
population markedly affected all studied characters in the two seasons. The 
highest root and sugar yields ha-1 were obtained with sowing sugar beet on both 
sides of ridges, 70 cm width and 25 cm between plants (114240 plants ha-1). 
Nitrogen levels had significant effects on all estimated characters in both 
seasons. Adding 250 Kg N ha-1 produced the highest values of length, diameter 
and fresh weight of roots, foliage fresh weight as well as root, top and sugar 
yields ha-1. Split application of nitrogen into four equal portions (45, 60, 75 and 
90 days after planting) was associated with the highest values of length, 
diameter and fresh weight of roots, foliage fresh weight, purity percentage as 
well as root, top and sugar yields ha-1. In general, it can be concluded that 
sowing sugar beets on first of October on both sides of ridges, 70 cm width and 
25 cm apart (114240 plants ha-1) and the addition of 250 Kg N ha-1 into four 
equal portions (45, 60, 75 and 90 days after planting) was the best treatment for 
maximizing sugar beet productivity in the newly reclaimed sandy soils under 
the environmental conditions of the present study. 

Introduction 
Sugar beet (Beta vulgaris L.) ranks the second important sugar crop 

after sugar cane, producing annually about 40 % of sugar production all 
over the world. Despite the newness of sugar beet in Egypt, it has a large 
importance where there are wide newly reclaimed sandy soils at the 
northern parts of Egypt, that could be cultivated with sugar beet without 
competition from other winter crops because of its tolerance to salinity and 
the ability to produce high yields of sugar under saline soil and water 
conditions, compared with most of other traditional winter crops.  
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Table (5) 
Mass spectra of products in table 3 

Compd. MS                       m/z 

2 
324 (63.41%), 203 (40.98), 161 (39.54) , 

O,105 (100).6H7C 

3 
392 (zero%) ,220 (100%), 203 (16.81) , 
161 (15.92). 

 
4 

 

364(zero%),203(18),189(21.94),161 
(100%),133(46.95),78(29.10),51(32.37). 

 

5 
467 (zero%), 432 (30.43), 342 (100),250(100), 222 (50), 181 (37.55), 146 
(8.94),91 (91.29), 65 (46.32). 

7a 
(361 ) (100%),314 (8.82), 286 (20.58), 
128 (62.95), 77 (43.89). 

7b 437 (100 %),314(18.44),286(26.30), 128(25.69), 77(30.82). 
 
8a 

294 (100%),247(1.27),220(5.30),190(8.41), 
165(16.65),146(99.44),118(46.46),89(29.29) 

8b 
283(29.61),213(5.60),161(13.15),149(41.94) 
146(91.48),129(22.66),85(28.12),69(100%) 

8c 
328(64.27),182(6.12),165(10.56),146(100%) 
89(44.01). 

8d 
255(100%),241(13.74),226(67.91),146(93.35) 
118(59.54),96(51.21)89(32.03) 

9a 
456(zero%),332(26.78),316(12.99),196(72.17) 
168(100%),139(59.72),69(19.31). 

9b 445 (zero%),427(19.77),316(100%),57(25.11) 

9c 
490 (zero %),473(10.06),316(100%),174(5.80) 
75(1.28). 

9d 
417 (3.7%),296(100%),213(3.64),121(24.86), 
93(5.85),65(6.58). 

10 
587 (1.27%), 586 (2.06), 466 (1.58), 465 (3.21), 390 (3.30), 389 (7.40), 314 
(4.07), 313 (4.11), 238 (6.50), 182 (16.63), 165 (32.63), 77(100%). 

11 
259 (28.07%), 242 (1.88), 241 (1.28), 162 (14.65), 161 (100), 133 (34.22), 
132 (7.49), 99 (18.45) 

 

12a 
323 (zero%), 229 (2.64), 162 (10.84), 161 (100%), 133 (38.71), 106 (9.63), 
85 (13.14), 78 (33.92) 

12b 
474 (1.37%), 473 (8.80), 471 (20.73), 444 (11.29), 353 (18.73), 310(39.70), 
308 (100%), 197(34.58) 125(18.80), 107 (20.23), 93 (80.63). 
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Table (4)  
H NMR spectra of products in table 1IR and  

Compd. IR              cm-1 ppm  NMR     H1 

9c 
3356 (NH), 1708-1732 
(lactone C=O) , 1692 cm-1( C = 
O ) 

H in ketonic form), 5.80 -35.62 (s,1H,C
(s,1H,-CH), 7.30-8.55 (m,13H,ArH+NH 

O exchange.2disappeared after D 

9d 

5.02 (s,1H,C3-H in ketonic 
form), 5.33 (s,1H,-CH), 6.98-
7.50 (m,12H, ArH) and 10.59 
ppm (s,2H, disappeared after 
D2O exchange, NH+ enolic 
OH). 

