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Preliminary Contribution to Study of Jellyfish in Saudi 

Coastal Water in Arabian Gulf 
 

Mohamed Baker and  AbdulAziz  EL-Suwailem* 
Dept. of Aquatic Res. Dev.  College of Agriculture and Food Sciences 

King Faisal University, Al-Hassa, Saudi Arabia 
*Water Resource & Environment Division. The Resarch Institute.  

King Fahd University of Petroleum & Minerals, Saudi Arabia 

 
Abstract: 

 Due to their effect on human in many viable fields, this bioneering study 
of the Arabian Gulf jellyfishes was performed. 

  Six species of the jellyfishes from the Saudi waters of the Arabian 
Gulf were identified. Their apparition and abundance by km2 were estimated. 
Our results indicate that Catostylus perezi was the most dominant, especially 
in the area located south of Khobar city. Catostylus perezi showed an 
apparition througth the different seasons with  high abundance during the 
summer season (more than 6 million individual /km2). Correlation between 
jellyfish abundance and some environmantal factors, abundance fish eggs, 
zooplankton abundance and biomass were studied, and a negative correlation 
was found between the jellyfish and the fish eggs and larvae and zooplankton. 
In addition, wet and dry weight of the two most abundant jellyfish were 
estimated . 
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12.8 11.9 2.6 2.2 168.8 183.8 8א 
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12.9 13.1 2.5 2.2 160.3 179.4  

* * * * * * א 

0.5 0.5 0.1 0.1 3.0 3.5 F5٪E 
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F2E 

Lא،LאEאFאאאאאא
אFאאאאEFIFאEIIE 

 

א Lא Lא א 

(II) (I) (II) (I) (II) (I) א 

אאאאKא 

47.1 47.3 53.6 55.5 271.7 295.8 
7F110003L

E 

43.8 46.3 51.9 52.7 265.0 288.8 
14F78003L

E 

32.9 35.9 50.0 51.8 249.1 274.6 
21F68003L

E 

25.0 27.8 45.2 48.2 219.5 242.1 
28F58003L

E 
* * * * * * א 

3.4 5.4 4.2 3.1 11..7 20.1 F5٪E 

Kאאאא 

33.7 33.5 51.3 52.6 228.6 250.0 4א 

38.5 41.2 50.6 52.3 260.2 284.1 8א 

40.2 43.2 48.5 51.2 265.3 291.9  

* * N.S N.S * * א 

2.0 3.0 --- --- 10.1 15.4 F5٪E 
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F3E 
אאאאאאE٪Fא،EFאEאF

FאאאאE٪FאIFאEIIE 
 

א א א א 

(II) (I) (II) (I) (II) (I) א 

אאאאKא 

40.1 40.3 24.8 29.7 2.7 2.4 
7F110003L

E 

40.9 40.4 30.3 33.1 2.6 2.4 
14F78003L

E 

39.0 38.1 27.9 31.1 2.2 2.1 
21F68003L

E 

37.0 36.7 24.6 28.5 2.1 2.0 
28F58003L

E 

* * * * * * א 

0.9 1.1 2.1 2.7 0.2 0.1 F5٪E 

אאאאK 

39.2 38.7 26.4 32.4 2.2 2.0 4א 

39.5 39.2 30.5 32.4 2.4 2.2 8א 

39.1 38.7 23.8 27.0 2.6 2.3  
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N.S N.S * * * * א 

--- --- 1.8 2.1 0.1 0.1 F5٪E 

 
  א  14 21 28    א  

אאאאא،
א28אK(1999)  Abbas et 

alFא40Eא
Lא  Lא א   K  א א 

 א     א   א א 
 א א    אא א    

אא،אא
א     א   א א 

 Kא א   א  א  אא 
(1998)Hashem et alא   א    א  

   א   א א   א א 
אאK 

 א א F4   Lא   E
אאאא2128

אKLאLא
אאא4.392،4.382،3.6953.1577،14،21

28Kאא،אא7
א14،Kא14אא
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אאאאK142128א
  18.58 38.78٪אא  K  א  

Lא       ،Lא  
אLLא   א  ،    א ،

אאAshraf and Mahmood (1990)(1999) Abbas et al  K 

F4E 
EאFאאאELFאאאא

Fאא1999 J2000L2000–2001E 
 

אא אא א 




א
 





 


א

8 




א
4 


א

 





 


א
8 




א
4 

אאאא 

אאאאKא 
4.158 4.437 4.222 3.815 4.625 4.935 4.696 4.244 7F110003EL 

4.164 4.480 4.329 3.684 4.599 4.983 4.715 4.098 14F78003EL 

3.453 3.335 3.711 3.313 3.937 3.999 4.128 3.685 21F68003EL 

2.946 2.993 3.027 2.819 3.368 3.329 3.640 3.136 28F58003LE 
 3.811 3.822 3.408  4.311 4.295 3.791 א 
* * * * א 

0.220 0.172 0.416 0.191 F5٪E 

אF5 E  Lא
אKאא14אF2128

  E  Kא  א    א 
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  א    א 714     א
 אא   714 ،   א  א

1765.5א،1779.8، 1423.7 1163.9Lא
7 ،14 ،21 
28Kאאאא14K 

F5E 
EאFאאאELFאאאא

אאF1999 J2000L2000–2001E 
אא אא א 




א
 





 


א

8 




א
4 


א

 





 


א
8 




א
4 

 

אאאאKא 

1667.4 1779.1 1697.1 1526.1 1863.5 2013.5 1887.8 1689.1 
7F110003L

E 

1702.4 1836.7 1748.9 1521.5 1857.1 2023.1 1904.9 1643.3 
14F78003L

E 

1346.9 1274 1488.1 1278.7 1500.5 1487.6 1609.9 1404.0 
21F68003L

E 

1091.2 1110.3 1123 1040.3 1236.5 1201.8 1350.4 1157.2 
28F58003L

E 
 1500.0 1514.3 1341.7  1681.5 1688.3 1473.4 א 
* * * * א 

52.3 43.5 43.4 38.2 F5٪E 
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2WאאאאK 
אא  א אא

אF א א    אאא1 ،2 ،3א  KE
אאאאאאLא،א

Kאא،א،Lא
  א    Lא     א

 אאא Kא4א א8
 א  א   ، א  Lא 4  

א،L8אKEא،א،א 

אאF4Eאא
א    א    8אא 4 

אאאKL8א
אאאKאאא

א)F4.311אאEL8א
F 3.822א א    א  א   EL

 Kא   א א L א  8
אLKאא،

אAshraf and Mahmood (1990)אא
אאK 

א א  F5א  א א   E
KELF א    אא     

א8א4אא8،
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 א    א   8    
 א א  1407אK6 1601.3 1590.8 L

4אא،8אאKאא،
  א   Lא     א

א א  K(1991)א 
Gomez et al  א    א  א  

אK 



  
  
  
  
אאKKKKאא 



  50

Wא 
א      L א א 

F אאאאאא4 5א KE
אא14

8א14אKא8
אאFאא2124

אאאאאאאE،א
    א  א  ، א   

אאאאאא
א،א8אאא
Kאא   
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Response of Some Canola (Brassica napus L.)  

Genotypes to Drought  

Leilah, A. A; S. A. Al-Khateeb and A. A.  Al-Naiem  
Crops and Range Dept., College of Agric. And Food Sci.,   

King Faisal University, Al-Hassa, Kingdom of  Saudi Arabia 
 

Abstract :  
The present study was conducted during 1999/2000 and 2000/2001 

growing seasons at the Agricultural and Veterinary Training and Research 
Station, King Faisal University. The purpose was to study the response of 
three canola genotypes (cultivars); namely Al-Serw4, Al-Serw 8  and Pactol to 
drought as illustrated by four irrigation intervals (irrigation every 7, 14, 21 and 
28 days, consuming water of 1100, 7800, 6800 and 5800 m3/ha).  

Irrigation treatments had marked effects on seed yield and its attributing 
variables in the two seasons. Irrigation every 7 days resulted in marked 
increases in plant height, stem diameter (In both seasons) and number of  
pods/plant Iun the second season). However, the highest values of harvest 
index was produced with the irrigation every 14 days. Increasing irrigation 
period to 28 days was associated with marked reduction in all estimated 
characteristics. Irrigating canola plants at the regular interval of 14 days were 
the optimum for the highest seed and oil yields production. 

Canola genotypes significantly varied in all estimated characteristics, 
except number of seeds / pod and seed oil percentage. Pactol CV recorded the 
highest number of pods/plant, 1000-seed weight and seed weight/plant. Al-
Serw8 surpassed the other two-tested canola cultivars in plant height, stem 
diameter and harvest index. Maximum seed and oil yields/ha were produced 
from Pactol and Al-Serw8 without marked differences in the two seasons.  

The interaction between irrigation intervals and canola genotypes had 
significant effects on seed and oil yields/ha. Maximum seed and oil yields / ha 
were produced from Pactol and Al-Serw8 CVs when irrigated every 14 days. 
In case of water deficit (irrigation every 21 and 28 days), Al-Serw8 was the 
recommended cultivar for its high productivity under drought, which is a 
reasonable to indication for its tolerance to drought. 
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   (Citrus aurantifolia Christm Swingle) اللایم عقل إستجابة 
    (IBA) حمض أندول بیوتریكتأثیر للتجذیر تحت  صنف اللومي

  التجذیر وموعد زراعة العقل  سطوو
 

אאא 
א Jאאאא Jא 

א–אאא  

אW 
אאאאאא
אא    א  א  א   ،א א

 א א   א אא   א  
Kא 

  א   א  א א א  א
אאאאאאא

אא  EאF EאFא
א   (IBA)2000  ،4000 ،6000 ،8000  

אאKאW،
א،א ،، FאH،E Fא Hא،E 

KEHF 
א  א  4000   (IBA)    

Fאאאא56.07א٪א 40.36٪
א،אאאEא

אאEHFאא
א،72٪אא55.76٪א

      ،EHF א   
Kאאא 
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א  א אא א  א  
FFאEH92.5٪

א72.5٪אאאEא4000 
אאא،א א

8000אאאאKא
אאאאאא،

Kאאא 
 Wאא،א،א،א،אIBA،א،

אא،אאאK 

אW 
א(C. aurantifolia Christm. Swingle.) א (Rutaceae)

אאאאאאאא،א
א،אא

א(Tahiti) אא(Loussert, 1989)K
   א א   א א  א א

א א א  אא   א
   א אא  א،א א

   א א א    א
،Fאאאא1998אKE 

א    א א   א א 
אאאFא

 ،1997 א ،E א א  א 
אאא،אא،אא
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אא(Jull et al.,1994)Kאאאא
אא(Drug et al.,1998) ،(Smalley et al., 

1991)אאאא
  אAcer rubrum    ،(Sharma et al., 1999) 

אKאא 

א א א א א א
אאא(Patil et al., 2001)א،

 אאאאאאא
  אא   (Sun et al., 1993)א   K

(Choudhar, and Chakrawar, 1980, 1981)   א 
אאא (Kagazi)  (Prasad   and 

Govind, 1972)  אא  (IBA)  
(NAA)א(Rathor, 1973)א
 (NAA)   א  (Citrus karna)אא   
2500       (Reuther and Batchelor, 1973)

       א א   
K 

אא    א  א   א א 
 א א    א  אא

F JאE(Haissing et al., 1974)،
(Al-Obeed and Sabbah 2001)א

Kאאא 
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 אא אא
א،א FאHartmann and Beutel, 

1979 E א א  א  אFEL-

Dairi, 1993،Eאא(Singh and Mokial, 

1981)  (Al-Kotobe et al., 1997)א   א
F(Choudhar and Chakrawar, 1980אאא

אאא(Rein et al, 1991)K 

אאאאאאא
אאאאאאאא

א אא א   א
(IBA)Kאא 

אא 

  א א  א א  ،אא א 
Kאאאא10א J15

  א  א  K א א 
 אא F W

EאKא  אא1
  ،א א  אא   א  א א

K א   א   אא  א
W 

1–אF SandEא 

2–אFPeatmossEא 
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3–אאאFperliteEא 

4–FVermiculiteאE 
5 Jאא1:1 

6–אא1:1 

7–אא1W1 

אאאאF0.5אL
Eא،אאאKאא

א(IBA)W2000،4000،
6000،8000،EFא

،Fאאאא1990KE
אאאא

א40٪Kא
0.1אL

א،3אא5א
10،א،אאאא

אKאאא
אאאא5

10אא5אאא
Kאאא 

(Split-split-plot)7אאאא
،5א

אאאF40E
אאא،
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א24 J26אאאא 
21–23אא،80–90٪א

אאKאאא
אLאאאK

אאAnovaאא
אCostate(L.S.D.)א

Fאא5٪אE(Gomez and Gomez, 1984)K 

אא 

אאאא
אאאאאאא

FאאK1HFאEE
Fאאא72٪EK

EF،EHFאFEא
Kאא

א،אאא4000،6000
8000אאא

א2000אK56,07٪א
400017.86٪א

אKא(Prasad and Govind, 1972)
אא(Rathor,1973)

א(Citrus karna)אאK
אאאאא4000
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F92.5٪אEHFאE
א2000אא

אאאאאKאאא
F2אאEHFאE

Fאא55.76٪KE
6000אאא2000

אF40.91٪E
א4000א8000אאאאK

א،א4000Fא
אאאEH6000א8000

אאKאאא
א،אאאאא

(Sharma et al., 1999)אאאאא
אאאאאאא

אאאאאאאא
Kא 
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F1E 
אאאאאאאא 

 
א 

(IBA) L(p.p.m.) 
 2000 4000 6000 8000 א 

 7.5 40 50 63.8 72.5 46.76 
 5 32.5 72.5 50 47.5 41.50 

 א 2.5 15 30 42.5 50 28.00 
 42.5 55 65 47.5 45 51.00 

H 7.5 12.5 20 22.5 22.5 17.00 
H 12.5 40 62.5 80 65 52.00 

H 47.5 57.5 92.5 82.5 80 72.00 
54.64 55.54 56.07 36.07 17.86 א  

 L.S.D.א 0.05 
א 6.31 

אא 5.74 
אאXא14.66 א 

 
F2E 
אאאאאאאא 

א 
(IBA) L(p.p.m.) 

 2000 4000 6000 8000 א 

 5.5 22.5 30 46.3 45 29.86 
 2 18.8 37.5 37.5 35 26.16 

 א 1.5 11.3 22.5 33.8 35 20.82 
 31.3 38.8 45 41.3 31.3 37.54 

H 5 8.8 12.5 15 13.8 11.02 
H 8.8 30 62.5 45 42.5 37.76 

H 30 45 72.5 67.5 63.8 55.76 
38.06 40.91 40.36 25.03 12.01 א  

 L.S.D.א 0.05 
א 5.27 

אא 4.39 
אאXאא 12.13 



 

 
 
 
 

  م)2004ھـ (1426العدد الثاني  – العلوم الأساسیة والتطبیقیة                                           المجلد الخامس –المجلة العلمیة لجامعة الملك فیصل 
                      

 

  61

،א אא  א    א   
Fאא3FאEEH

Fא     א  7.9  ،EL 
F5.3א،EL

Fאאא2.36FHE2.48אKE
 4000א    א     

Fא6.16אאאאKEL א
אא 4000א

 F  א E H F12.3L    E
Kא 

F א  א  ،א אא  4א  E
 א      א  E HF

5.38Fא،L3.92אEL
אKא4000א

א5٪אא2000א K 
 א  א אא א 4000א   
60008000אאEHFאאא

 אא 7.2א، KL
   Kא אא      א א 

  א       א    א
אא א אא א א א

F60008000אאאE
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Fא Al-Kotob et al., 1997Eאאא
אKאאא 

F3E 
אאאאLאאא 

 
א 

(IBA) L(p.p.m.) 

 2000 4000 6000 8000 א 

 1 3.5 5.3 4.3 3.5 3.52 
 1 2.5 5.8 4.2 3.6 3.42 

 א 1 1.5 3.5 3 2.8 2.36 
 4.3 5.5 7.5 4.8 4.5 5.32 

H 1.3 1.5 4.2 3.1 2.3 2.48 
H 1.8 2.5 4.5 4.1 3.5 3.28 

H 4.8 5.8 12.3 8.8 8 7.94 
4.03 4.61 6.16 3.26 2.17 א  

 L.S.D.א 0.05 
א 0.74 

אא0.61 
אאXא1.63 א 

F4E 
אאאא Lאאא 

 
א 

(IBA) L(p.p.m.) 

 2000 4000 6000 8000 א 

 1 2.9 1.8 3.3 4.5 2.70 
 1 1.8 2.9 2.2 2.1 2.00 
 א 1 1.1 1.2 1.2 1.8 1.26 

 3.3 4.5 4.9 3.6 3.3 3.92 
H 1.1 1.2 1.7 1.9 1.6 1.50 

H 1.4 2.1 3.4 4 1.6 2.50 
H 2.8 4.4 7.2 6.5 6 5.38 

2.99 3.24 3.36 2.57 1.66 א  
 L.S.D.א 0.05 

א 0.55 
אא0.49 
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אאXא1.18 א 

אאאאאא
Fאא،אא5אE

HFא،אאאא
אאE6.82،

H Fא א    ،א   
א KאאאאE

  א  א  3.2אK   
א   אא 6.1א   4000 

א     א א     א
20006000אא8000א

אאKאא
אא4000EHFא

F א     8.6  א   E
    א 5٪א  א א 6000

אEHF
א אא  א א  א    K א 

 א 8000א  א  אא    
א،אאאאא

     א،א א(Rathor,1973)  
א(C.karna) F  Al-Kotob et al., 1997)Eא

Kא 
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F א  א אא   6F א  EH
Fא  E5.18،א  E

 א   ،E H F א  4000 
F4.36 א א  E8000א  א  K 

 א      אא6000א  
אEHF6.16000

אאאא،א
Kאאא 

אאא
(IBA)אאאא

אא אאאא א
 אאאא (Sun et al, 

1993)  א א א אא  א  
Fאא JאאE

   א(Haissig, 1974)  ،
אאאאא

אאאא(AL-Obeed and Sabbah, 2001)K 
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F5E 
אאאאLאא 

 وسط التجذیر
 (.p.p.m)/جزء بالملیون   (IBA)تركیز حمض أندول بیوتریك 

 المتوسط 8000 6000 4000 2000 شاھد
 5.70 4.3 7.6 6.3 5.7 4.6 رمل

 3.20 2.4 2.6 4.3 3.9 2.9 تموسیب
 4.12 3.9 4.3 5.5 3.9  .3 زراعي برلایت

 5.24 4.7 4.9 6.7 5.7 4.2 فرمیكولایت
 4.46 4.1 5 5.2 4.5 3.5 تموسیب مل +ر

 5.16 4.3 6.2 6.1 5.1 4.1 تموسیب+برلایت 
 6.82 6.7 7.9 8.6  .6 4.9 فیرمیكولایت +  بیتموس

  4.34 5.5 6.1 4.97 3.89 المتوسط
 0.05 عاى المستوى.L.S.D أقل فرق معنوي

 0.62 بین الأوساط
 0.50 بین التراكیز

 1.50 ط المختلفةالأوسا Xبین التراكیز 
 

F6E 
אאאאLאא 

 (.p.p.m)/جزء بالملیون   (IBA)تركیز حمض أندول بیوتریك  وسط التجذیر
 المتوسط 8000 6000 4000 2000 شاھد 
 3.76 2.1 5.5 4.3 4 2.9 رمل

 2.08 1.8 1.9  3 2.6  1.1 بتموس
 2.92 2.8 3.1 4 2.7 2 زراعي برلایت

 3.82 3.7  3.7 4.5 4 3.2 فرمیكولایت
 3.48 3.6 3.7  3.9 3.5  2.7 بتموس مل +ر

 4.04 3.1 4.9 4.9 4.1 3.2 بتموس+برلایت 
 5.18 5.3 6.1 5.9 4.9 3.7 فرمیكولایت+  بتموس

  3.2 4.13 4.36 3.69 2.69 المتوسط
 0.05 على المستوى .L.S.D أقل فرق معنوي

 0.72 بین الأوساط
 0.66 بین التراكیز

 1.64 ساط المختلفةوالأ Xبین التراكیز 
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 44.04٪א 31.27٪   א،א אא
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F7WE 
אאאאא 

א א א א 

 46.76 29.86 38.31 

 41.5 26.16 33.83 

 א 28 20.82 24.41 

 51 37.54 44.37 

H 17 11.02 14.01 

H 52 37.76 44.88 

H 72 55.76 63.88 

א(ppm) 

0EF 17.86 12.01 14.94 

2000 36.07 25.03 30.55 
4000 56.07 40.36 48.22 
6000 55.54 40.91 48.23 
8000 54.64 38.06 46.35 

א 44.04 31.27  

 L.S.D.א 0.05 

אאאXאא 5.13 

אאX אא 4.24 

אאX  אX 10.13 א 

 
  

W 
אKאאאאאא 
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Rooting Response of Lime (Citrus aurantifolia Christm 
Swingle)  cultivar (cv.) loomi to Indol Butric Acid (IBA), 

Rooting Media and Date of Planting Cuttings 
 

Abdullah, Gh. R. and  AL-Khateeb, A. A. 

Department of Horticulture, College of Agricultural and food Sciences,  King Faisal 
University, Alhassa, Kingdom of Saudi Arabia 

 
Abstract: 

Lime (Loomi) (C. aurantifolia Swingle) is considered as one of the major 
citrus trees cultivated in the eastern region of Saudi Arabia. Since the 
environment of the eastern region is very suitable for its cultivation, this study 
was conducted to clarify some of the factors that may affect its vegetative 
propagation by using semi-hardwood cuttings. 

The study was conducted in a greenhouse of the Department of 
Horticulture at King Faisal University, Kingdom of Saudi Arabia. The 
semihardwood cuttings were grown in the rooting media either at September 
(autumn) or March (spring). They were treated with 2000, 4000, 6000, and 
8000 ppm IBA before grown in the following 7 rooting media: sand, 
peatmoss, perlite, vermiculite, sand + peatmoss, perlite + peatmoss and 
vermiculite + peatmoss. 

The results indicated that cuttings under 4000 ppm IBA gave the best 
rooting percentag (56.07 % during autumn and 40.36% in spring) and number 
and length of root  irrespective of rooting media. However, the rooting media 
(vermiculite + peatmoss) significantly improved rooting irrespective of IBA 
concentration (72 % during autumn and 55.76 % in spring). The media sand + 
peatmoss gave the least rooting. 

The interaction between rooting media and IBA concentrations showed 
that vermiculite + peatmoss under 4000 ppm IBA yielded better rooting 
percentag (92.5 % during autumn and 72.5 % in spring), compared to all other 
interactions. The length of roots was significantly reduced in the same media 
under 8000 ppm IBA and became relatively similar to the control in both 
seasons. Furthermore, cuttings grown during autumn gave better rooting 
percentage than spring. This might be due to the physiological conditions of 
cuttings during the different seasons. 

Keywords: Lime, citrus, rooting, IBA, auxin, rooting media,  shoot cuttings.   
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  مستوى ھرمون النمو وعامل النمو الأول المشابھ للأنسولین 
  خلال فترتي الحمل وإنتاج الحلیب عند حولیات غنم العواس

א،G،، 

אאא Jאא J J 
Gאאאא Jאא J J 

Wא 
אאאאאא

אאאא،
אאאאאא

א،אאKא
ZFאא،8ZFאאE3KE

אא،אא
אאKEFא

Kאאאאא 

אאאאאאא
אא،–20º

אאאאאא
Kאא 

FאP<0.05אE
אאאא13.15א±6.90 

10.74±6.4415.55±7.08אאאLא
،אאא
אאאאאא

אא223.18א±82.46235.07±66.42
אאאאא،אאLא 
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F190.82±36.5FELאP<0.01E
Kאא 

FאאאאאP<0.001E
F1א J63אאאאE

،אא
אKאאאאאא

אFאאאP<0.01אE
א،אאאאא

Kאאאא 

אאאאא
אאאאאא

FאאאP<0.001, r=0.42 , r= 0.43Eאאאא
FP<0.001, r=0.39 , r=0.67אאאE

Fא1א J154KE 

אאא،אW،א،
אKאא، 

Wא 
אאאאאאא

אא،אאאKאאא
אאא،א

،אאא
אK 
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،אאאאא
? Insulin like growth factor I،IGF1 ? א א א 

אL،אאאא،70L
אF7646EFJahreis, (1993)אE،

  F א  א אRinderknecht&Humbel،
1978 א    ESomatomedine  

א(Baile, 1983)K 

  א א א  א א א אא 
 א  א F א Collier, et. al., 1993 ؛Forsyth, 1996؛

Kleinberg, 1997FאאEDehoff, et. al., 1988؛
Winder, et. al., 1989،Eאא،

 א DNA  א א א  FWinder, et. al., 1989؛
Forsyth, 1996אאאE(Forsyth, 1996)א

א א אא א  ،
Kא 

  א א א  אא א   
אאא،א

FאRonge, et. al., 1988؛Schams, et. al., 1991KE 
 א א   א ،א א א  א  

190(א(Fא،
 א א    ،E  אא א א

אאGrowth hormone releasing hormone،GHRHא،
 אאאSomatostatinMagnan, et. al., (1994) K
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 א א א    א    
FBaxter, et. al., 1980؛Maes, et. al., 1986؛Walden, et. al., 1998E

Kאאאאאא 

א אאא א 
FSinowatz, et. al., 2000אאאE

FאאאTucker, 1981،E
אא   א  א FSchams, et. al., 1991، E 

אאאא
F א    אא   א Hart, et. al., 1978؛ 

Gorewit 1983&Agyemang؛Barnes, et. al., 1985؛Kazmer, et. al., 1986؛
Bonczek, et. al., 1988א  ،א E

 א  א  אBauman, 1983)&ElliotE  א  ،
Fאאאא،Powell, 1995&KeislerKE 

אאאא
FJohnsson, 1986&Hart Peel, 1987&Bauman ؛ ؛Chillard, 1988؛

MacBridge, et. al., 1988F א  EMcDowell, 1983& Hart؛ 
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 א  א א(Bauman, et. al., 1985)    ،
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2W1L1.5KאL
אאFאאא0.1٪אE
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Wא א א    א א א
אאEFא אאא

،אאFאאDutch Chrono-gestE
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Wא  א א א  א    
،א––אא–

Kאאא 

אאet. al 1992),  (Bier,،א
 א  א א א  א125א א  K
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אא אא
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Fאא0،1،2E GHij،אאאW
eijאאאWGLM Procedure of SASMixed 

classification models of SASאאא
אאאאאא

אאKאWilcoxon –Savage- TestK
אאאאא

אאאאאאאא
Simple Pearson’s correlation coefficientאCorr procedure of 

SASFSAS, (1988) KE
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FΧFאאאELאFאESDE 
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א  

SD      Χ        N
 

SD       Χ         N
 

SD      Χ      N 
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The Level of Growth Hormone, Insulin -like Growth  
Factor-I in the Plasma of Yearling Awassi Ewes during 

Pregnancy and Lactation 
 

Kaskous, Sh.; E. Gruen* ; A.I.Saloum and  M.A. Mansour 

Animal production Department, Faculty of Agricultural, Damascus University, Syria  
* Institute of Veterinary Physiology and Biochemistry, Veterinary Faculty, University of Leipzig, an 

den Tierkliniken 43, 04103 Leipzig, Germany 
Abstract: 

This study was conducted at the Metabolism Unit of Agric. College, 
Damascus University in order to determine the level of growth hormone (GH), 
Insulin -like Growth Factor-I (IGF-I) in plasma in the Syrian yearling Awassi 
Ewes during pregnancy and lactation and the relationship to the milk 
production.  

Eleven yearling ewes, never get pregnant before were divided randomly 
into 2 groups (G1, n=8; G2, n=3). Only G1-ewes were inseminated from adult 
rams, while in G2 were left, as a control group. At the end of breeding season 
five of G1-ewes gave individual lambs (SL) and three gave twin lambs (TL). 

Blood samples were collected once a week from jugular vein in all ewes, 
using special syringes, samples were centrifuged and plasma were separated, 
frizzed and stored at –20 ºc, until GH and IGF-I were measured by RIA 
technique. 

The results indicated, a significant (P<0.05) difference in the level of GH 
between groups during pregnancy. Averages level of GH were 13.15±6.90, 
10.74±6.44, 15.55±7.08 ng /ml in SL, TL, G2, respectively, while there was 
not significant difference in the level of IGF-I between SL and TL during the 
same period. Average levels of IGF-I were 223.18±82.46, 235.07±66.42 
ng/ml respectively, but the values of this hormone at G2 were significantly 
decreased in comparison with the two former groups.   

Analysis of variance indicated that there was a significant increase 
(P<0.001) in the level of GH during suckling period (1-63 days) compared 
with the later stages in lactation period in G1 after individual lambs and twin 
lambs, while not by the G2 in the same period. 

Results also indicated that, a significant increase (P<0.01) in the level of 
IGF-I during suckling period compared with the later stages in lactation 
period in G1 after individual lambs, while not after twin lambs or in G2.  

A significant positive correlation coefficient was shown between the 
levels of GH, IGF-I and the milk production in the G1 after individual lambs 
(r=0.43, r=0.42, P<0.001) and in the G1 after twin lambs (r=0.67, 0.39, 
P<0.001), respectively, during the period from 1 to 154 days of lactation.  

Keywords: Growth hormone, Insulin -like Growth Factor-I, pregnancy, milk 
production, Awassi ewes.   
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Toward Practicing Architecture within the   
Concept of Sustainable Development 

 
Hashim Alsaleh 

College of Architecture & Planning - King Faisal University 
Dammam – Kingdom of Saudi Arabia 

 

Abstract:  

A major challenge at present is to provide a means for building industry 
to act on its obligations to achieve sustainability.  Building activities consume 
large quantities of raw materials, energy and produce large quantities of 
waste.  Therefore, changes in process are needed to protect our environment 
during these operations and activities.  A proactive and more responsive 
industry to the issue of environmental effects will put more pressure on 
architects to lead this effort.  The purpose of this study, first, is to analyze the 
impact of building on our environment.  Second, is to establish the 
sustainbility criteria for building industry.  The criteria for energy 
conservation, using renewable resources, recycling, protecting natural 
environment, and creativity healthy environment are all need to be covered in 
sufficient detail to underscore their importance and the range of their 
application.  Finally, the study will outline a number of key principles, which 
must be upheld by architecture in order to attain sustainability. 
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acceptance of this theory by the majority of the scientific community, the 
prion hypothesis still faces some crucial problems. Many scientists argue 
that a definitive proof that prions could cause disease by themselves is still 
lacking and that an associated factor such as a virion cannot be ruled out. It 
is also still difficult to explain the existence of distinct strains of scrapie on 
the basis that each strain is a distinct PrPC that converts to a distinct PrPSC. 
Until such questions pertaining to the exact cause are fully answered, 
attempts to develop new methods of treatment for prion diseases will be 
incomplete.  

The emergence of mad cow disease in Britain has brought considerable 
prominence to other prion diseases, most of which are actually extremely 
rare. The research made on the molecular and genetic basis of these diseases 
has significantly enriched scientific knowledge, but has also exposed 
limitations in our ability to deal with such diseases in terms of prevention 
and control.  

Although most prion diseases are rare, some like BSE have caused 
major outbreaks leading to considerable economic loss, and creating a 
significant risk to human health. There are also several other newly 
emerging diseases that represent a risk to human or animal health that 
should also be given similar attention. While this is highly desirable in order 
to protect man and animals from these emerging diseases, older maladies 
like tuberculosis, malaria, bilharziasis, sleeping sickness and river blindness, 
which are devastating millions of people and their animals in many parts of 
the world, should not be overlooked.         
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infected mice with a synthetic peptide homologous to a small region of the 
prion protein has reversed the abnormal structure of PrPSC to its normal 
(PrPC) counterpart, delayed the clinical symptoms in the infected mice 
significantly and reduced brain infectivity by more than 90-95% [83].  

Priola et al. [84] studied the effect of three different types of cyclic 
tetrapyrroles on experimentally produced scrapie in mice. They reported that 
the drugs, when injected at different times during the “incubation period,” 
blocked the conversion of normal prion protein into the pathogenic isoform, 
thereby significantly slowing the progression of the disease. When these 
drugs were given concurrently with injection of the scrapie agent, they 
extended survival time dramatically, in some cases by 300 percent, but 
when given later during disease, they exerted only minimal effect. These 
results suggest that cyclic tetrapyrroles might delay prion diseases if given 
prior to or early during the course of disease, and that they might also be 
used to treat blood products to inactivate infectious prions. However, they 
are unlikely to be effective after the development of disease.  

Recently, a number recombinant antibody antigen-binding fragments 
(Fabs) have been tested in vitro for their ability to inhibit prion propagation 
in cultured mouse neuroblastoma cells infected with PrPSC. Some of these 
antibodies appeared to bind to a specific region in normal prion (PrPC), 
where the latter interacts with PrPSC, and in that manner inhibit prion 
propagation and clear prion clumps out of the cultured cells. These studies 
offer the possibility of using genetically engineered antibodies to prevent 
and treat prion diseases, and identify sites for drug targeting [85].  