3356 (NH), 1708-1732 (lactone C=O) and 
. ( C = O)1 -1692 cm 

10 

1.30(d,1H,CH),1.47(s,1H,NH), 
4.03(s,1H,CH), 5.60(s,1H,CH) 
and 6.76 – 8.00 ppm (m,28H ,    
ArH ).   

   3404 cm-1 (NH).
 

11 

6.43 (d,1H, = CHCO-) , 
6.63(d,1H, COCH=), 7.35-7.41 
(m,4H,ArH) and 10.33 ppm 
(s,2H,NH+COOH).

3281-2904 (broad NH and OH), 1732 
(lactone  1-(carboxylic C= O) and 1710 cm

C = O) 

12a 

4.06 (d, 1H, C-1`), 4.96 (d,1H, 
C-2`), 5.9 (d, 1H, = CHCO and 
7.37-8.6 ppm (m,13H, 
ArH+3NH+ 2NH2+COOH). 

3418, 3340-3078, 3052 (broad NH2, NH, 
OH), 1723-1710 (carboxylic C=O) and 
1688-1663 cm-1 (C=O). 

 

12b 

4.06 (d, 1H, C-1`), 4.96 (d,1H, 
C-2`), 5.9 (d, 1H, = CHCO 
6.57-7.48 (m, 15H, 14 ArH+ 
COCH =), 8.00 (d,2H, disap- 
peared after D2O exchange , 
NH+ phenolic OH), 9.12 (s, 
1H, disappeared after D2O 
exchange, NH), 9.66 (d, 3H, 
disappeared after D2Oexcha-   
nge, 3NH) and 10.22 ppm 
(s,1H, COOH).

3426, 3347-3073, 3049 (broad NH2, NH, 
OH), 1723-1710 (carboxylic C=O) and 
1688-1663 cm-1 (C=O). 
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Table (4) 
spectra of products in table H NMR 1IR and  

Compd. IR              cm-1 ppm  NMR     H1 

 
 
2 

3273 (NH), 1709 (lactone C = 
O), 1672 (amide C = O) and 
1486 cm-1 (C = S). 

6.81-7.99 (m,9H, ArH), 9.6 (s,1H,CH-4), 
O 211.85 (s,1H, disappeared after D

exchange, NH), and 13.47 ppm (s,1H, 
O exchange, NH).2disappeared after D 

 
 
3 

3413-3344 (enolic OH), 1723 
(lactone C = O), and 1646 cm-1 
(C = O). 

7.7 (m,9H, ArH), -), 6.8722H,CH,4.1 (s
4), 11.88 and 12.31 ppm -1H, CH ,10.3(s

O exchange, 2 21H, disappeared after D ,(s
enolic OH). 

 
 
4 

3336 (enolic OH), 1710 
(lactone C = O) and 1679 cm-1 

(amide  
C= O). 

7.30-8.41 (m,9H, ArH), 9.72 (s, 1H, CH-
4) and 10.23 ppm (s, 1H, disappeared 

O exchange, enolic OH)2after D 

 
5 

1708 cm-1    (lactone  
C= O) 

4) and -H), 7.01 (s, 1H, C24.45 (s,6H, 3CH
7.31-7.33 ppm (m, 19 H, ArH). 

  
7a 

3341 (NH) and 1699 cm-1 
(lactone C = O) 

)32.66 ppm (s, 3H,SCH 
, 7.54-8.02 (m,10H, ArH+ pyrimidine 
protone), 8.87 (s, 1H, NH) and 9.56 ppm 
(s, 1H, CH-4) 

7b 

3341 (NH) and 1699 cm-1 
(lactone C = O) 

Ph)24.57ppm(s,2H,SCH 
, 7.32-8.03 (m,10H, 
ArH+pyrimidineprotone), 8.77 (s, 1H, 
NH) and 9.59ppm (s, 1H, CH-4) 

 
8a 

1711 (lactone C=O) and at 
1620 cm-1 (C=N). 

7.38-8.92 (m, 9H, ArH+ olefinic H) and 
9.15 ppm (s, 1H, CH-4). 

8b 
1711 (lactone C=O) and at 
1620 cm-1 (C=N). 

7.35-7.90 (m, 9H,ArH+ olefinic H) and 
8.95 ppm (s, 1H, CH-4). 

8c 
1711 (lactone C=O) and at 
1620 cm-1 (C=N). 

7.25-7.86 (m,9H, ArH+ olefinic H) and 
8.9 ppm (s, 1H, CH-4). 