 Conclusions: 
There is now a wider range of prion diseases in man and animals than 

originally thought. Some of these diseases, like scrapie, have existed for 
many centuries while others have only been described recently, and still 
others might be added to the list. These diseases have been classified on the 
basis of their clinical manifestations and history, but more accurate 
molecular classification is becoming increasingly sought. For example, it 
was first thought that FFI is an exclusively inherited form of prion disease, 
but now sporadic cases have been diagnosed of this disease. In spite of the 
amount and quality of the work that has been carried out to prove that an 
abnormal prion protein is the sole cause of "prion diseases," and the 
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and not PrPC. A sonication procedure has also been described for cyclic 
amplification of protein misfolding that allowed a rapid conversion of large 
amounts of PrPC into PrPSC-like form in the presence of minute quantities of 
PrPSC template [78]. This procedure, which is termed Protein-misfolding 
cyclic amplification; (PMCA), is basically analogous to polymerase chain 
reaction cycling, and could be used to detect the presence of currently 
undetectable levels of PrPSC in tissues and body fluids of the patients. The 
PMCA may also be useful in determining whether PrPSC replication results 
in the generation of infectivity in vitro.  

Treatment 
Prion diseases do not stimulate immunity. Therefore, a vaccine that 

prevents them is unlikely. No treatment is available either, although research 
in this area is progressing. Removal of the PrP gene renders mice 
insusceptible to intracerebral inoculation with the scrapie-agent, while PrP 
over-expression enhances the development of disease [79]. Therefore, it has 
been suggested that either gene therapy or the use of antisense 
oligonucleotides that interfere with replication and reduce the amount of 
mRNA transcription of the PrP gene might be beneficial, although the 
delivery of these oligonucleotides to the brain might be difficult [15]. 
Similarly, substances that interfere with endocytosis, exocytosis or 
trafficking of PrPSC protein in the cells might be useful. Scientists have also 
been searching for drugs that could prevent the formation of PrPSC without 
affecting PrPC such as substances that bind to PrPC and stabilize the -helix 
structure, interfere with PrPC-PrPSC interactions, or bind protein X, thereby 
preventing PrPSC replication. It has been found that the amyloid stain Congo 
red and certain sulfated glycans strongly and selectively inhibited the 
production of PrPSC, without apparently interfering with PrPC metabolism, 
in scrapie-infected cells [20; 80; 81]. An Amphotericin-B derivative was 
also shown to prolong the incubation period and reduce the infectivity of 
brain tissue in hamsters infected with the scrapie agent, but does not prevent 
the disease from developing [15]. Anthracyclines were also found to induce 
amyloid plaque resorption, presumably by binding to PrPSC, thereby 
preventing it from acting as a template for the formation of new PrPSC [82] 
but unfortunately, these drugs are highly cytotoxic and should be modified 
before they can be used. It has also been found that treatment of scrapie-
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The latter disease produces a characteristic EEG wave that can be used to 
establish a clinical diagnosis. However, this wave pattern is limited to CJD 
and has not been observed in other prion diseases. The presence of abnormal 
prion protein in the brains of dead humans or animals can be diagnosed by 
electron microscopy and by special techniques of molecular biology, 
immunocytochemistry, western blotting and infrared microspectroscopy 
[70-72]. However, in some patients with inherited prion disease, there is no 
detectable PrPSC in the brain. On the other hand, the presence of inherited 
types of disease can be demonstrated by conducting genetic analysis of the 
PrP gene in DNA extracts of the patient's leucocytes. This method is of little 
value in the diagnosis of sporadic and infectious forms of prion disease [15].     

In experimental animals, infectivity could be detected in lymphoid tissue 
biopsies (spleen, lymph nodes, Peyer's patches and tonsils) prior to 
involvement of the brain and appearance of clinical signs [23]. The 
cerebrospinal fluid (CSF) has also been found to contain infectious prions, 
and a test has been developed for early detection of the disease in the CSF; 
the results are encouraging because the test is showing sensitivity and 
specificity [73].     

A low level of infectivity may also be detected in the blood prior to the 
appearance of clinical symptoms. Schmmer et al. [74] used capillary 
electrophoresis and fluorescent peptides of the prion protein to detect 
misfolded prion isoform (PrPSC) in the blood and CSF of scrapie-infected 
sheep during the incubation period, and reported that there was a good 
correlation between the blood assay and the development of clinical scrapie. 
In an effort to overcome the problem of detecting extremely low 
concentrations of PrPSC in the blood, Cashmann [75] identified 
protocadherin-2 (PC2) as a high-affinity cell surface receptor for both PrPC 
and PrPSC, and suggested that it might be used as a "capture" reagent in the 
diagnosis of prion disease. On the other hand, novel, 2'-F-substituted RNA 
aptamers (synthetic RNA’s) have been identified and were found to bind 
selectively to prion proteins from humans, mice, sheep, hamsters and cattle 
but not to other proteins [76]. These aptamers were highly resistant to 
nucleases and proteases and had more than 10-fold greater affinity for in 
vitro refolded, PrPSC than for its PrPC isoform, indicating that aptamers 
could be potentially useful reagents in the diagnosis of prion diseases. More 
recently, Weiss [77] selected a RNA aptamer that specifically binds PrPSc 
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spontaneous somatic mutation or for some other unknown cause. The 
sporadic form is the most common [18].  

Lymphoid tissues appear to be very important for the propagation of 
prions. Following orally acquired infections, the ingested prions could be 
absorbed by the gut into the Peyer's patches. From there, they are taken to 
the spleen, lymph nodes and tonsils, where they replicate. In these lymphoid 
organs, the prions gain access to nerves. They propagate along the axons of 
these nerves to the spinal cord and finally to the brain [68]. These authors 
detected PrPSC within follicular dendritic cells (FDCs) in lymphoid tissues 
of humans and animals with different types of TSE’s; using scrapie-infected 
mouse models, they showed that the FDCs themselves produced PrP, that 
replication of scrapie in the spleen depends on FDCs, and that 
neuroinvasion following peripheral challenge is impaired in the absence of 
FDCs.  

Infections in laboratory animals, especially with scrapie and BSE agents, 
could be established by different routes, including intracerebral, oral, 
subcutaneous, intravenous, intraperitoneal and intraoccular routes [69]. 
However, the relative efficiency of these routes differs considerably. The 
best route for experimental transmission of prions is to inject the infective 
material directly into the brain (intracerebral inoculation) and the best 
source of infective prions is the brain. By contrast, infection by other routes 
requires tens or even hundreds of thousands greater doses than those used 
for intracerebral infection [56].    

Diagnosis: 
Prion diseases produce few or no symptoms until it is too late. It is 

therefore important to develop diagnostic methods that can detect the 
disease at an early stage.  One of the major problems is that prion diseases 
do not stimulate immunity because the modified prion that causes them is 
host-derived. Therefore, no direct serological test is available for routine 
detection of these conditions in the living host. At present, diagnosis is 
largely based on clinical examination and post-mortem examination of the 
brain. Prion disease should be suspected in patients showing progressive 
decline in mental and motor functions [15]. Invasive clinical methods such 
as brain specimen biopsy can diagnose prion disease, but the only non-
invasive clinical method available is electroencephalogram (EEG) in CJD. 
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1988 in the Arabian oryx (Oryx leucoryx) and the greater kudu 
(Tragelaphus strepsicerosi). In the following years, some cases were 
recorded in eland (Taurotragus oryx) and single horned oryx  [53; 65; 66]. 

These different cases appeared in animals kept at London Zoo or 
animals exported from London to other countries. In general, the clinical 
signs comprised incoordination of movement, tremors, excessive salivation, 
loss of weight, licking of lips, tilting of head to one side, sleepiness, vague 
looks and sometimes aggressive behavior. Typical spongiform changes were 
found in the brains of the animals [65; 66]. 

Sometimes the diseases in wild cats and exotic ungulates are grouped 
under the name "Zoological Spongiform Encephalopathies." 

2.7 Spongiform Encephalopathy of the Red Ostrich: 
There is preliminary evidence of prion disease in the red-necked ostrich 

(Struthio camelus). The condition was found in an adult female ostrich in a 
German zoological garden. The affected ostrich showed symptoms of 
central nervous involvement and locomotion disorders. Histological 
examination of the brain showed spongiform encephalopathy involving the 
brain stem and medulla oblongata. A male ostrich also died of similar 
symptoms, but no examination of the brain was made [67]. It is also not 
known if the condition was caused by a transmissible agent or not.  

Transmission 
Prion diseases can develop in different ways. They can be transmitted by 

mouth, skin wounds and mucosal surfaces as in the case of Kuru and 
scrapie. They can be acquired by iatrogenic infection as in iatrogenic cases 
of CJD acquired as a result of treatment with human-derived hormones, 
corneal grafts, dura matter grafts and use of contaminated medical 
instruments, such as electrodes. They can also be transmitted genetically 
e.g., GGS, FFI and inherited form of CJD. Still other cases can arise without 
a known risk factor such as genetic predisposition or exposure to infective 
material. Accordingly, Prusiner et al. [15] categorized prion diseases into (i) 
infectious forms resulting from horizontal transmission and including 
iatrogenic infections (ii) inherited forms that are invariably associated with 
mutation of the PrP gene and (iii) sporadic forms where the origin of the 
condition is unknown, and which could arise either as a result of 
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brain material from infected cattle. Furthermore, sheep have most likely 
been exposed to some of the same infected feed that passed BSE to cattle in 
the UK.  Yet, it is not known whether any sheep were in fact naturally 
infected with BSE, since the symptoms would almost certainly be confused 
with scrapie, which is endemic in the UK.  Recently, Ferguson et al. [62] 
reported that sheep posed a greater theoretical risk of spreading BSE to 
humans than cattle, because present control efforts are focused on protecting 
people from the infection in cattle. These authors, however, estimated that at 
worst, vCJD from sheep could kill 150,000 people, versus an estimated 
maximum of 50,000 if beef were the only source, and that precautions could 
substantially reduce the risk from sheep.  

2.5. Feline Spongiform Encephalopathy (FSE):  
This disease was recorded in domestic and wild cats in Britain and some 

other countries following “mad cow disease.” The first case was reported in 
a domestic cat in Bristol in 1990, and within few years, numerous additional 
cases were reported in domestic cats, and different species of wild cats. The 
disease has been transmitted from cats to mice. This has led to the 
establishment of the feline disease as a new type of TSE or prion disease 
[63; 64].  

The main signs of FSE in cats are stumbling, sleepiness, vague 
appearance, tendency to hide in dark places, pupillary dilatation, failure to 
respond to light stimuli, crawling, extension of the hind legs and muscle 
tremors, particularly in the head region. Histological examination of the 
brain shows the typical changes of spongiform encephalopathies. Sporadic 
cases were recorded in wild felidae including cheetah, puma and ocelot in 
zoos in Britain, Ireland and Australia [56].    

2.6. Exotic Ungulate Spongiform Encephalopathy (EUE):  
From 1986 onward, many cases of prion disease were recorded in wild 

ungulates. Most of them were initially found in antelopes fed the same 
contaminated feed that caused the disease in cows. However, some cases 
appeared in animals born after total ban on the use of animal offal in animal 
feeds. The first case in wild ruminants was recorded in the nyala 
(Tragelaphus angasi) in 1987, around the same time as BSE. In the 
following year, the disease appeared in the gemsbok (Oryx gazella) and in 
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The clinical signs of BSE include irritability, salivation and excessive 
response to different stimuli like sound, light and noise. The animals may 
also show aggressive behavior, frenzy and kicking [53]. There is also 
incoordination of movement, which is initially slight, but increases with the 
progression of the disease. The symptoms include stretching of limbs, high 
steps, running and jumping in air, paddling, circling and stumbling. In 
addition, there is increased breathing and difficulty in defecation and 
urination, and sometimes signs of tetany [58]. Unlike scrapie, however, 
there is no pruritis. The course of BSE lasts from 1 - 6 months during which 
the animal's health and production deteriorate rapidly and finally it lies on 
one side and dies in lateral recumbency. It is believed that the agent of BSE 
replicates during the incubation period in lymphoid tissue in the intestinal 
wall, as well as the spleen and lymph nodes, then reaches the brain where it 
causes spongiform changes similar to those caused by other prion diseases. 
These pathological changes consistently showed that the causative agent of 
BSE is a single, stable strain [59; 60].  

Fears of the spread of BSE to humans have existed since the onset of 
outbreaks of this disease in British cows. However, the authorities initially 
assured that there was no way that BSE could be transmitted to humans, and 
that cows were “dead-end hosts” that could not transmit the disease; hence, 
the causative agent would perish with the infected animals themselves, 
although calls have been made to monitor the risk of the disease in 
veterinarians [61]. Nevertheless, as BSE outbreaks spread among cows in 
Britain, concerns about the risk of BSE to humans continued. The public 
fear was justified since BSE was acquired orally by cows feeding on 
scrapie-contaminated meat and bone meal, as Kuru was transmitted orally to 
humans in Papua New Guinea by feeding on infected human brains. Also, 
the fact that scrapie agent could go from sheep to cows indicated that it had 
crossed the species barrier and could well infect other hosts beside cattle 
[61]. Subsequent appearance of spongiform encephalopathy in cats and 
other animals that were apparently fed on infected beef added to these fears, 
which were confirmed in 1995 by the diagnosis of an atypical form of  
CJD – the vCJD - in young adults in Britain that was found subsequently to 
be caused by the same strain that caused BSE in cows [23; 26].    

The role of sheep as a source of vCJD remains theoretical. The BSE 
agent has been transmitted experimentally to sheep by injecting them with 
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of scrapie in them in Britain; this led to the speculation that a new “strain” 
of the scrapie agent might have emerged that was highly infectious to cows. 
The disease spread extensively in British cattle, affecting about 54% of 
dairy cows and more than 15% of beef cattle. A total of 2 million cattle have 
probably been infected, including numerous cases that were either 
undiagnosed or went to slaughter before showing clinical symptoms. At the 
peak of the outbreak in 1992-1993, more than 6,000 cows were affected 
monthly. Then, the incidence started to decline in the following years. This 
pattern supported the idea that BSE was an extended common source 
outbreak and was likely to disappear in due course unless it was capable of 
spreading horizontally from one cow to another, in which case it would 
become endemic [54]. Some evidence has been presented suggesting that 
genetic factors may be involved in susceptibility to BSE among cattle [55].     
Several errors in managing the BSE outbreak facilitated its spread 
throughout the UK, including delay in banning the use of animal offal in 
cow feeds, as well as delay in slaughtering sick animals and in prohibiting 
the use of certain animal tissues such as nervous and lymphatic tissue in 
human food. Furthermore, the incubation period of the disease is long, 
averaging 4-5 years, which means that a large number of cattle incubating 
the disease went unnoticed to slaughterhouses.   

Sporadic cases of BSE - all of which in cattle imported from Britain - 
were recorded in several other countries [56]. A large number of cows have 
also been slaughtered in more than 30,000 farms in Britain to bring a quick 
end to the disease which caused tremendous economic losses to the British 
beef and dairy industries.   

BSE is seen in cattle aged 3 - 11 years, with the majority of cases 
occurring at the age of 4-5 years, and there is greater incidence of the 
disease in females compared to males. This is different from scrapie, which 
appears to affect both sexes equally. Abiola et al. [57] studied sex-related 
differences in four strains of mice infected with BSE, in comparison to 
scrapie-infected mice. They reported profound sex-specific effects in the 
course of primary BSE transmission, the disease being much longer in the 
female mice than in males. By contrast, the scrapie incubation period was 
similar in male and female mice in all of the four studied strains.   
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minks soil their cages, step on food and experience difficulty in eating, and 
then become increasingly nervous, aggressive and hyper-excitable by noise. 
They show incoordination of movement, circling, tail arching, tail chewing, 
stumbling and clenching of the jaw. Finally, the affected minks isolate 
themselves and become sleepy, inactive and unresponsive. Usually, they 
stop eating and may die within just one week after the appearance of 
symptoms, but sometimes the disease lasts for about a month before the 
animal dies [43].  

2.3 Chronic Wasting Disease (CWD):  
This disease was described in 1967 in the mule deer (Odocoileus 

hemionus hemionus) and Rocky Mountain elk (Cervus elaphus nelsoni) 
[47]. It is a rare and geographically isolated disease occurring primarily in 
the Rocky Mountain areas in Colorado and Wyoming, and occasionally in 
South Dakota, Nebraska and Oklahoma, in addition to two Canadian states, 
but has not been reported outside the USA and Canada. CWD usually 
affects captive animals but has been reported occasionally in free-ranging 
cervids, including mule deer, white-tailed deer, black-tailed deer and elk. 
The precise source of infection is unknown and no evidence has been found 
to indicate that it is transmitted through food. However, it has been 
suggested that infected captive elk and deer might have been reared in pens 
previously used for housing scrapie-affected sheep, while environmental 
contamination may also play a role in local maintenance of the disease 
among free-ranging animals [48]. CWD appears to be transmitted both 
vertically and horizontally [47]. The affected animals show progressive loss 
of condition and behavior changes. Prior to death, the animals show 
excessive salivation, thirst, polyuria, stumbling and trembling [49-51].  

2.4. Bovine Spongiform Encephalopathy (BSE):  
BSE or "mad cow disease" is the largest epidemic of prion disease 

known. It was described for the first time in British cows in 1987, two years 
after the first clinical cases were recorded in April 1985 [52]. BSE appeared 
in dairy cows fed on a ration composed of meat and bone scrap, as well as 
bone marrow, of scrapie-infected sheep. The feed was apparently highly 
contaminated with the scrapie agent, and was prepared in such a way that 
did not destroy the scrapie agent [53]. At the time of the appearance of BSE, 
there was a significant rise both in the number of sheep and in the incidence 
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Scrapie has been transmitted experimentally to many species of 
domestic and laboratory animals. Like other prion diseases, it has a 
relatively long incubation period, and is usually seen in sheep two or more 
years old. Its clinical signs include nervous symptoms, and the animal 
becomes easily irritated by noise or moving objects. In addition, the animal 
shows severe scratching, and is usually seen rubbing its back against fences, 
or pushing its head against walls or other solid objects and biting its limbs. 
The affected sheep also shows incoordination of movement, stiffness of 
limbs and head and neck tremors. It loses appetite and becomes gradually 
thin and finally dies [33; 34].        

2.2 Transmissible Mink Encephalopathy (TME):  
This disease occurs in minks kept in captivity for the production of fur. 

It was first described in the United States in 1947 on mink ranches in 
Wisconsin and Minnesota, where it killed thousands of minks, resulting in 
severe economic losses. Since then, several TME outbreaks were reported in 
Wisconsin, Minnesota and Idaho, and in several other countries including 
Canada, Finland, Germany, and the republics of the former USSR [41-43]. 
The last major TME outbreak occurred on a mink ranch in Stetsonville, WI, 
in 1985, in which 60% of a herd of 7,300 adult minks died from the disease 
[44]. Currently, however, TME is rarely seen and occurs only as individual 
cases [45]. The disease has also been reported in the Chinese hamster and 
some other rodents [46], but these seem to be accidental hosts.  

TME is virtually limited to minks reared in commercial ranches and has 
not been found in the wild. For that reason, it has been suggested that the 
mink might have contracted the disease as a result of eating contaminated 
feed, such as meat of scrapie-infected sheep. The disease has been produced 
experimentally in minks by intracerebral injection of brain material from 
scrapie-infected sheep and by feeding tissues from infected sheep. It is also 
believed that TME could be transmitted between foxes through biting; 
epidemiological studies also suggest that cattle might be a source of 
infection [43]. There is no evidence, however, that the disease spreads by 
contact between unrelated minks or from mother to offspring.  

TME occurs in both male and female minks, which are usually more 
than 1 year old. The average incubation period is more than 7 months and 
the most important signs of the disease are behavioral changes. At first, the 
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Prion Diseases of Animals 
2.1. Scrapie:  

This is a disease of sheep and goats. It is the first prion disease known, 
and is the prototype of other prion diseases. It is the most extensively 
studied type of prion disease, and much of the information gained on prion 
diseases is based on research on the scrapie agent.   

Scrapie existed in Europe since four centuries. It is believed that it 
appeared first among Merino sheep in Spain in the 15th Century, and from 
there spread to other parts of Europe where it was given different names, 
including "scrapie," "malady of madness and convulsions," "trotting 
disease," "Rida" and "Le Tremblante du moutton" [33]. The disease was 
known in Britain since 1730, and several important outbreaks, sometimes 
lasting for up to twenty years, occurred during the 18th and 19th centuries 
[34]. Scrapie was the first prion disease proven experimentally to be 
transmissible, when Cuillie and Chelle in 1939 [35] transmitted scrapie to a 
goat by intraocular inoculation of scrapie-infected spinal cord. And when it 
was found that CJD was also transmissible, and could be established 
experimentally in chimpanzees, several researchers considered a possible 
link between CJD and scrapie and other forms of TSE's.  

Scrapie exists in most parts of Europe and other countries of the world, 
with the exception of Australia, New Zealand and some parts of South 
America. It is endemic in Britain, especially in certain sheep breeds, such as 
the "Suffolk" in which the infection rate is about 30%. The mode of natural 
transmission of scrapie in sheep is not clear. A major outbreak of this 
disease occurred in sheep following their vaccination against louping ill, a 
viral disease of the central nervous system transmitted by ticks; the vaccine 
was composed of formalin-treated lymphoid tissue, probably contaminated 
with the scrapie agent [15; 36]. This can be regarded as iatrogenic infection. 
It has also been suggested that sheep could be infected by eating the 
placenta of infected ewes, and by contact with contaminated pastures, which 
probably remain contaminated for several years [31; 37; 38]. Onodera et al. 
[39] isolated the scrapie agent from the placenta of scrapie-infected sheep in 
Japan. Parry [40], on the other hand, suggested that scrapie was a genetic 
disease that could be controlled by appropriate breeding.  Despite familial 
incidence, however, there is no clear evidence of vertical transmission [33].  
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1.5. Fatal Familial Insomnia (FFI):  
This disease was first described in some Italian families in 1986, and is 

one of the rarest types of human prion diseases, with an incidence rate of 1 
per 50 million/year. So far, just over 20 kindred and 7 non-familial cases 
have been described worldwide. Nevertheless, like other prion diseases, it is 
attracting increasing attention in the wake of the “mad cow disease" 
epidemic in Britain [4]. FFI is a primarily hereditary prion disease, 
characterized by a mutation at codon 178 of the PrP gene, along with 
methionine polymorphism at codon 129 of the mutated allele [28]. Usually, 
it occurs between the ages of 40 and 60 years, and the affected person may 
survive for 7 to 33 months (average one year) after the onset of symptoms, 
depending on the type of genetic change. Patients who are homozygous for 
methionine at codon 129 have a shorter survival than heterozygous patients. 
One of the most important symptoms of FFI is progressive, incurable 
sleeplessness (insomnia), associated with involvement of the thalamus. The 
patient loses many of the brain functions relating to sleep, and exhibits 
hallucinations, illusions, restlessness, poor memory and inability to 
concentrate. Other symptoms include depression and a wide range of motor 
disturbances such as ataxia, dysarthria, muscle tremors, myoclonus and 
seizures. Profuse sweating, increased heart rate and hormonal disturbances, 
especially growth hormone, prolactin, melatonin and some corticosteroid 
hormones, have also been reported [29]. As in other prion diseases, FFI is 
characterized by the presence of PrPSc in the affected neurons. Some cases 
of sporadic FFI have been described in patients not exhibiting mutation at 
codon 178, and which could be transmitted to animals. These cases have 
been called the "sporadic form of fatal familial insomnia" [29; 30]. 
1.6 Alpers’ Disease: 

Alpers’ disease, or chronic progressive encephalopathy of childhood, is 
an extremely rare, fatal prion disease of infants, characterized by diffuse 
progressive degeneration in the brain cortex, similar to CJD. In addition, 
there is degeneration and fibrosis of the liver. The disease has hereditary 
basis. It has been known since the 1930's, but so far only in very few infants 
and young children. The symptoms include mental disorders and dementia, 
motor disturbances, seizures, partial paralysis and growth retardation or 
early death [31; 32].  
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the United Kingdom between 1980 and 1996 during the occurrence of the 
BSE outbreak among British cattle. Compared to the classical CJD, this 
variant form of the disease affected a much younger age group (median age 
26.5 years), and was characterized by a slower course than CJD (13 months 
versus 7 month) and atypical clinical manifestations. Unlike CJD, in which 
dementia is the most prominent sign of the disease, the early symptoms of 
vCJD involved psychological disturbances such as irritability, depression 
and aberrant behavior, which later gave way to mental disorder and 
neurologic abnormalities including ataxia, dementia and terminal 
myoclonus. On the other hand, the brain showed Kuru-like type of 
pathology, with amyloid deposits and spongiform changes concentrated in 
the cerebellum and base of the brain, and a diffusely abnormal, but non-
diagnostic, electroencephalogram. In view of its unusual, previously 
unknown pattern, vCJD was strongly suspected to be acquired from cows 
infected with the BSE agent [17; 19-22]. In 1997, it was confirmed that the 
prion that causes BSE was the same that causes vCJD [23]. Hence, vCJD is 
sometimes referred to as human BSE. There is no known treatment of vCJD 
and, in common with all other prion diseases, it is invariably fatal.  

1.4. Gertsmann-Straussler-Scheinker Syndrome (GSS):  
This disease was originally described in a German family in 1928 [24; 

25]. It is a very rare disease, with an incidence of 1-10 per 100 million/year 
[26]. Its most important clinical manifestations are incoordination of 
movement and mental disorders. There is involvement of the medulla 
oblongata and brain stem, with consequent ataxia, stumbling, dysarthria, 
swallowing and speech difficulties, amnesia and finally dementia. These 
symptoms are most frequently observed in patients at the age of 20 – 30 
years, but sometimes at older age. GSS is a slowly progressive disease with 
duration ranging from one to ten years. The brain histopathology often 
reveals multicentric plaques rather than spongiform changes  [26]. 

GSS is associated with a heritable mutation in the gene encoding for 
prion, and there are about 50 families worldwide affected with this disease. 
However, the disease has also been transmitted experimentally to animals, 
indicating that transmission occurs both vertically and horizontally [26; 27].   
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from one month to >10 years, but in most cases the patient dies within 6 
months after showing clinical symptoms. Diagnosis is based on clinical 
examination and characteristic changes in electroencephalograph [1].  

Although the annual incidence of the sporadic form of CJD is 1 per 
million or less, there are certain, isolated groups of people in which the 
incidence is much higher, averaging 30 - 40 per million. This is due to the 
fact that about 10-15% of CJD cases have a genetic basis (inherited form). 
Presently, about 100 families worldwide are known to have much higher 
incidence of CJD than the overall average. These include Libyan and 
Tunisian Jews in Israel, Tunisian immigrants in France, and certain families 
in the Orava region in Slovakia, as well as some families from other parts of 
Europe, South America and Japan [15]. It was previously thought that the 
higher incidence of CJD among some of these families was related to their 
eating habits. For instance, the relatively high incidence of CJD among Jews 
of Libyan origin was attributed to their habit of eating sheep brains and eyes 
[16]. Current studies, however, showed the existence of a heritable mutation 
in the PrP-gene of all those exhibiting familial forms of prion disease [15].    

About 1% of CJD cases are due to iatrogenic infection. Several cases 
were recorded following treatment with pituitary hormones extracted from 
human cadavers. In Britain, several people died of CJD after treatment with 
growth hormone collected from pituitary glands taken from soldiers killed 
in World War II. Similarly, in Australia, some patients treated with 
gonadotrophic hormones extracted from human pituitaries collected from 
cadavers succumbed to CJD [17]. Apart from hormonal treatment, 
iatrogenic CJD was also recorded following corneal grafts, meningeal grafts 
and the use of contaminated electrodes during EEC or contaminated surgical 
instruments during brain surgery [1; 18]. Like Kuru, CJD can also be 
transmitted experimentally to monkeys and laboratory animals [1]. 

1.3. Variant CJD (vCJD):  
Although CJD is primarily a disease of old age, a new, zoonotic form of 

CJD, called new variant CJD (nvCJD) or variant CJD (vCJD), was recorded 
in 1995 in young adults in Britain [19; 20]. At the time of preparation of this 
review, a total of 126 cases of vCJD had been reported in the world: 117 
from the United Kingdom, six from France, and one each from Ireland, Italy 
and the USA. Almost all of these patients had multiple-years exposures in 
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could also be transmitted through skin cuts, nose picking, eye rubbing or 
mucosal injury [8]. 

It has been suggested that Kuru might have originated from a single case 
of CJD among the Fore tribe, and was then maintained by cannibalism 
(Eugene Perez, unpublished review) since a nearby tribe that also performs 
cannibalistic rituals did not show the disease.  

The name of Gajdusek, a US scientist who spent many years of his life 
investigating Kuru and the manner in which it is transmitted, comes to the 
mind whenever this disease is mentioned. In the 1950's, he travelled many 
times to Papua New Guinea, and stayed for extended periods with the Fore, 
studying Kuru and sending the brains of dead victims back to his laboratory 
for further investigations [9]. He gathered valuable information on the 
epidemiology of Kuru and proved that it was transmissible by inoculation of 
brain tissues into chimpanzees and other primates, as well as other 
laboratory animals [10]. He was awarded the Nobel Prize in recognition of 
his efforts.             

     It is generally believed that Kuru is now extinct, following laws 
prohibiting cannibalistic rituals, and no new cases have been reported after 
1956. 

1. 2. Creutzfeldt-Jacob Disease (CJD):  
This is the commonest type of human TSE, with an annual incidence of 

about 1 per million. There are different forms of CJD: sporadic, inherited 
and iatrogenic - that is, infections transmitted during treatment or diagnosis. 
CJD was discovered in the 1920’s independently by two German 
physicians, Creutzfeldt [11] and Jakob [12; 13]. In contrast to Kuru, which 
often affects young adults, CJD is typically a disease of the elderly, the 
majority of cases occurring between the age of 50-70 [14].  

At the onset of disease, a CJD patient shows tension or depression and 
insomnia, accompanied by muscle tremors and myoclonus. The patient 
sometimes also exhibits a slight, involuntary jerk, and there is 
incoordination of movement and stumbling. Other symptoms include 
sluggish movement, loss of speech, amnesia, dysarthria and sometimes 
blindness. There is progressive atrophy of the brain and dementia. The 
duration of the disease from the appearance of symptoms to death ranges 
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Human Prion Diseases 
1. 1 Kuru (laughing death):  

This disease appeared in the earlier part of the 20th Century among 
members of the "Fore" tribe, in the Eastern Highlands of Papua New 
Guinea, to the east of the Pacific Ocean. It reached its peak in the 1950's, 
killing several thousands. The disease was associated with cannibalism 
(eating the brain of dead humans) and spread between members of the tribe, 
affecting more women and children than male adults. The name "Kuru" is 
the local name used by Fore people to describe the condition. It means 
"laughing death" in their language because it is accompanied by 

uncontrollable laughter1 [5].   

Kuru is an invariably fatal disease, and like other TSEs it affects both 
mental and motor functions. Its incubation period ranges between 2 - 40 
years, but is usually several years long. However, the clinical course of the 
disease is relatively short – the patient dies within 3 months to one year, at 
the most, after the appearance of symptoms. The symptoms include: 
incoordination of movement, stumbling, muscle tremors, difficulty in 
articulating words, involuntary oscillation of the eyes (nystagmus), 
difficulty to swallow, inability to hold things and finally dementia and  
death [6].  

Kuru spread among the Fore people through cannibalistic rituals. It was 
the practice of the Fore tribe to remove the brains of their dead relatives, 
apparently as an expression of respect to the deceased. This task was 
assigned to women, who gathered with their children, to perform it. The 
women would grind up the brain into a soup, heat it up and eat it [7]. It was 
also mentioned that consumption of the brain might have been dictated by a 
crave for “meat,” since the male adults treated themselves to the flesh of 
wild pigs hunted from the bush, while women and children were denied a 
share. Also the males alone ate the flesh of their deceased relatives. So, 
women were driven by crave for proteins to consume the extracted brains 
and feed their children. They also used to rub their bodies and their 
children’s with the “greasy” brain tissue and consequently, the infection 

                                                           
1 Perez (unpublished review), however, states that Kuru means, "shivering or trembling" in 
the Fore language. 



  
  
  
  

 II. Prion Diseases in Man and Animals              Mansour F. Hussein & Saud I. Al-Mufarrej 

 

  140

Prion diseases, or transmissible spongiform encephalopathies (TSE) are 
peculiar, neurodegenerative disorders that are apparently caused by a 
misfolded "infectious" prion protein, hitherto known as PrPSC or PrPres. 
These diseases are unique in that they are both infectious and inherited. All 
of them are characterized by a long incubation period, followed by 
progressive spongiform degeneration of brain tissue, with consequent 
dementia, motor disorders, paralysis and 100% mortality [2]. The primary 
lesions comprise neuronal vacuolations and loss, especially in the 
cerebellum and cortical parts of the brain stem. These changes are 
accompanied by extensive gliosis, astrocytosis [3] and accumulation of 
abnormal prion protein fibrils in and around the brain cells [4].  

To date, thirteen types of prion diseases have been described in humans 
and different species of domestic and wild animals (Table 1).  
                       