8d 
1711 (lactone C=O) and at 
1620 cm-1 (C=N). 

7.44-7.90 (m, 8H,ArH+ olefinic H) 
and8.94ppm (s, 1H, CH-4) 

9a 
3356 (NH), 1708-1732 
(lactone C=O) and 1692 cm-1 

(C = O) 

H in ketonic form), 5.33 -35.03 (s,1H,C
(s,1H,-CH), 6.84-7.60 (m,13H, ArH+ NH, 

O exchange.2disappeared after D 

9b 
3356 (NH), 1708-1732 
(lactone C=O) and 1692 cm-1 

(C = O)  

H in ketonic form), 5.82 -3H,C5.63 (s,1
(s,1H,-CH), 7.32-8.52 (m,13H, ArH+NH, 

O exchange.2disappeared after D 
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Table (3) 
Characterization data of the synthesized compounds 

Compd. 
M.P. 
(oC) 

Yield (%) Formula Analysis Calcd./ Found 

Colour (M.W.) C H N S 

2 226 60 
Yellow 

C17H12N2O3S 
(324.35) 

62.95 
62.88 

3.72 
3.80 

8.63 
8.71 

9.88 
9.78 

3 242 60 
Yellow 

C20H12N2O5S 
(392.38) 

61.22 
61.01 

3.08 
3.14 

7.13 
7.22 

8.17 
8.04 

4 150 40 
Yellow 

C19H12N2O4S 
(364.37) 

62.63 
62.70 

3.31 
3.39 

7.68 
7.57 

8.79 
8.68 

5 138 60 
White 

C30H26ClNO2 
(467.99) 

76.99 
76.95 

2.60 
2.51 

2.99 
2.96 

- 
- 

7a 284 71 
White 

C20H15N3O2S 
(361.41) 

66.46 
66.48 

4.18 
4.21 

11.62 
11.66 

8.87 
8.84 

7b 276 60 
White 

C26H19N3O2S 
(437.51) 

71.37 
71.30 

4.37 
4.39 

9.60 
9.58 

7.32 
7.39 

8a 223 60 
Yellow 

C16H10N2O4 
(294.27) 

65.31 
65.23 

3.43 
3.40 

9.52 
9.48 

- 
- 

8b 174 54 
Yellow 

C16H10ClNO2 
(283.72) 

67.74 
67.70 

3.55 
3.57 

4.94 
4.90 

- 
- 

8c 170 57 
Yellow 

C16H10BrNO2 

(328.17) 
58.56 
58.58 

3.07 
3.12 

4.27 
4.20 

- 
- 

8d 144 50 
Yellow 

C14H9NO2S 
(255.30) 

65.87 
65.71 

3.55 
3.60 

5.49 
5.40 

12.56 
12.59 

9a >300 38 
Yellow 

C25H14N2O7 
(454.14) 

66.06 
66.00 

3.10 
3.15 

6.16 
6.13 

- 
- 

9b >300 35 
Yellow 

C25H16ClNO5 
(445.85) 

67.34 
67.29 

3.61 
3.70 

3.14 
2.95 

- 
- 

9c >300 39 
Yellow 

C25H16BrNO5 
(490.31) 

61.24 
61.28 

3.28 
3.23 

2.85 
2.80 

- 
- 

9d 250 33 
Pale 

Yellow 

C23H15NO5S 
(417.43) 

66.17 
66.21 

3.62 
3.70 

3.35 
3.36 

7.68 
7.62 

10 130 40 
Yellow 

C40H32N2O3 
(588.70) 

81.60 
81.58 

5.47 
5.44 

4.75 
4.80 

- 
- 

11 192 55 
Yellow 

C13H9NO5 
(259.21) 

60.23 
60.18 

3.49 
3.40 

5.40 
5.35 

- 
- 

12a 172 40 
White 

C13H17N5O5 
(323.30) 

48.29 
48.18 

5.30 
5.28 

21.66 
21.52 

- 
- 

12b 160 38 
Yellow 

C25H25N5O5 
(475.50) 

63.14 
63.10 

5.29 
5.22 

14.72 
14.68 

- 
- 
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Table  ( 2 ) 
Antifungal activity of the synthesized compounds 

Compd. 
Organism* 

A B C 

2 16 18 22 

3 12 18 22 

4 14 12 14 

5 13 12 10 

7a 14 18 20 

7b 14 15 18 

8a 10 18 20 

8b 10 16 18 

8c 12 22 20 

8d 10 12 22 

9a 11 16 18 

9b 15 18 18 

9c 10 12 18 

9d 15 18 12 

10 12 15 10 

11 15 17 16 

12a 13 18 16 

12b 13 18 8 

Mycostatin 12 20 26 
*Organism   1-Staphylococcus aureus, 2-Bacillus Subtilis,3-Bacillus  cereus,4- 

Pseudomonas aurignosa, 5-Echerichia coli and 6- Enterobacter 
aerogenes. 