Table ( 1 )  
Human and Animal Prion Diseases 

Disease Host 

Kuru Human 

Creutzfeldt Jacob Disease (CJD) Human (old individuals) 

Variant CJD (vCJD) Human (teenagers; young adults) 

Gertsmann-Straussler-Scheinker Syndrome 
(GSS) 

" 

Fatal Familial Insomnia (FFI) " 

Alpers Disease " (infants) 

Scrapie Sheep and goats 

Transmissible Mink Encephalopathy (TME) Mink 

Chronic Wasting Disease (CWD) Elk; mule deer 

Bovine Spongiform Encephalopathy (BSE) Bovines 

Feline Spongiform Encephalopathy (FSE) 
Domestic and wild cats 
(cheetah, puma, ocelot) 

Exotic Ungulates Encephalopathy (EUE) 
Nyala, gemsbok, kudu, 
eland and oryx 

Spongioform Encephalopathy of Ostrich (?) Red-necked ostrich 
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Abstract: 

To date, a total of 13 prion diseases have been recognized in man and 
animals. The human diseases are: Kuru, Creutzfeldt-Jakob disease (CJD), 
variant CJD, Gertmann-Straussler-Scheinker Syndrome, fatal familial 
insomnia and Alpers’ disease. The animal diseases are: scrapie, transmissible 
mink encephalopathy, chronic wasting disease, bovine spongiform 
encephalopathy, feline spongiform encephalopathy, wild ungulates 
encephalopathy and spongiform encephalopathy of the ostrich. Early 
diagnosis and treatment of these diseases have bewildered the scientific 
community. The fact that the prion protein (PrP) is derived from the host – 
given that PrP is the sole cause of disease - makes it almost impossible to 
develop direct serologic tests and vaccines for the diagnosis and prevention of 
these diseases. At present, diagnosis is largely based on clinical and post-
mortem findings, detection of abnormal prion protein by immuno-
cytochemistry, Western blot, infra-red spectroscopy and biochemical 
examination of cerebraospinal fluid and blood of suspected patients. Methods 
are currently being evaluated for the identification of “capture” agents that 
specifically bind to misfolded prion protein (PrPSC), and for amplification of 
the interconversion of normal prion protein into PrPSC. No treatment is 
available yet for prion diseases, but several candidate drugs are being 
investigated that could prevent PrPSC formation, interfere with its conversion 
and/or metabolism or reverse it into the normally folded, harmless form.        

Introduction: 
During the past few years, considerable advances have been made 

towards better understanding of prion diseases and the development of new 
methods for their diagnosis and treatment. In part I of this review, we have 
described the etiology of these diseases, and the hypothesis that have been 
put forth to explain their nature and propagation. In the second part of the 
review, the clinical manifestations, pathogenesis, diagnosis and treatment of 
different types of prion disease affecting man and animals will be described.   
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higher affinity of metal ions to oxygen than nitrogen atom, which is 
supported form IR spectra.  

Electrical conductivity measurements 
Figure 2 shows the relation between the solid state electrical 

conductivity (log ) and the temperature (1000/T). From the slope of the 
linear part of the plot, the activation energies of ligand (L6) and its 
complexes (16 and 17) are calculated. The resistivities of the metal 
complexes are higher than for the pure ligand while the corresponding 
activation energies are lower. This may be due to the increased electron 
delocalization. The observed activation energy of the complexes (16 and17) 
follow the order Cu+2> Ni+2. 

The trend found depends on the ionic radius of the cation and it’s ligand 
fields strength. The calculated activation energies amount to 2.0, 0.79 and 
0.37ev for ligand (L6), Cu+2 and Ni+2 complexes, respectively. 

The inflection observed can be attributed to a change in conduction 
mechanism. It is assumed that at lower temperatures the conduction process 
is essentially due to the electronic conduction through –electron 
delocalization while the conduction at higher temperatures is due to the 
excitation of an electron from the upermost filled –molecular orbital to the 
lowest unfilled –molecular orbital of these compounds. However, the 
electron is assumed to tunnel to an equivalent empty level of a neighbouring 
molecule in the anodic direction. 

When a potential difference (V) is applied to L6 and its complexes  
(16 and 17), a current (I) can be measured. The current- voltage (I-V) plots 
are linear . Hence ligand (L6) and its complexes obey Ohm’s law i.e. Ohmic 
conduction. 
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spectra show bands within the   19608 - 18868  and 15152 – 14706 cm-1 
ranges assigned to 4T1g  4T1g (P) (3) & 4T1g  4A2g (F) (2) [32] 
respectively. The lowest band (1) could not be observed and is calculated to 
be within the 6898- 7143 cm-1 range. The 2 / 1 values are 2.12- 2.13 
indicating the octahedral structure. The B,  and Dq values are in the ranges 
861 and 889, 0.89 and 0.92 and 783- 800 cm-1 respectively, supporting the 
aforementioned geometry. 

The observed magnetic moment values for the Ni+2 complexes (5, 8 and 
16) are 2.7, 2.82 and 2.71 BM, respectively. The electronic spectra of Ni+2 
complexes show a band within the 14544- 16667 range cm-1 assigned to 
3T1g  3A2g transition indicating octahedral geometry around Ni+2 – ion 
[33]. The Ni(II) complex (10) has diamagnetic character and square planar 
geometry. 

The electronic spectra of Cu+2 complexes (6 and 11) exhibit a broad 
band near 14286 cm-1 suggesting square planar stereochemistry [34]. The 
eff values are 1.83 and 1.9 BM supporting the square planar geometry [35]. 
The other Cu+2 complexes exhibit a broad band at 13889 cm-1 corresponding 
to the distorted octahedral structure [36]. 

X-ray studies 
The molecular structure of some complexes under investigation are 

studied by X-ray powder diffraction. By comparative study of the results 
obtained with the ligands and their chelates, the following can be pointed 
out. With respect to ligand (L3), the peak of the crystalline plane diffraction 
is observed at 2 = 27.4, which can be assigned to the enolic OH (3.2522 
Å) as indicated in the ASTM cards. The dihedral angle is found at 22.1 for 
ligand (L3), but decreases for the chelates. The M-N distance for the 
compounds under investigation is about 2.342 Å while the M-O is 2.05- 1.8 
Å as indicated from the ASTM cards. The valuse are not much different 
from those determined from ir-spectra. The shorter M-O bond distance 
reveals a higher affinity of the metal ions under investigation to oxygen 
compared to the M-N bond supporting the data obtained from the ir-spectra. 
For the ligand (L2) the peak at 2 =28.2 can be assingned to the OH- group 
(3.16 Å). For the Ni+2 complex (5), the M-N bond distance (at 2 =30.55) is 
2.9237 Å and M-O  (at 2 = 37.45) is 2.3993 Å .The data also indicate the 
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Table ( 2 ) 
Band position, band shift and coordination bond length for complexes (4-17) 

 

Compound M 
C=O C=N 

  log r   log r 
 

L2 
(4) 
(5) 
(6) 

 
L3 
(7) 
(8) 

 
L4 
(9) 

(10) 
(11) 

 
L5 

(12) 
(13) 
(14) 

 
L6 

(15) 
(16) 
(17) 

 
 

Co+2 
Ni+2 

Cu+2 

 
 

Co+2 
Ni+2 

 
 

Co+2 
Ni+2 

Cu+2 

 
 

Co+2 
Ni+2 

Cu+2 

 
 

Co+2 
Ni+2 

Cu+2 

 
1665 
1648 
1650 
1650 

 
1670 
1648 
1650 

 
1674 
1644 
1654 
1649 

 
1685 
1648 
1645 
1655 

 
1690* 

- 
- 
- 

 
- 

17 
15 
15 
 
- 

22 
20 
 
- 

30 
20 
25 
 
- 

37 
40 
30 
 
- 
- 
- 
- 

 
- 

1.231 
1.176 
1.176 

 
- 

1.343 
1.301 

 
- 

1.477 
1.301 
1.398 

 
- 

1.568 
1.602 
1.477 

 
- 
- 
- 
- 

 
- 

3.06 
3.13 
3.12 

 
- 

2.88 
2.74 

 
- 

2.68 
2.74 
2.78 

 
- 

2.54 
2.48 
2.68 

 
- 
- 
- 
- 

 
1648 
1593 
1593 
1638 

 
1645 
1630 
1635 

 
1620 
1595 
1595 
1610 

 
1655 
1600 
1625 
1638 

 
1635 
1625 
1600 
1620 

 
- 

55 
55 
10 

 
- 

15 
10 

 
- 

25 
25 
10 

 
- 

55 
30 
17 

 
- 

15 
35 
10 

 
- 

1.741 
1.741 
1.00 

 
- 

1.176 
1.00 

 
- 

1.398 
1.398 
1.00 

 
- 

1.741 
1.477 
1.231 

 
- 

1.176 
1.544 
1.00 

 
- 

2.37 
2.38 
3.5 

 
- 

3.24 
3.50 

 
- 

2.90 
2.89 
3.50 

 
- 

2.37 
2.78 
3.06 

 
- 

3.24 
2.69 
3.50

*enol form (disappearance of C=O band) 
 
Magnetic and Uv- visible spectral  studies 

The Nujol mull Uv-visible  spectra of complexes (1-3) show a broad 
maximum with max at 14925, 15385 and 14815 cm-1 for the Co+2, Ni+2 and 
Cu+2 complexes, respectively. These bands can be assigned to 4T1g 4A2g 
(F), 3A2g  3T1g (F) and 2Eg  2T2g Transitions which are characteristic of 
square planar configurations for Co+2, Ni+2 and Cu+2 complexes [30]. 

The magnetic moments for Co+2 complexes (4, 7 and 9) are 4.4, 4.8 and 
5.1 BM, respectively.  The value for complex (4) is lower than that assigned 
for high spin octahedral Co+2 species (4.8- 5.2 BM) [31]. The Nujol mull 
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For the complexes (11 and 15-17) the hydrazone derivatives act as 
monobasic tridentate ligands coordinating via the azomethine (C=N) and the 
enol =C-O groups. This chelate mode is supported by the disappearance of 
the C=O band with simultaneous appearance of a new band in the 1300-
1280 cm-1 region assigned to (C-O) [28];  the shift of (C=N) to lower 
frequency together with the shift of (N-N) to higher frequency [26] and  
the appearance of new bands in the 470-450 cm-1 and 390-380 cm-1 region 
due to (M-O) and (M-N), respectively [27]. 

Based on the evidence discussed above, the following structures can be 
proposed about the nature of these complexes. 
 

R N

N N

N R

O

H

CuCu
+2 +

Complex (11)

R N

N N

N R

O

H

M

O

N

N R

N

NR

H

Complexes (15-17)  
 

The shift of the C=O and C=N bands due to coordination is further 
utilised for the determination of the coordination bond length [29]. The 
values obtained for the coordination bond length amount to 2.48- 3.13 Å for 
M+2–O= and 2.37- 3.5 Å for the M+2  N= bonds, respectively. However 
the values of the coordination bond length (r) for  the metal oxygen bond are 
slightly lower than those of the metal nitrogen bond for all complexes 
except complexes (4, 5 and 12)  indicating that the metal ions under 
investigation have a higher affinity to oxygen than to nitrogen, ( Table 2.). 
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Structural investigation by IR spectra 
The bonding of the ligands to the metal ions under investigation was 

studied by IR spectroscopy. The IR spectra of the carbohydrazide 
complexes compared to that of the free ligand reveal the disappearance of 
the  C=O band in the spectra of the carbohydrazide complexes (1, 2 and 3). 
Some new bands of medium intensity appear in the spectra of the complexes 
within the 1300- 1230 cm-1 range. These bands can be assigned to the 
stretching mode of the C-O structure [25], formed through enolisation of the 
amide linkage. This indicates that carbohydrazide acts as a monobasic 
tridentate ligand through the oxygen and the nitrogen of NH2 groups as 
follows: 

 

In the complexes (4-10) and (12-14) the hydrazones behave as neutral 
bidentate ligands via the carbonyl and azomethine groups i.e. in the keto 
form. This fact is supported by  the shift to lower frequency of the carbonyl 
group and the split of the (C=N) band into two bands, one band near the 
same position of the free ligand and the other shifted to lower frequency. 
This indicates that one of the C=N groups is involved in the complex 
formation while the other is non coordinated. This is further supported by 
the shift of the (N-N) to higher frequency [26] as well as by the appearance 
of new bands in the 470-430 cm-1, 390-350 cm-1 and 340-320 cm-1 regions 
assigned to (M-O), (M-N) and (M-Cl), respectively [27]. 

The above evidence suggests the following structure for the complexes 
(4-10) and (12-14). 

R N

N N
NH R

H

O

H

M2+

Complexes (4-10) & (12-14)  
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Temperature (0C) 

Fig. (1) : TGA of complexes (11-14) and (17) 
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Figure 1 shows thermograms of some solid complexes under 
investigation. The TGA pattern indicates that the thermal decomposition of 
the complexes involves mainly three stages. The elimination of lattice water 
molecule occurs in the range 25-90 0C (% calc. 2.9 , estimated  2.65) 
whereas the coordinated water molecules were eliminated within the 125-
2750C range (% calc. 6.1-7.8, estimated 5.7-7.4). The chloride content was 
eliminated in the 275-450 0C range with an estimated mass loss  
12.4-16.0 %, calc. 12.4-16.5 %). The final step of the decomposition occurs 
within the temperature range 350-650 0C corresponding to the 
decomposition of the complexes with the formation of the metal oxide (MO) 
as a final product from which the metal content was calculated. These 
values are found in good agreement with the calculated values from the 
suggested formula listed in Table (1). For some complexes the removal of 
chloride and the decomposition of the complexes occurred in one step. 

 On the basis of % loss in weight, the thermal decomposition for the 
complexes can be formulated as: 

MO   [ML] MLCl   ]O)(H[MLCl 650 -3502450 -275
2

225 -125
222      CC 

 

Where L= ligand  and MO = metal oxide 

The thermal stability for the complexes of the same ligand can be arranged 
as Cu+2>Co+2 > Ni+2 complexes. 

For the Cu-complex (11) the thermal decomposition can be formulated as: 
 

i.e the decomposition involves three main steps; the loss of coordinated 
water (% calc.3.1, estimated 2.8), loss of chloride (% calc. 18.5, estimated 
18.0) and the loss of organic ligand with the formation of CuO from which 
the Cu content was estimated (21.2 %).   

For complexes (15-17) the thermal decomposition involves two steps 
from which the mental content was calculated and compared with the values 
listed in Table (1). The thermal decomposition of these complexes can be 
formulated as: 
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Shimadzu X-ray diffractometer model XD-3. The thermogravimetric 
analysis (TGA) was achieved using Du Pont 900 Thermal Analyzer. 

The electrical resistivity was measured using a super Megohmmeter 
(Model RM 170) electrometer. The samples were in the form of discs of 
diameter 13 mm and thickness of 1-3 mm which were pressed under a 
pressure of ca 300 kgcm-2. Good contact area was achieved by liquid silver 
painting on the two opposite surfaces of each disc: The temperature was 
measured in air using Cu-CuNi thermocouple placed close to the sample. 

C,H and N content were performed by the aid of the Perkin Elmer 2400 
analyser. The analyses for metals and halides were carried out by standard 
methods [23]. The melting points of all complexes are higher than 350C. 

Results and discussion 
The stoichiometry of the complexes formed in solution was first 

ascertained by applying the   conductometric titration. The titration curves 
display two defined breaks denoting the possible formation of two types of 
complexes with stoichiometric ratios 1:1 and 2:1 (metal: ligand). The 
titration curves show a gradual increase in conductance with metal ion 
concentration. Isolating the solid complexes and their elemental analysis 
(C,H,N,M and Cl) further supports their stoichiometry. Results of elemental 
analysis are given in Table 1. The composition and emperical formulae of 
the complexes under investigation were further confirmed from the values 
of the molar conductance. The molar conductances in DMF are in 10-18 
(ohm-1 mol-1 cm2) range. The data suggest that the complexes behave as  
nonelectrolytes in DMF [24].  

Structural investigations by thermogravimetric analysis: 
The observed percentage weight loss corresponding to various steps 

namly, loss of water molecules, loss of chloride as well as the metal content, 
in the TGA curves were compared with those calculated in the assumption 
of possible composition of the complexes suggested from the elemental 
analysis and confirmed latter from IR spectral study. 
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Experimental 

All compounds used were of analytical reagent grade (BDH products). 
The arylidene derivatives of carbohydrazide were prepared by refluxing the 
carbohydrazide (0.01 mol) with the appropriate aldehyde [9] (0.02 mol) 
dissolved in EtOH (50 mL) for ca 1h . The products were filtered off, 
washed with EtOH and Et2O and then dried in a vacuum desiccator over 
silica gel. 

The metal complexes were prepared by mixing a hot EtOH solution (30 
mL) of the organic ligands (0.01 mol) with a hot EtOH solution (20 mL) of 
the hydrated metal chloride (0.01 mol). The mixture was refluxed on a water 
bath for 1-2 hrs. On cooling, the complexes separated were then filtered off, 
washed with hot EtOH, and dried over P4O10.[9]. 

The ligands included in the present investigation have the general 
structural formula: 

HN

HN

C

N

N

X

X

O(H2N-NH) 2CO

L1

 
 
Where x= p-OH (L2), 3,4-diOH (L3), p-Cl (L4), p-Br (L5) and p-NO2 (L6). 
 

The Uv-visible spectra (in Nujol) were recorded on a Shimadzu 240 Uv-
visible spectrophotometer and the IR spectra on a Perkin Elmer 683 IR 
spectrophotometer in the 4000-200 cm-1 region using KBr optics. Molar 
conductance measurements were made in DMF using a YSI Model 32 
conductance meter. Magnetic moments were determined by the Gouy 
method (at 25C) and were corrected for diamagnetism using Pascal’s 
constant. The X-ray powder diffraction patterns were recorded using the 
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Abstract: 

Metal complexes formed through the reaction of carbohydrazide and 
some of it’s arylidene derivatives with cobalt (II), nickel (II) and copper (II) 
ions were prepared and characterized by elemental analysis, conductance 
measurements, TGA, IR, electronic absorption spectra, X-ray diffraction, The 
carbohydrazide and it’s derivatives coordinate as mono anion tridentate or 
neutral bidentate ligands. The coordination bond length was determined. The 
results indicate the higher affinity of metal ions to oxygen than nitrogen. The 
solid state electrical conductivity of  selected complexes was also reported. 

Introduction 
Hydrazides, of organic acids have found wide application as 

pharmaceutical agents[1] and in industry [2,3]. The biological activity of the 
compounds is mainly dependent on their molecular structure.  The 
biological and technical importance of hydrazides is generally based on their 
ability to form stable metal chelates [4-20]. Also hydrazides of organic acids 
were found to exhibit antimalarial activity [21] and their chelates could have 
fungicidal effects [22]. In view of the biological significance and diverse 
coordinating behaviour of  hydrazides as well as the semiconducting 
properties of some first row transition elements which found to depend on 
the structure of the complex, it was considered worthwhile to prepare and 
study some of these compounds. 

The aim of the present article is to prepare and characterize cobalt (II), 
nickel (II) and copper (II) complexes with carbohydrazide and some of it’s 
arylidene derivatives. Elemental analysis, conductance measurements, TGA, 
magnetic measurements as well as spectroscopic techniques were used to 
investigate the titled complexes. 
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 تطبیق نموذج إنتقال الكتلة لمحاكاة التنبؤ بتوزیع المحتوى الرطوبي 
  للذرة الشامیة المخزّنة
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Fig 6.  Predicted and measured moisture contents at 8 cm from the wall  of 

the large bin containing corn at 10.0% IMC. 
  

 
Fig 7.  Predicted and measured moisture contents near the bottom of the 

large bin containing corn at 10.0% IMC. 
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Fig 4.  Monthly average moisture content vs. time at two radial 

positions inside the small bin filled with corn at 12.0% IMC  
  

  
Fig 5.  Predicted and measured moisture contents near the surface 

of the large bin containing corn at 10.0% IMC  
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Fig 2.  Monthly average moisture content vs. time at different vertical 

locations inside the small bin filled with corn at 10.0% IMC. 
 
 

 
Fig 3. Monthly average moisture content vs. time at different vertical  

locations inside the large bin filled with wheat at 12.0% IMC. 
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Table   ( 2 ) 
Microbiological Properties of Stored Corn 

 Storage Time (months) 

0 2 4 6 8 10 12 

Aerobic plate count 
Count× 103 per gram 

8.5 10.3 10.5 11.7 22.4 38.2 38.0 

Coliform count 
count  × 102 per gram 

3.7 5.4 9.8 14.1 36.3 195.3 190.3 

Mold and yeast count 
count × 102 per gram 

1.5 
 

1.9 3.7 4.5 7.3 8.5 8.2 

Grain moisture % 10.00 9.45 8.61 9.05 10.27 10.36 10.31 

 

 
Fig 1. Location of sampling points in the experimental bins. 
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N identification number of spatial element at wall surface. 
o identification number of spatial element at the bin center. 
r radial distance (m). 
R radius of the bin (m). 
RH relative humidity (fraction). 
t time (s). 
T ambient air temperature (°C). 
U dimensionless modulus. 
wm,n moisture content of grain at time t (fraction in dry basis). 
w m n

/
,  moisture content of grain at time  “t + t” (fraction in dry basis). 

WE equilibrium moisture content (fraction in dry basis). 
z axial distance (m). 

GREEK 

finite-difference increment. 

angle of bin sector (rad) 

Table ( 1 ) 
Effect of bin size and initial moisture content on average moisture of 

stored corn after one year* 

 
Bin Size 

Moisture contents 
of corn (%) Moisture Difference 

(%) 
Overall Moisture  

Decrease (%) 
Initial Final 

Large 12 10.31 a+ 1.69 14 

Small 12 9.84 b 2.16 18 

Large 10 9.60 c 0.40 4 

Small 10 9.25 d 0.75 7.5 

*Duncan’s Multiple Range Test. 
+Means in a column with the same letter are not significantly different at p = 0.05 level. 
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B constant in Chung’s equation. 
C constant in Chung’s equation. 
Dg mass transfer coefficient of moisture through grain (m²/s).     
E dimensionless modulus. 
F constant in Chung’s equation. 
H height of wheat in the bin (112 cm). 
m identification number of spatial element in axial direction. 
M identification number of spatial element at top surface of grain. 
n identification number of spatial element in radial direction. 
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Corn grains from all storage periods contained slightly high microbial 
count, which did not exceed the scientific standard. After ten months of 
storage, the corn grains exhibited the highest microbial densities, which 
attributed to the high grain moisture content.  

The corn moisture content predicted by the mass transfer model agreed 
very well with measured moisture in the experimental bin. Thus, the model 
developed by Abbouda, et al. (1992b) and the parameter values used in the 
model are applicable for predicting moisture of unventilated stored grain 
under the climatic conditions of Al-Ahsa, Saudi Arabia.                                                             

     Acknowledgment: The authors wish to express their appreciation to Deanship of 
Scientific Research at King Faisal University for providing the financial support for this 
study.  

References 
1. Abbouda, S.K. (1984). Heat and mass transfer in stored milo. Unpublished 

PhD Thesis. Kansas State University, Manhattan, USA.  
2. Abbouda, S.K., D.S. Chung, P.A. Seib, and A. Song (1992a). Heat and mass 

transfer in stored milo. Part I. Heat transfer model. Trans. ASAE 35(5): 1569-
1573. 

3. Abbouda, S.K., P.A. Seib, D.S. Chung, and A. Song (1992b). Heat and mass 
transfer in stored milo. Part II. Mass transfer model. Trans. ASAE 35(5): 1575-
1580. 

4. ASAE Standards (1985). Moisture relationships of grains. ASAE Data: 
D245.4. 30th Ed. St. Joseph, MI. 

5. Casada, M.E. and J.E. Young (1989). Heat and mass transfer during shipment 
of peanuts. ASAE paper No. 89-6105. ASAE, St. Joseph, Mich. 

6. Chung, D. S., and H. B. Pfost (1967). Adsorption and desorption of water 
vapor by cereal grains and their products.  Trans. ASAE 10(4): 549-557. 

7. Hellevang, K.J. and H.J. Hirning (1988). Moisture movement in stored grain 
during summer. ASAE Paper No. 88-6052. ASAE, St. Joseph, Mich. 

8. Holman, L.E. and D.G. Carter (1952). Soybean storage in farm-type bins. 
Agric. Exp. Sta. Bull. No. 553: 451-495. University of Illinois, USA. 

9. Hunt, W.H. and S.W. Pixon (1974). Moisture-its significance, behavior, and 
measurement. In storage of cereal grains and their products, ed. C.M. 
Christensen. St. Paul, MN: Am. Assoc. Cereal Chem. 



 
 
 
 

Scientific Journal of King Faisal University (Basic and Applied Sciences)                         Vol.5  No.2  1425 (2004) 
                        

 

  205

exceed the standard given by Speck (1984). It could be noticed that the corn 
after ten months of storage exhibited the highest microbial densities. This 
could be attributed to the grain moisture content (10.36%) compared with 
other storage periods. After one year of storage under unventilated 
conditioned, germination was slightly reduced from 91.4% to 76.8%. 

Comparison of Measured and Predicted Moisture Contents: 
Predicted and measured grain moisture contents near the surface (104 

cm above the bottom), at 8 cm from the wall, and near the bottom (8 cm 
above the bottom) are plotted in Figures 5, 6, and 7, respectively for the 
large size bin containing corn at 10.00% IMC. The predicted moisture 
contents were from the mass transfer model developed by Abbouda, et al. 
(1992b). The standard error of estimate was 0.065 for corn near the surface, 
0.10 for the corn at 8 cm from the wall, and 0.152 for the corn near the 
bottom of the bin. A close agreement between measured and predicted grain 
moisture contents indicated that the model and the parameter values used in 
the model are applicable for predicting moisture of stored corn grains under 
the local climatic conditions of Al-Ahsa, Saudi Arabia. 

Conclusions 
The grain lost moisture during storage. The average moisture content at 

the end of a one-year period dropped from 10.00% to 9.25% and from 
12.00% to 9.84% for the small bins. For the large bins, moisture content 
dropped from 12.00% to 10.31% and from 10.00% to 9.60%. 

The bin size and initial moisture content caused a significant effect on 
the moisture content during storage. The small bin lost more moisture than 
the large bin over the year. For the same size bin, corn grains with higher 
initial moisture content lost more moisture than that of lower initial moisture 
content. 

Moisture profiles within each individual bin indicated that moisture 
gradients existed both in radial and in axial directions. In the radial 
direction, the moisture contents of stored corn were low near the container 
wall than at the center. In the axial direction, corn at the top surface had 
much lower moisture content than that below the surface layer. The fast 
moisture change near the wall and at the top surface was due to the fast heat 
transfer by natural convection. 
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the top layer. The corn at the bottom of the bin gained more moisture in the 
summer than other seasons and reached the maximum at the beginning and 
near the end of the experiment. 

Figure 3 shows a typical trend between the average moisture contents 
and storage time for a large bin with different initial moisture content at 
different depths. At the top surface, the average moisture content was 
reduced about four points at the end of the experiment. The corn at the 
center lost much less moisture than the top layer. Therefore, a larger 
gradient existed at the top layer, which was about 8 cm thick. 

Figure 4 presents the average moisture content at two radial distances 
for a small size bin with 12.0 % IMC. Obviously, the closer that grain was 
to the wall, the lower the moisture content. The data in the above three 
figures all indicated that moisture was not uniformly distributed within the 
bin. There were gradient existed both in the axial and radial directions. The 
gradient at the top layer was more pronounce than any other place. As 
storage progressed, the grain moisture contents at the top surface and near 
the wall were always lower than other parts. 

Every biological material has its own hydroscopic property. It will 
create an equilibrium vapor pressure at a given temperature and moisture if 
the material is sealed in a container. When grain is exposed to air, it either 
gains or loses moisture depending on the vapor pressure difference between 
grains and air. If the vapor pressure of grains is higher than that of air, it will 
lose moisture and vice versa. In addition to gaining or losing moisture from 
air, biological material like corn also has its own respiration. If the amount 
of water generated from respiration cannot be diffused out, the local 
moisture content will also increase. As mentioned earlier, grain near the 
wall and below the top layer in all experimental bins lost higher moisture 
during storage than other positions. This is because the vapor pressure of 
grains in these positions is higher than that of air.  

Quality Changes in Experimental Bins:   
Grain deterioration may occur under inappropriate storage conditions. In 

this study, corn from all storage periods contained slightly high bacterial 
load, coliform count, and yeast and mold count (Table 2), which did not 
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Samples were taken monthly at the locations described above with a 2 m 
probe. Each sample weighed 10 to 15 gm. The moisture contents were 
determined by drying corn at 103 °C for 72 hrs (ASAE, 1985). 

In addition to monitoring moisture contents, microorganism invasion to 
the stored corn was evaluated. Samples from the three vertical locations 
were collected at the beginning of storage, at the selected time interval 
during storage and at the end of storage. Corn grains were microbiologically 
examined for total bacterial count, coliform count and molds and yeast 
count according to Speck, 1984. 

Results and Discussion 
Moisture Changes in Storage Bins: 

Table 1 presented the average moisture contents for the four 
experimental bins at the end of tests. As mentioned early, there were 13 
points at each cross-section for the large bins and 12 points for the small 
bins. The average in Table 1 was made by first taking weighted average of 
the points at each cross-section, then taking the linear average along the 
axial direction. 

Table 1 indicated that grain lost moisture during storage. The average 
moisture content at the end of a one-year period dropped from 10.00% to 
9.25% and from 12.00% to 9.84% for the small bins. Similarly for the large 
bins, moisture content dropped from 12.00% to 10.31% and from 10.00% to 
9.60%. Bin size and initial moisture content significantly affected the 
moisture differences between the initial value and the final value. For the 
same size bin, the higher the initial moisture, the more moisture the grain 
would lose. If the initial moisture content was the same, the moisture 
reduction in small size bins was higher than that in the large bins on an 
average basis. In other words, the moisture in small size bins reaches 
equilibrium faster than that in large bins. 

The typical monthly moisture contents in the small size bin filled with 
corn at 10.0 % IMC are shown in Figure 2. Each individual curve represents 
the average moisture at specific depth. The moisture content of corn at the 
top layer (about 8 cm thick) continued to drop after one month of storage 
and was significantly lower than other parts of the bin. Corn moisture 
content at the middle (61 cm above the bottom) lost much less moisture than 
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Following the same procedure, the equations for the five remaining 
elements, (0,0), (0,n), (M,0), (M,N), and (0,N), were developed similarly 
and reported by Abbouda (1984). 

Adding the water generated from corn respiration further refined the 
previous model. The moisture generated was assumed to be equal to the 
percent of dry matter loss multiplied by 0.6, because oxidization of 1 gm of 
glucose release 0.6 gm of water theoretically. A similar kind of approach 
was used by Thompson (1972) in his study. The percent of dry matter loss 
was determined using the same equation as in the heat transfer model 
developed by Abbouda, et al. 1992a. 

Materials and Methods 
Four cylindrical, leak-proof steel bins of the same height (128 cm), but 

of two different diameters, were used and placed outdoors on concrete floor 
from March 6, 2001 to March 7, 2002 in the research station of King Faisal 
University, Al-Ahsa, Saudi Arabia. The diameters of the two bins were 142 
cm and 76 cm, respectively.  

Corn from the local market was divided into two lots. Lot 1 was 
originally with 12.00% moisture content and 46 °C temperature. Lot 2 was 
conditioned to 10.00% moisture content and 46 °C temperature. Two bins (a 
large one and a small one) were filled with corn from lot 1. The other two 
bins were filled with corn grains from lot 2. All bins were filled up to 112 
cm height. 

The measurement points for moisture in the radial direction were 
assigned for each bin. Measurement points were located at the radii of r = 0, 
31.5, and 63 cm for the large bins, and 10 and 30 cm for the small bins (Fig. 
1). There were 6 sampling points along the circle of each radius, except for r 
= 0. Therefore, at each cross-section, there were 13 points for the large bins 
and 12 points for the small bins. In the vertical axial direction, the 
measurement points were positioned at 8 cm, 61 cm and 104 cm above the 
bottom of the bin. The total number of sampling points was 39(13 × 3) for 
the large bins and 36 (12 × 3) for the small bins.  
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It was assumed in the boundary condition (i.e. equation 2) that there was 
no mass flow across the center axis. Thus, the predicted moisture content for 
a center element (m, 0) is: 
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 At the top surface of the grain bin, the predicted moisture content of 
an element (M, n) is: 
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 The equilibrium moisture content (WE) in equation (5) was 
calculated using Chung’s equation (ASAE, 1985): 
 
                 WE B F T C RH   .ln[ ( ).ln ( )]                                            (11) 
 
Where Chung’s constants for corn are: B = 0.33872, F = 0.05897, C = 
30.205°C. 
 The moisture content of an element at the wall is predicted by: 
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conditions. The model is based on the following partial differential equation 
of mass transfer in two-dimensional cylindrical coordinate: 
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The boundary conditions were assumed to be: 
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In a heat transfer model, a sector of cylindrical steel bin was divided into 

a finite number of spatial elements in the axial and radial directions 
(Abbouda, et al. 1992a). Heat balance equation was applied to each element 
to derive the equations for predicting grain temperatures. In the mass 
transfer model, similar approach was taken to convert partial differential 
equation 1 into a finite difference form for predicting moisture. 