* Organism :  A ) Aspergillus niger, B) Penicillium italicum and  
                    c ) Fusarium Oxysporum. 
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Table ( 1 ) 

Antibacterial activity of the synthesized compounds 

Compd. 
Organism* 

1 2 3 4 5 6 

2 24 12 14 11 14 16 

3 26 10 18 12 25 14 

4 22 16 20 10 20 14 

5 10 9 9 11 - 16 

7a 28 16 13 19 13 13 

7b 20 15 22 14 18 12 

8a 26 10 18 12 10 10 

8b 25 11 18 7 14 11 

8c 22 11 12 6 12 13 

8d 28 12 19 10 13 14 

9a 22 12 13 10 20 12 

9b 20 15 13 11 7 12 

9c 28 14 22 23 19 17 

9d 26 1 15 10 11 12 

10 27 17 15 10 13 10 

11 22 10 14 10 11 12 

12a 25 10 13 10 12 15 

12b 22 13 13 11 9 12 

Amoxicillin 29 12 20 11 36 10 

 



 

 
 
 
 
 

Scientific Journal of King Faisal University (Basic and Applied Sciences)                     Vol. 6  No. 1  1426 (2005)  
                       

 

  85

Biological Activity 
All the prepared compounds were screened for their antimicrobial 

activity against the Gram-positive bacteria : (1-Staphylococcus aureus, 2- 
Bacillus Subtilis, 3-Bacillus cereus), Gram-negative bacteria (4-
Pseudomonas aurignosa, 5-Echerichia coli,6-Enterobacter aerogenes), as 
well as fungi : a) Aspergillus niger, b) Penicillium italicum, c) Fusarium 
oxysporum. Standard antibiotic drug Amoxicillin for bacteria and 
Mycostatin for fungi were used at a concentration of 1000 ppm for 
comparisons. The biological activity of these compounds have been 
evaluated by filter paper disc method [16] after dissolved in N,N-
dimethylformamide to abtain a 1mg/ml solution (1000 ppm). The inhibition 
zones of microbial growth surrounding the filter paper disc (5 mm) were 
measured in millimeters at the end of an incubation period of 3 days at 37oC 
for Echerichia coli and at 28oC for other bacteria and fungi, N,N-
dimethylformamide alone showed no inhibation zone. The results are 
illustrated in Tables 1 and 2. 
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(KBr) of (11) displayed absorption bands at 3281-2904 (broad NH and OH), 
1732 (carboxylic C= O) and 1710 cm-1 (lactone C = O) and its mass 
spectrum showed a molecular ion peak (M+) at m/z 259 (28.07%), 242 
(1.88), 241 (1.28), 162 (14.65), 161 (100), 133 (34.22), 132 (7.49), 99 
(18.45). 

Treatment of compound (11) with hydrazine hydrate and phenyl 
hydrazine in ethanol at room temperature gave 3-{N-[1-aminocarbamoyl)-2-
(2-hydroxyphenyl) ethyl] carbamoyl} prop-2-enoic acid (12a) and 3-(N-{2-
(2`-hydroxyphenyl)-1-[N-(phenylamino) carbamoyl] -2-(2`-phenylhydra- 
zino) ethyl } carbamoyl) prop-2-enoic acid (12b), respectively (scheme 2). 
The 1H-NMR (DMSO-d6) of  (12a) showed signals at  4.06 (d, 1H, C-1`), 
4.96 (d,1H, C-2`), 5.9 (d, 1H, = CHCO and 7.37-8.6 ppm (m,13H, 
ArH+3NH+ 2NH2+COOH). Also, compound (12b) showed in its 1H-NMR 
(DMSO-d6) the same signals, but for aromatic protones appear at 6.57-7.48 
(m, 15H, 14 ArH+ COCH =), 8.00 (d,2H, disappeared after D2O exchange , 
NH+ phenolic OH), 9.12 (s, 1H, disappeared after D2O exchange, NH), 
9.66 (d, 3H, disappeared after D2O exchange, 3NH) and 10.22 ppm (s,1H, 
COOH).  