Assuming that the mass transfer coefficient is a constant, the predicted 
moisture content of an interior element (m, n) at the end of time interval 
( )t t  is expressed as (see nomenclature for symbol definitions): 
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(1975) simulated moisture changes in wheat storage under the influence of 
weather temperature variation. They found that the range of seasonal 
changes in grain moisture content decreased as the distance from wall 
increased. Tanka and Yoshida (1984) developed a simulation model for heat 
and moisture transport mechanisms in a grain storage silo. They used the 
mass fraction of water vapor as a dependent variable. Nguyen (1986) 
developed a two-dimensional, transient model to describe moisture 
migration in stored grains due to the natural convection. He showed that 
natural convection currents are strong during daytime and weak during 
nighttime when conduction is a dominant mode of heat transfer. Casada and 
Young (1989) developed a finite difference model to predict the heat and 
moisture transport in shelled peanuts. The rate of grain moisture change was 
simulated through a thin layer drying equation, which assumed convective 
mass transfer from the grain surface. They reported that such an approach 
caused difficulty with maintaining a proper moisture balance between the air 
and peanuts. Smith and Sokhansanj (1990) developed a natural convection 
heat transfer model in which the density of air was assumed to be a function 
of temperature and absolute humidity. Their calculations of the moisture 
contents were based on the drying rate equation with constant relative 
humidity without involving transport phenomena and basic principle of 
moisture conservation. Khankari, et al. (1994 and 1995a) developed two 
numerical models to simulate the moisture migration process by using the 
sorption isotherm concept in the transport equations. Abbouda, et al. 
(1992b) developed a two-dimensional, finite difference model to simulate 
milo moisture distribution in a cylindrical steel bins under unventilated 
storage conditions. Their model showed good agreement with experimental 
results.       

The objectives of this study were: (1) to test the applicability of the mass 
transfer model developed by Abbouda, et al. (1992b) under the weather 
conditions of the Eastern Province of Saudi Arabia and (2) to observe the 
moisture changes of corn grains stored in cylindrical steel bins as the 
ambient air temperature, initial moisture content, and bin size varied. 

Mathematical Model 
The mathematical model previously developed by Abbouda, et al. 

(1992b) was applied and validated in this study under Saudi Arabia 
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contents of stored grains to unsafe level due to migration or redistribution of 
moisture within the storage. Under certain conditions, localized increase in 
moisture content results in an environment conducive to growth of storage 
fungi as well as accelerated growth of insects, which sometimes produce 
toxins that make the grain hazardous for human consumption. The 
qualitative and quantitative nature of moisture migration can vary with the 
kind and quality of stored grain, size and shape of storage facilities, initial 
temperature and moisture content of the grain, and the local climatic 
conditions. Therefore, the proper design and management of storage require 
understanding and prediction of moisture distribution under different grain 
and climatic conditions (Khankari, et al. 1994 and 1995a). 

Moisture will transfer by convective air currents in a grain mass with 
uniform moisture content, if temperature gradient exists in the mass. 
Holman and Carter (1952), in their study of farm-type steel bins, found that 
the degree of moisture migration depended on initial moisture content 
(IMC) and was slower in small bins than large bins. Schmidt (1955) 
reported considerable moisture migration that generally depending on 
harvesting time. Hellevang and Hirning (1988) conducted a field study on 
16 storage bins of various sizes during April through August. They observed 
an average decrease of 2.56% moisture content at the top surface with an 
average increase of 0.45% moisture content at depths of 0.6 - 1.8 m below 
the top surface.  

Experimental studies of moisture distribution are labor cost, and time 
intensive, and can yield only specific information related to the local 
experimental conditions. In addition to this, lack of reliable and inexpensive 
humidity sensors make the field studies of moisture distribution very 
difficult. In such a situation, well-validated computational models can make 
qualitative and quantitative estimates of moisture and temperature 
distribution in stored grains, which in turn, can help in improving the 
understanding of moisture migration behavior under different grains and 
climatic conditions (Khankari, et al. 1995b).  

Many researchers have studied the movement of heat and moisture in 
stored grains. But most work has been dealing with drying or aeration 
problems where forced ventilation exists (Hunt and Pixon, 1974). Lo, et al. 
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Abstract: 
The two-dimensional finite difference model, developed by Abbouda, et 

al. (1992b), was applied to predict the moisture changes of corn grains stored 
in vertical standing, cylindrical steel bins. The water generated by respiration 
of corn was incorporated into the model. A comparison between the predicted 
and the measured moisture data made validation of the model. In general, they 
were in good agreement for a test period of one year. Results indicated that 
the model and the parameter values used in the model are applicable for 
predicting moisture of unventilated stored grain. 

 The grain lost moisture during storage. The average moisture content at 
the end of a one-year period dropped from 10.00% to 9.25% and from 12.00% 
to 9.84% for the small bins. For the large bins, moisture content dropped from 
12.00% to 10.31% and from 10.00% to 9.60%. Bin size and initial moisture 
content caused significant effects on the moisture changes and corn grains 
quality under the unventilated environmental conditions of Al-Ahsa, Saudi 
Arabia. 

Introduction 
Cereal grains and their products are hygroscopic in nature, i.e., they will 

sorbs moisture from or give it up to the surrounding atmosphere until they 
are in equilibrium with it. Each grain displays a characteristic water vapor 
pressure at a given moisture content and temperature. If the vapor pressure 
of the moisture in the grain is above that in the ambient air, the grain will 
lose moisture to the air until its vapor pressure approaches that of the air 
(Chung and Pfost, 1967). But above all, moisture content is regarded as the 
single most important quality related property of grain. Grain can be stored 
at low moisture for long periods without spoilage because of the lower rates 
of growth and development of microorganisms, insects, and mites as well as 
lower rate of chemical and physical activities (Hunt and Pixon, 1974). 
Seasonal variations in ambient temperatures can cause safe moisture 
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 تأثیر التسمید الحیوي تحت معدلات مختلفة من التسمید النیتروجیني 
 (.Oryza sativa L)على نمو وإنتاجیة الأرز الحساوي 
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The direct yield components (spikes/m2, grains/spike and 1000-grain 
weight) were not significantly intercorrelated but they were all highly 
significantly correlated with rice yield. These results are in good accordance 
with those reported by Ibrahim (1995). 

Conclusions: 
Bio-fertilization combined with different levels of nitrogen fertilizer 

application significantly affected the growth and yield components of 
Hassawi rice. Bio-fertilization plus the application of nitrogen fertilizer at a 
rate of 180 kgN/ha increased grain yield significantly in both years and so it 
can be recommended for Hassawi rice in Al-Hassa region 

 
Table  ( 3  )  

Correlation of plant characters, grain yield/ha and its attributes  
(Data over treatments and seasons) 

Characters 1 2 3 4 5 6 7 8 

1- Grain yield/ha - 0.65* 0.76** 0.81** 0.85** 0.87** 0.88** 0.85** 

2- Plant height - - 0.83** 0.72* 0.68* 0.83** 0.80** 0.23 

3- Flag leaf area - - - 0.66* 0.82** 0.86** 0.88** 0.87** 

4- Number of 
tillers/m2 

- - - - 0.88** 
-

0.76** 
0.70** 0.17 

5- Number of 
spikes/m2 

- - - - - -0.42 0.39 -0.58 

6- Spikes length  - - - - - - 0.81** 0.85** 

7- No. of filled 
grains/spike 

- - - - - - - -0.37 

8- 1000-grain 
weight 

- - - - - - - - 

* Significant at (0.05)               ** significant at ( 
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Tabl ( 2 ) 
Number of filled grains/spike, tillers/m2, 1000-grain weight and grain yield as 
affected by bio-fertilization and nitrogen fertilizer applied at different levels in 

2000 and 2001 seasons 

Treatment 

No. of filled 
grains/ spike 

Tillers/m2 
1000-grain 

weight (gm) 
Grain yield 

(ton/ha) 

2000 2001 2000 2001 2000 2001 2000 2001 

Bio-fertilization

Without 
BF(Control) 

70.57 74.3 397 404 19.5 19.9 17.2 19.7 

With BF 80.7 82.2 434 450 22.0 23.1 26.3 26.7 

N-LSD 
(0.05) 

4.21 3.34 23.6 20.2 1.9 2.3 4.96 7.22 

Nitrogen fertilizer  (kg/ha) 

90 72.2 75.8 405 412 20.4 21.1 18.3 20.1 

135 76.7 78.3 414 431 20.9 21.5 22.9 23.7 

180 78.9 80.6 428 438 21.0 21.9 24.1 25.8 

N-LSD 
(0.05) 

1.42 1.91 12.3 4.3 0.4 0.3 1.74 1.31 

In general, the correlations of the characters were of the same relative 
order each year (Table 3). Correlations in 2000 were generally lower than in 
2001 because of rank growth of plant characters, which tended to decrease 
values of grain characters.  

The results of correlation between plant characters, grain yield/ha and its 
attributes presented in Table 3 are based on the average of the two years, 
two bio-fertilization treatments and three nitrogen fertilizer levels. Three 
indirect yield components (plant height, flag leaf area and number of 
tillers/m2) were highly correlated to yield of rice plants. Flag leaf area was 
the only indirect yield component correlated to 1000-grain weight. The 
indirect yield components were integrated in growth and increases in growth 
were responsible for increases in yield and two of its components i.e. 
spikes/m2 and grain/spike.  
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Table  ( 1 ) 
Flag leaf area, plant height, number of spikes/m2 and spike length as affected  

by bio-fertilization and nitrogen fertilizers applied at different 
levels in 2000 and 2001 seasons 

Treatment 

Flag leaf area 
(cm2) 

Plant height 
(cm) 

Spikes/m2 
Spike length 

(cm) 

2000 2001 2000 2001 2000 2001 2000 2001 

Bio-fertilization (BF)

Without 
BF(Control) 

18.6 20.3 60.7 64.2 356 368 18.8 19.1 

With BF 23.7 25.7 79.3 86.7 414 416 21.0 20.7 

N-LSD 
(0.05) 

1.3 2.5 13.4 9.7 12.4 39.2 1.2 0.9 

Nitrogen fertilizer (kg/ha) 

90 19.0 21.2 65.9 72.2 368 375 18.0 18.2 

135 21.6 23.4 71.6 74.8 388 396 20.5 19.8 

180 22.9 24.4 72.5 79.4 399 405 21.2 21.7 

N-LSD 
(0.05) 

0.3 0.4 0.8 1.4 10.0 8.0 1.2 1.3 

The data presented in Tables 1 and 2 show that flag leaf area, plant 
height, number of spikes/m2, spike length, tillers/m2,1000-grain weight, 
number of filled grains/spike and grain yield/ha were significantly affected 
by added nitrogen fertilizer levels in both seasons. Higher values for all 
traits were obtained with 180 kgN/ha (Tables 1 and 2). The yield was 
significantly superior to 135 kgN/ha. The lowest yield was found under 90 
kgN/ha in both seasons. Singh et al., (1983) observed a gradual increase in 
the yield of rice as the levels of nitrogen fertilizer increased to120 kgN/ha.  
Addition of 180 kgN/ha significantly recorded maximum values for all 
growth attributes, yield and yield components. The increase in grain yield 
due to increases in nitrogen fertilizer levels may be attributed to increases in 
spikes/m2, grains/spike and 1000-grain weight. The results confirm those 
obtained by Bhattacharyya and Singh (1992), Prasad et al. (1992) and Kalita 
and Sarmah (1992). 
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Azotobacter was inoculated at the rate of 3 kgDW/plot a week after 
transplanting. Azospirillum and cyanobacteria were added before 
transplanting by inoculation of the bacterial suspension with soft soil before 
irrigation. The nitrogen fertilizer was applied in two equal splits, one half 
was added two weeks after transplanting and the other half was added 30 
days later. 

At maturity an area of 25  20 cm was harvested randomly from each 
plot for determination of flag leaf area and plant height. Flag leaf area was 
measured using a leaf area meter (Licor, Model 3100, LICOR Ltd. Lincoln, 
NE). Ten plants from guard rows were randomly selected from each plot to 
determine the number of spikes/m2, spike length (cm), number of filled 
grains/spike, 1000-grain weight (g). In addition, the sun-dried biomass of 
the crop in one square meter of each plot was threshed manually, and the 
grain yield was recorded and then converted to tons/ha. 

The data were statistically analyzed using analysis of variance according 
to the procedures outlined by Cochran and Cox (1957). The new Least 
Significant Differences (N-L.S.D.) was used to compare treatment means 
(Steel and Torrie, 1996)  

Results and Discussion 
Bio-fertilization had significant effects on growth, yield and yield 

components in both seasons (Table 1). Bio-fertilization (the combination of 
cyanobacteria, Azospirillum and Azotobacter) produced maximum values of 
flag leaf area, plant height, number of tillers/m2 and number of filled 
grains/spike, 1000-grain weight and grain yield in both seasons. The 
beneficial effect of bio-fertilization in increasing rice yield and its 
components may be attributed to an additional amount of nitrogen made 
available by biological fixation of nitrogen by organisms of the rhizosphere. 
This nitrogen have helped in improving growth and hence increased leaf 
area that intercept light and increased photosynthetic rates resulting in the 
accumulation of more dry matter by the crop (Rekhi et al., 2000). The 
results substantiate the findings of Nayak et al. (1986) and Wang (1986) as 
well as Abou-Zeid et al. (1996). It appears that any deficiency in fertilizer – 
derived N in the soil was corrected by biological nitrogen fixation, resulting 
in a stable response across all nitrogen application rates. 
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bio-fertilization could provide a better alternative for the extensive use of 
nitrogen fertilizers in rice production. 

This study was initiated to assess the effect of bio-fertilization of rice 
crop in the presence of different nitrogen fertilizer levels on plant  growth 
and grain yield. 

 Materials and Methods 
A field trail commencing in 2000-2001 was continued for two 

consecutive years, i. e. up to 2001-2002 on a Typic Torrispamments soil of 
the research farm of  the Agricultural and Veterinary Training and Research 
Station of King Faisal University, Al-Hassa, located at 25 40 N latitude, 
49 46 E longitude and 137 m above sea level, in the Eastern Province of 
the  Kingdom of Saudi Arabia. The climate of the area is arid subtropical, 
with dry hot summers and cold winters. The average annual rainfall is 66.6 
mm, and nearly 95% of the total rainfall is received during the winter 
season. The average monthly minimum and maximum temperatures 
fluctuate from 6.7 to 9.6 and 17.6 to 25.7C in January (the coldest month), 
and from 20.2 to 23.2 and 38.1 to 42.5C in July (the hotest month) 
respectively. 

The soil of the experimental site was a sandy loam (15% clay, 18.5% 
silt, 64.5% sand) with EC = 3.5 dS/m, pH = 6.7 amd CaCO3 = 8.7. The 
experiment design was split plot with four replicates. The main plots (20  
50 m) included 3 treatments of nitrogen (90, 135 and 180 kgN/ha) in the 
form of urea (46% N) while The sub-plots (10  50 m) included the 2 bio- 
fertilization treatments namely: no bio-fertilization “control” and bio-
fertilization (a combination of cyanobacteria, Azospirillum and 
Azotobacter). The cyanobacteria, Azospirillum and Azotobacter bacteria 
were isolated from rice fields in Al-Hassa area. 

The experimental field was well prepared and calcium superphosphate 
(15.5% P2O5) at a rate of 100 kg P2O5/ha was added on the dry soil before 
ploughing. 45 days old seedlings were transplanted at a rate of 4 - 5 
seedlings/hill. There were 25 hills/m2, and 2 - 3 cm of standing water. Other 
cultural practices of growing rice were adopted as recommended except the 
factors under study. 
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1989; Roth and Fox, 1992 and Gordon et al., 1993). This situation can lead 
to an increase in the level of nitrate contamination of potable water, because 
nitrate remaining in the soil profile may leach to groundwater (Singh et al., 
1995).  

Some bacteria that are associated with the roots of crop plants can 
induce beneficial effects on their hosts and often are collectively referred to 
as PGPR (Plant Growth Promoting Rhizobacteria) (Vermeiren et al., 1999). 
The biological fixation of nitrogen produced by these organisms can 
constitute a significant and ecologically favorable contribution to soil 
fertility(Vlassak et al., 1992). However, the low efficiency of use of fixed 
nitrogen by the plant in the formation of grain protein could be a limitation 
(Vlassak et al., 1992). Therefore, more attention must be given to the use of 
bio-fertilization.  Several authors have studied the effect of bio-fertilization 
on rice growth and development (Singh et al., 1988; Yanni, 1992; Hammad, 
1994 and Nayak et al., 1986) and concluded that inoculation of Azospirillum 
10 days after transplanting of rice significantly increased flag leaf area, plant 
height, spike weight and number of grains/spike. Similar conclusions were 
reported by Singh et al. (1992) and Wang (1986) who observed that Azolla 
biomass in the soil increased rice stem height by 7.5 cm and the number of 
spikes/hill by 2.0 over the control. 