The infrared spectrum (KBr) of compounds (12a,b) revealed absorption 
bands at 3426, 3347-3073, 3049 (broad NH2, NH, OH), 1723-1710 
(carboxylic C=O) and 1688-1663 cm-1 (C=O). Mass spectrum of compound 
(12a) showed a molecular ion peak (M+) at m/z 323 (zero%), 229 (2.64), 
162 (10.84), 161 (100%), 133 (38.71), 106 (9.63), 85 (13.14), 78 (33.92), 
mass spectrum of (12b) showed a molecular ion peak (M+) at m/z 474 
(1.37%), 473 (8.80), 471 (20.73), 444 (11.29), 353 (18.73), 310 (39.70), 308 
(100%), 197 (34.58), 125 (18.80), 107 (20.23), 93 (80.63).  
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4-Hydroxycoumarin and Schiff-bases (8a-d) condense in pyridine to 
afford 3-{(p-substituted aryl)[coumarin-3`-yl amino] methyl}-4-hydr-
oxycoumarin derivatives (9a-d) (scheme 2). The 1H-NMR spectrum 
(DMSO-d6) of compound (9d), as an example ,  showed signals at  5.02 
(s,1H,C3-H in ketonic form), 5.33 (s,1H,-CH), 6.98-7.50 (m,12H, ArH) and 
10.59 ppm (s,2H, disappeared after D2O exchange, NH+ enolic OH). The 
IR spectrum (KBr) of (9a-d) showed characteristic bands at 3356 (NH), 
1708-1732 (lactone C=O) and 1692 cm-1 ( C = O ) . 

The mass spectrum of compounds (9a-c) exhibited absence of the 
molecular ion peaks (M+) m/z at 456 (zero %), 445 (zero %) and 490 (zero 
%), respectively, whereas (9d) showed molecular ion peak (M+) m/z at 417 
(3.7%). Also, compounds (9a-c) showed peaks at m/z 316 (12.99% for )9a), 
(100% for 9b) and (100% for 9c) due to lake  -OH  in addition to nitro-, 
chloro-, bromophenyl, respectively. 

Reaction of (8a) with phenylmagnesium bromide gave [(p-nitrophenyl) 
phenylmethyl](2,2,4-triphenylchroman-3-yl) amine (10) (scheme 2).  Four 
moles of phenylmagnesium bromide are incorporated in the reaction with 
the formation of intermediate which easily undergo cyclodehydration to 
give (10). The 1H-NMR spectrum (DMSO-d6) of (10) showed signals at  
1.30(d,1H,CH), 1.47(s,1H,NH ), 4.03(s,1H,CH), 5.60(s,1H,CH) and 6.76 – 
8.00 ppm (m,28H,ArH ) . 

The infrared spectrum (KBr) of (10) revealed no absorption in the 
carbonyl of the -lactone region, furthermore, it displayed absorption band 
at 3404 cm-1 (NH). Mass spectrum of (10) showed a molecular ion peak 
(M+) at m/z 587 (1.27%), 586 (2.06), 466 (1.58), 465 (3.21), 390 (3.30), 389 
(7.40), 314 (4.07), 313 (4.11), 238 (6.50), 182 (16.63), 165 (32.63), 77 
(100%). 

On the other hand, the reaction of each compounds (8a-d) with maleic 
anhydride in refluxing p-xylene afforded the same product which 
formulated as 3-[N-(coumarin-3`-yl)carbamoyl]prop-2-enoic acid (11) 
(scheme 2). The 1H-NMR spectrum (DMSO-d6) of compound (11) showed 
signals at   6.43 (d,1H, = CHCO-), 6.63(d,1H, COCH=), 7.35-7.41 
(m,4H,ArH) and 10.33 ppm (s,2H,NH+COOH). The infrared spectrum 
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Also, treatment of compound (1) with 2-methylthio (or 2-benzylthio)-4-
chloro-6-phenyl pyrimidine (6a,b)[15] gave 3-[(2-alkylthio-6-
phenylpyrimidin-4`-yl)amino]-2H-benzopyran-2-one derivatives (7a,b) 
(scheme 1). The 1H-NMR spectrum (DMSO-d6) of compounds (7a,b) 
exhibited signals at  7.54-8.02 (m,10H, ArH+ pyrimidine protone), 8.87 (s, 
1H, NH) and 9.56 ppm (s, 1H, CH-4), furthermore, compound (7a) showed 
signal at 2.66 ppm (s, 3H,-SCH3) and (7b) showed signal at 4.57 (s,2H,-
SCH2Ph). The IR spectrum (kBr) of compounds (7a,b) displayed absorption 
bands at 3341 (NH) and 1699 cm-1 (lactone C = O). The mass spectrum of 
(7a,b) showed molecular ion peak (M+) at m/z at (361 ) (100%) and 437 
(100 %), respectively. Other peaks displayed due to lack of alkylthiol and 
fragments like to the coumarin nucleus : 314 (8.82-18.44%), 286 (20.58-
26.30), 128 (62.95-25.69) and at 77 (43.89-30.82). 

Condensation of (1) with aromatic aldehydes (Namely, p-
nitrobenzaldehyde, p-chlorobenzaldehyde, p-bromobenzaldehyde and 2-
thiophene carboxaldehyde) in absolute ethanol, containing a catalytic 
amount of piperidine led to the formation of the Shiff-base derivatives (8a-
d) (scheme 1). The 1H-NMR spectrum (DMSO-d6) of compound (8a) , as an 
example , showed signals at 7.38-8.92 (m, 9H, ArH+ olefinic H) and 
9.15ppm (s, 1H, CH-4). The IR spectrum (KBr) of (8a-d) showed bands at 
1711 (lactone C=O) and at 1620 cm-1 (C=N). The mass spectrum of 
compounds (8a-d) exhibited a molecular ion peak (M+) at m/z 294 (100%) 
(8a), 283 (29.61%) (8b), 328 (64.27%) (8c) and at 255 (100%) (8d) in 
addition to the same fragments like to nucleus of coumarin. 
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bands at 3273 (NH), 1709 (lactone C = O), 1672 (amide C = O) and 
1486 cm-1 (C = S). Also, the mass spectrum of (2) showed a molecular ion 
peak (M+) at  m/z  324 (63.41%) ,  3-coumarinyl isothiocyanate   203 
(40.98), 3-aminocoumarin 161 (39.54) and unknown C7H6O,105 (100). 

Compound (2) was cyclised by treatment with diethyl malonate in 
presence of sodium ethoxide to give 3-benzoyl-1-(3`-coumarinyl)-2-thioxo-
1,3,5-trihydropyrimidin-4.6-dione (3) ( scheme 1). The 1H-NMR spectrum 
(DMSO-d6) of compound (3) showed signals at  4.1 (s,2H,CH2), 6.87-7.7 
(m,9H, ArH), 10.3(s, 1H, CH-4), 11.88 and 12.31 ppm (s, 1H, disappeared 
after D2O exchange, 2 enolic OH). The infrared spectrum (KBr) of (3) 
displayed absorption bands at 3413-3344 (enolic OH), 1723 (lactone C = 
O), and 1646 cm-1 (C = O). Mass spectrum of (3) showed the less stability 
of the molecular ion peak (M+) at m/z 392 (zero%) and exhibited 3-
coumarinyl thiourea 220 (100%), 3-coumarinyl isothiocyanate 203 (16.81) 
and 3-aminocoumarin 161 (15.92). 

Also, cyclisation of (2) with monochloroacetic acid in the presence of 
acetic acid and fused sodium acetate gave 2-(N-benzoylimino) -1-N-
(coumarin-3`-yl)-1,3-thiazolidin-4-one (4) (scheme 1). The 1H-NMR 
spectrum (DMSO-d6) of (4) showed signals at  7.30-8.41 (m,9H, ArH), 
9.72 (s, 1H, CH-4) and 10.23 ppm (s, 1H, disappeared after D2O exchange, 
enolic OH) and its infrared spectrum (KBr) showed bands at 3336 (enolic 
OH), 1710 (lactone C = O) and 1679 cm-1 (amide C = O). The mass 
spectrum  of  compound (4)  exhibited  absence  of  the molecular ion peak 
(M+) at 364 (zero %), and appeared 3-coumarinyl isothiocyanate 203 (18%) 
and the same fragments like to nucleus of coumarin. 

Alkylation of 3-aminocoumarin (1) using excess of benzyl chloride 
afforded N,N,N-tribenzyl-N-(coumarin-3-yl) ammonium chloride (5) 
(scheme 1).  The 1H-NMR  of  compound  (5)  showed  signals  at    4.45 
(s,6H, 3CH2), 7.01 (s, 1H, CH-4) and 7.31-7.33 ppm (m, 19 H, ArH). The 
IR spectrum (KBr) of compound (5) revealed no absorption in the NH2 
region, furthermore , it displayed absorption band at 1708 cm-1 (lactone 
C=O) and its mass spectrum showed molecular ion peak (M+) at m/z 467 
(zero%), 432 (30.43%), 342 (100), 250 (100), 222 (50), 181 (37.55), 146 
(8.94), 91 (91.29) and 65 (46.32). 
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[(p-Nitrophenyl)phenyl methyl](2,2,4-triphenyl chroman-3-yl)amine 
(10) . 

To the Grignard solution (prepared from 1.6g Mg and phenyl bromide 
(11g; 0.06 mole) in 200 ml dry ether) was added a suspension of compound 
(8a) (2.9g; 0.01 mole) in dry ether (50ml). The reaction mixture was heated 
under reflux for 2h and decomposed with saturated aq. ammonium chloride 
solution. The organic layer was separated, the solvent removed and the 
residue washed several times with petroleum ether (40-60oC) and 
crystallised from benzene-pet.-ether (40-60oC) to give (10) (cf. Tables 
3,4&5). 

3-[N-(3`-Coumarinyl) carbamoyl] prop-2-enoic acid (11). 
A mixture of (8a-d) (0.01 mole for each) and maleic anhydride (0.99g; 

0.01 mole) in p-xylene (50 ml) was heated under reflux for 20h. The 
reaction mixture was allowed to cool. The solid that separated was filtered 
off, dried and recrystallised from xylene to produce (11), m.p. and m.m.p 
determinations (cf. Tables 3,4&5). 

3-{N-[(1-N-Substituted carbamoyl)-2-substituted hydrazino-2- (2`-
hydroxyphenyl) ethyl] carbamoyl} prop-2-enoic acid derivatives 
(12a,b). 

A mixture of (11) (2.5 g; 0.01 mole ) and hydrazine hydrate or phenyl 
hydrazine (0.02 mole for each) in ethanol (50 ml) was stirred at room 
temperature for 4h. The reaction mixture was dissolved then precipitated. 
The product was filtered off, dried and recrystallised from 
dimethylformamide to produce (12a,b) (cf. Tables 3,4&5). 

Results and Discussion 
The condensation of 3-aminocoumarin(1)[14] with benzoyl 

isothiocyanate in absolute ethanol gave 3-(3`-coumarinyl)-N-benzoyl 
thiourea (2) (scheme 1). The 1H-NMR (DMSO-d6) of compound (2) showed 
signals at  6.81-7.99 (m,9H, ArH), 9.6 (s,1H,CH-4), 11.85 (s,1H, 
disappeared after D2O exchange, NH), and 13.47 ppm (s,1H, disappeared 
after D2O exchange, NH). The IR (KBr) of (2) showed characteristic  
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N,N,N-Tribenzyl-N-(coumarin-3-yl) ammonium chloride (5) 
A mixture of (1) (1.6g ; 0.01 mole) and benzyl chloride (4.6 ml; 0.04 

mole) in acetic acid (20 ml) containing fused sodium acetate (1gm) was 
refluxed for 2h. The solid product was isolated during reflux. The product 
was poured into water, filtered off, dried and recrystallised from dilute 
dimethylformamide to give (5) (cf. Tables 3,4&5). 

3-[(2-Alkylthio-6-phenyl pyrimidin-4`-yl)amino]-2H-
benzopyran - 2 -ones (7a,b). 

A mixture of (1) (1.6gm; 0.01 mole) and 2-alkylthio-4-chloro-6-phenyl 
pyrimidine (6a,b) (0.01 mole for each) in glacial acetic acid (20 ml) was 
heated under reflux for 4h. During time of reflux, a white solid product was 
precipitated, cooled , filtered off and recrystallised from dimethylformamide 
to produce (7a,b) (cf. Tables 3,4&5). 

Action of aromatic aldehydes on (1): Formation of Schiff-Bases (8a-d). 
To a solution of compound (1) (1.61g; 0.01 mole) in absolute ethanol 

(50 ml), containing a catalytic amount of piperidine, equimolecular amount 
of the appropriate aldehyde was added. The reaction mixture was heated 
under reflux for 4h and left to cool. The solid products (8a,b,c) formed 
during time of reflux, whearase (8d) formed after cooling.  The solid 
product was collected, dried and recrystallised from dimethylformamide to 
give compounds (8a,b,c) or ethanol to form (8d) (cf. Tables 3,4&5). 

3-{(p-Substituted aryl)[coumarin-3`-yl amino] methyl}-4-hydroxy-
coumarins (9a-d). 

A mixture of (8a-d) (0.01 mole for each) and 4-hydroxycoumarin 
(1.62g; 0.01 mole) in pyridine (20 ml) was refluxed for 5h. The reaction 
mixture was poured into H2O-HCl and the solid that separated was 
collected, washed throughly with water, dried and recrystallised from dilute 
dimethylformamide to yield compounds (9a,c,d) or dimethylform- amide to 
give (9b) (cf. Tables 3,4&5). 
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various coumarin derivatives of biological interest using 3-aminocoumarin 
(1) [14] as a key starting material. 

Experimental 
General Methods 

Melting points were determined with Kofler apparatus and are 
uncorrected. The microanalyses were done at faculty of Science, King 
Khalid University. Nuclear magnetic resonance spectra were recorded on 
JEOL Ex-270 MHz NMR spectrometer. Infrared spectra were recorded, for 
potassium bromide disks, with a Jasco FT/IR 460 spectrometer. Mass 
spectra were recorded on a Finnigan Mat SSQ- 7000 mass spectrometer. 

3-(3`-Coumarinyl)-N-benzoyl thiourea (2) 
A mixture of 3-aminocoumarin (1) (1.61g; 0.01 mole) and benzoyl 

isothiocyanate (1.4 ml; 0.01 mole) in absolute ethanol (20 ml) was refluxed 
for 2h. The solid that separated during reflux was filtered after cooling, 
dried and recrystallised from dimethylformamide to yield compound (2) (cf. 
Tables 3,4&5). 

3-Benzoyl-1-(3`-coumarinyl)-2-thioxo-1,3,5-trihydropyrimidin-4,6- 
dione (3). 

A mixture of (2) (3.24g; 0.01 mole) and diethyl malonate (1.4 ml;0.01 
mole) was added to a solution of sodium (0.27 g; 0.012 atom) in absolute 
ethanol (20 ml) . The reaction mixture was heated under reflux for 6h, 
concentrated, cooled and poured into ice-HCl. The yellow solid product was 
filtered off, washed thoroughly with water, dried and recrystallised from 
diluted ethanol to produce (3) (cf. Tables 3,4&5). 

2-( N-Benzoylimino )-1-N-(coumarin-3`-yl)-1,3-thiazolidin-4-one (4). 
To a solution of (2) (3.24g ; 0.01 mole) in acetic acid (15 ml), 

monochloroacetic acid (0.94g ; 0.01 mole) and fused sodium acetate (1.39 
gm; 0.017 mole) were added. The reaction mixture was refluxed for 8h and 
then left to cool. The solid that obtained on diluting with water (50 ml) was 
filtered off, dried and recrystallised from ethanol to yield (4) (cf. Tables 
3,4&5). 
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Preparation of Some New Coumarin Derivatives with              
Biological Activity 

 
M. A. Al-Haiza, M. S. Mostafa and M. Y. El-Kady* 

Chemistry Department, College of Science, King Khalid University, 
Abha, Kingdom of Saudi Arabia 

*Chemistry Department, Faculty of Science,  
Ain Shams University, Cairo, Egypt 

Abstract:  
The reaction of 3-aminocoumarin(1) with benzoyl isothiocyanate gave 3-

(3`-coumarinyl)-N-benzoyl thiourea (2).Compound (2) was cyclised into 
either 2-thioxo-1,3,5-trihydropyrimidine-4,6-dione derivative (3) or 
thiazolidin-4-one derivative (4). Alkylation of (1) using excess of benzyl 
chloride afforded N,N,N-tribenzyl-N-(coumarin-3-yl) ammonium chloride (5), 
also, treatment of (1) with 2-alkylthio-4-chloro-6-phenyl pyrimidine (6a,b) 
gave 3-[(2-alkylthio-6-phenylpyrimidin4`-yl) amino] -2H-benzopyran-2-ones 
(7a,b). Condensation of (1) with aromatic aldehydes produced the Shiff-bases 
(8a-d). Each of compounds (8a-d) reacted with 4-hydroxycoumarin to give 3-
{(substituted aryl)[coumarin-3`-yl amino] methyl}-4-hydroxycoumarin 
derivatives (9a-d). Reaction of (8a) with phenylmagnesium bromide afforded 
2,2,4-triphenyl chroman derivative (10). Reaction of each compounds (8a-d) 
with maleic anhydride gave 3-[N-(coumarin-3`-yl)carbamoyl]prop-2-enoic 
acid (11) as the same product. Treatment of (11) with hydrazine hydrate and 
phenyl hydrazine in ethanol at room tempreature afforded the ring opening 
products (12a,b) respectively. The antimicrobial activity of the synthesized 
compounds was tested against Gram positive and Gram negative bacteria as 
well as fungi. 

Introduction: 
Coumarin and its derivatives represent one of the most active classes of 

compounds possessing a wide spectrum of biological activity[1-9] Many of 
these compounds have proved to be active as antitumor[1-2], antibacterial[3,4], 
antifungal[5-7],anticoagulant[8] and antiinflammatory[9]. In addition, these 
compounds are used as additives to  food and cosmetics[10],   

dispersed fluorescent and laser[11]. Various analogues of 3-substituted 
coumarins such as 3-aminocoumarins  exhibit  antimicrobial activity[12,13]. 
From the above line of reasoning we directed this paper toward synthesis of 
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