It is well known that nitrogen fertilization plays a significant role in 
improving rice yield. A high rate of nitrogen application increases leaf area 
development, improves leaf area duration after flowering and increases the 
overall crop assimilation and thus contributing to increased seed yield 
(Surendra et al., 1984). Hussein and Radwan, (2001), Bassal et al., (1996) 
and Kreem (1993) found that increasing nitrogen application rates increased 
number of tillers/hill, number of filled grains/spike, 1000 grain weight and 
grain yield. El-Kalla et al. (1988) concluded that increasing nitrogen 
application rates up to 75 kgN/ha increased plant height, flag leaf area, 
1000-grain weight, spike weight and grain yield. Abd El-Rahman et al. 
(1992) indicated that the application of 144 kgN/ha produced higher spike 
length, 1000-grain weight, number of grains/spike and grain yield.  

Several research groups, have compared the effects of biological and 
chemical fertilization in the flooded rice system (Mathar et al., 1981, Khadr 
et al., 1985 and Jeyaraman and Purushothaman, 1988)  and reported that 
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and Grain Yield of Hassawi Rice (Oryza sativa L.) 
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College of Agricultural and Food Sciences, King Faisal University. 
Al-Hassa, Kingdom of  Saudi Arabia  

 
Abstract  

A field experiment was conducted at the Agricultural and Veterinary 
Training and Research Station of King Faisal University, Al-Hassa, Kingdom 
of Saudi Arabia during 2000 and 2001 seasons to study the influence of bio-
fertilization (Control, cyanobacteria, Azospirillum and Azotobacter isolated 
from Hassawi rice fields in Al-Hassa) and different levels of nitrogen 
fertilizers (90, 135 and 180 kgN/ha) on growth, grain yield and its 
components of Hassawi rice (Oryza sativa L.). A split plot design with five 
replicates was used. Nitrogen fertilizer levels represented the main plots and 
bio-fertilization represented the sub-plots. 

The combination of bio-fertilization and  nitrogen fertilization at a level 
of 180 kgN/ha exceeded all other treatments in flag leaf area, plant height, 
number of spikes/m2, number of filled grains/spike, 1000-grain weight and 
m2grain yield in both seasons. Increasing nitrogen fertilizer rates up to 135 
kgN/ha, produced maximum values of flag leaf area, plant height, number of 
spikes/m2, number of filled grains/spike, 1000-grain weight and grain yield in 
both seasons.  

The study recommends the use of bio-fertilization (cyanobacteria + 
Azospirillum + Azotobacter) along with nitrogen fertilization at a rate of 180 
kg N/ha for Hassawi rice production in Al-Hassa area.  

Introduction: 
Rice (Oryza sativa L.) is the staple diet of over 40% of the world’s 

population making it the most important food crop currently produced 
(Yadav et al., 2000). Amongst many others, the nutritional requirements of 
the crop are considered to be the most important factor affecting yield and 
they go far beyond the natural capacity of any soil type (Ahlawat et al., 
1998). Hence, big amounts of chemical fertilizers must be added to the soil 
where rice is grown. Excessive application of fertilizer nitrogen can result in 
a high soil nitrate concentration after crop harvest (Jokela and Randall, 
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  على :تأثیر مواعید الزراعة ومستویات النیتروجین والتسمید الحیوي 
  . صفات النمو في بنجر السكر1
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3- Effect of bio-fertilization treatments: 
The results presented in Tables (1, 2 and 3) show the effect of bio-

fertilization treatments on growth characters indicate that treated sugar beet 
seeds with bio-fertilzation, i.e. Cerialine and Rhizobacterin caused a 
significant increase in all growth characters, i.e. root fresh and dry weights, 
LAI, CGR, RGR and NAR in both samples and both seasons. Also, results 
showed that the highest measurements were achieved from treating seeds 
with Rhizobacterin. Such superiority in growth characters by treating seeds 
by Rhizobacterin inoculation may be attributed to N2-fixation which reduce 
the soil pH especially in the rhizosphere, thereby increase the availability of 
most essential macro- and micro-nutrients. The results of the present 
investigation are in harmony with those obtained by Sprenat (1990), 
Abdulla (1999), Abo El-Goud (2000) and El-Zeiny et al. (2001). 
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Table  ( 3 ) 
Averages of leaf area index, CGR, RGR and NAR as affected by planting dates, 
nitrogen levels and bio-fertilization treatments during 1998/99 and 1999/2000 

seasons 

Characters Leaf area index CGR 
RGR 

NAR 

Seasons 98/1999 1999/2000 98/99 99/2000 98/99 99/2000 98/99 99/2000

Treatments 
120 
days 

150 
days 

120 
days 

150 
days 

120 
days 

150 
days 

120 
days 

150 
days 

120 
days 

150 
days 

A- Planting dates 

15 Sept 
1 Oct 

15 Oct 
1 Nov 
F test 

LSD 5% 

3.7 
5.2 
5.7 
4.9 
** 
0.1 

4.9 
5.6 
6.0 
5.3 
** 

0.07 

3.7 
4.6 
4.6 
3.6 
** 

0.08 

4.5 
5.0 
5.1 
4.3 
** 

0.06 

1.499 
1.649 
1.783 
1.465 

* 
0.036 

1.420 
1.546 
1.734 
1.436 

* 
0.040 

0.136 
0.150 
0.152 
0.142 

* 
0.002 

0.144 
0.153 
0.156 
0.143 

* 
0.002 

4.70 
4.72 
4.80 
4.62 

* 
0.02 

4.79 
4.75 
4.83 
4.61 

* 
0.02 

B- Nitrogen levels 

0 kg N/ha 
45 kg N/ha 
90 kg N/ ha 
135 kg N/ha 
180 kg N/ha 

F test 
LSD 5% 

3.3 
4.2 
4.8 
5.5 
6.4 
** 

0.14 

4.2 
5.0 
5.3 
6.1 
6.8 
** 

0.08 

2.4 
3.7 
4.5 
4.9 
5.3 
** 

0.17

3.3 
4.2 
4.9 
5.3 
6.0 
** 

0.07 

1.191 
1.420 
1.594 
1.764 
2.027 

* 
0.040 

1.147 
1.360 
1.546 
1.680 
1.941 

* 
0.045 

0.121 
0.137 
0.147 
0.155 
0.164 

* 
0.002 

0.126 
0.140 
0.150 
0.161 
0.169 

* 
0.002 

4.39 
4.57 
4.73 
4.83 
5.02 

* 
0.02 

4.39 
4.59 
4.77 
4.90 
5.07 

* 
0.02 

C- Bio-fertilization treatments 

Control 
Cerialine 

Rhizobacterin
F test 

LSD 5% 

4.5 
5.0 
5.1 
** 

0.05 

5.2 
5.5 
5.7 
** 

0.09 

3.9 
4.2 
4.4 
** 

0.05

4.5 
4.7 
5.0 
** 

0.04 

1.513 
1.606 
1.679 

* 
0.027 

1.446 
1.535 
1.624 

* 
0.029 

0.141 
0.145 
0.149 

* 
0.001 

0.146 
0.149 
0.153 

* 
0.001 

4.65 
4.70 
4.79 

* 
0.01 

4.68 
4.74 
4.82 

* 
0.01 

 
Sugar beet plants growing without nitrogen fertilization (control 

treatment) were induced the lowest growth characters for the two samples in 
both seasons. Similar results were recorded by other workers including 
Sayed (1988), El-Shafei (1991), Sorour et al. (1992), Neamat-Alla (1997), 
Shareif et al. (1997), Seaada (1998) and Mahasen-Fahmi (1999). 
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fresh and dry weights, foliage fresh and dry weights, LAA, CGR, RGR, and 
NAR) at the two samples in both seasons.  
 

Table  ( 2 ) 
Averages of foliage fresh weight (g /plant) and foliage dry weight (g /plant as 

affected by planting dates, nitrogen levels and bio-fertilization treatments at 120 
and 150 days from sowing during 1998/99 and 1999/2000 seasons 

Characters Foliage fresh weight (g /plant) Foliage dry weight (g /plant) 

Seasons 98/1999 1999/2000 98/1999 1999/2000 

Treatments 
120 
days 

150 
days 

120 
days 

150 
days 

120 
days 

150 
days 

120 
days 

150 
days 

A- Planting dates 

15 Sept 
1 Oct 

15 Oct 
1 Nov 
F test 

LSD 5% 

279.5 
415.7 
448.4 
371.3 

** 
6.3 

395.7 
469.2 
515.1 
429.1 

** 
7.9 

323.7 
415.5 
436.5 
317.3 

** 
9.3 

381.5 
471.1 
485.3 
364.8 

** 
9.5 

39.8 
57.5 
65.2 
52.4 
** 
0.8 

55.4 
66.1 
73.1 
62.2 
** 
1.0 

41.6 
52.7 
57.7 
41.9 
** 
1.2 

50.9 
62.6 
62.7 
50.0 
** 
1.2 

B- Nitrogen levels 

0 kg N/ha 
45 kg N/ha 
90 kg N/ ha 
135 kg N/ha 
180 kg N/ha 

F test 
LSD 5% 

185.3 
269.9 
364.9 
463.6 
609.9 

** 
7.0 

240.3 
324.4 
427.8 
558.2 
711.1 

** 
8.8 

150.3 
269.6 
385.4 
487.9 
572.9 

** 
10.4 

211.4 
303.8 
421.4 
533.4 
658.4 

** 
10.7 

29.9 
40.8 
52.4 
64.0 
81.5 
** 
0.9 

38.7 
49.3 
61.7 
78.1 
93.2 
** 
1.1 

22.3 
38.4 
51.1 
62.1 
68.6 
** 
1.3 

32.7 
44.3 
56.9 
67.7 
81.2 
** 
1.3 

C- Bio-fertilization treatments 

Control 
Cerialine 

Rhizobacterin 
F test 

LSD 5% 

338.7 
379.4 
418.1 

** 
5.3 

405.8 
450.9 
500.4 

** 
5.2 

327.6 
371.0 
410.9 

** 
5.5 

391.8 
417.1 
468.0 

** 
5.3 

48.1 
54.3 
58.7 
** 
0.8 

58.3 
64.3 
69.9 
** 
0.8 

44.1 
48.2 
53.3 
** 
0.7 

53.0 
55.4 
61.2 
** 
0.8 
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by Lopez and Castillo (1982), Badawi (1985), Badawi et al. (1995) and 
Ghonema (1998). 
 

Table  ( 1 ) 
Averages of root fresh weight (g/plant) and root dry weight (g/plant as affected by 
planting dates, nitrogen levels and bio-fertilization treatments at 120 and 150 days 

from sowing during 1998/99 and 1999/2000 seasons 

Characters Root fresh weight (g /plant) Root dry weight (g /plant) 
Seasons 98/1999 1999/2000 98/1999 1999/2000 

Treatments 
120 
days 

150 
days 

120 
days 

150 
days 

120 
days 

150 
days 

120 
days 

150 
days 

A- Planting dates 
15 Sept 
1 Oct 
15 Oct 
1 Nov 
F test 

LSD 5% 

393.7 
385.7 
468.1 
376.3 

** 
6.5 

477.7 
470.6 
606.2 
486.9 

** 
14.8 

346.2 
383.9 
447.2 
343.6 

** 
12.4 

458.8 
447.5 
567.5 
460.7 

** 
7.5 

79.7 
78.9 
97.6 
77.9 
** 
3.0 

109.2 
106.8 
138.8 
107.4 

** 
4.6 

69.5 
78.3 
88.1 
70.8 
** 
2.6 

89.7 
86.7 

109.4 
88.4 
** 
1.3 

B- Nitrogen levels 
0 kg N/ha 

45 kg N/ha 
90 kg N/ ha 
135 kg N/ha 
180 kg N/ha 

F test 
LSD 5% 

198.6 
306.7 
408.0 
487.9 
628.6 

** 
7.3 

258.1 
385.5 
469.9 
619.0 
811.8 

** 
16.5 

186.6 
266.9 
355.2 
482.1 
610.3 

** 
13.9 

234.9 
363.9 
476.0 
605.5 
737.5 

** 
8.4 

41.1 
64.5 
84.4 

101.8 
125.8 

** 
3.4 

58.2 
88.7 

105.0 
140.5 
185.4 

** 
5.2 

38.1 
53.3 
71.3 
96.1 

124.7 
** 
2.9 

49.6 
73.9 
92.9 

114.1 
137.2 

** 
1.5 

C- Bio-fertilization treatments 
Control 

Cerialine 
Rhizobacterin 

F test 
LSD 5% 

354.9 
396.6 
466.3 

** 
5.6 

451.6 
502.4 
572.6 

** 
9.9 

337.6 
373.6 
429.4 

** 
6.8 

437.6 
481.6 
531.6 

** 
4.1 

72.3 
82.0 
96.3 
** 
2.5 

102.7 
112.9 
131.1 

** 
2.4 

69.1 
75.3 
85.7 
** 
1.2 

85.0 
93.2 

102.5 
** 
0.8 

2- Effect of nitrogen levels: 
Data listed in Tables (1,2 and 3) clearly show that all growth characters 

under study were proved to be significantly increased as a result to 
increasing nitrogen fertilizer after 120 and 150 days from planting in both 
seasons of this investigation. Raising nitrogen fertilizer levels from 0 to 45, 
90, 135 and 180 kg N/ha significantly increased all growth characters (root 



 
 
 
 

Scientific Journal of King Faisal University (Basic and Applied Sciences)                         Vol.5  No.2  1425 (2004) 
                        

 

  231

6 - Crop growth rate (CGR) in (g/week): 
             W2 - W1 
CGR = ................            
              T2 - T1 

According to Radfords (1967), where W1 and W2 refer to dry weight of 
plant at time T1 and T2, respectively. 

7 - Relative growth rate (RGR) in (g/g/week)  
                               loge W2 - loge W1 

 RGR = ----------------------   according to Watson (1958) 
                                      (T2 - T1)  

8 - Net assimilation rate: 
                             (W2 - W1) (loge A2 - loge A1) 

NAR = -----------------------------------           in mg/m2/day 
                                     (T2 - T1) (A2 - A1) 

According to Radfords (1967), where W1, A1 and W2, A2, respectively 
refer to dry weight to plant and leaf area at time T1 and T2, respectively. 

All data of each sowing date in each season were statistically analyzed 
according to the technique of Analysis of Variance (ANOVA) of the split 
plot design. Then the combined analysis for the four evaluated planting 
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 presented in Tables (1, 2 and 3) show that better performance due 
to planting beet on 15th October than all planting dates. All growth 
characters, root fresh and dry weights (at 120 and 150 days), foliage fresh 
and dry weights (at 120 and 150 days), leaf area index (at 120 and 150 
days), crop growth rate, relative growth rate and net assimilation rate 
significantly affected by planting dates in both seasons. The superiority of 
15th October planting may be attributed to the suitable climatic conditions 
for sugar beet growth. These results are in good agreement with those stated 
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main plots were occupied by five nitrogen levels (0, 45, 90, 135 and 180 kg 
N/ha), while the sub-plots were devoted to three bio-fertilization treatments, 
i.e. untreated seeds (control), treated seeds with Cerialine (1.35 kg/ha) and 
treated seed with Rhizobactrein (1.35 kg/ha). The experimental basic unit 
area included five ridges, each of 60 cm width and 3.5 m length, occupying 
an area of 10.5 m2. The preceding summer crop was rice (Oryza sativa) in 
both seasons. 

 The experimental field was well prepared through two ploughing and 
leveling. Calcium super phosphate (15.5 % P2O5) was applied during tillage 
operations at the rate of 240 kg/ha. Potassium sulfate (48 % K2O) at a rate 
of 120 kg/ha was applied before the first and second watering. Nitrogen 
fertilizer in the form of ammonium sulphate (20.5 % N) was applied as a 
side dressing at the previously mentioned rates in two equal parts, one half 
after thinning (before the first irrigation) and the other half before the 
second irrigation. Sugar beet (cv. Top) was obtained from the Dakahlia 
Sugar Company at Belkass to which the author is indebted. Seed balls were 
hand sown as the usual dry sowing (after inoculation seed with bacterial 
suspension) on one side of the ridge in hills, 20 cm apart at the rate of 3-5 
seed balls per hill during the aforementioned dates in both seasons. Each 
planting date was irrigated immediately after sowing. Beet plants were 
thinned in two times, the last one was done at 30 days after sowing masdone 
to let one plant/hill. 

 Two samples were taken during the growth period, i.e. 120 and 150 
days from sowing of each planting date. Five guarded plants were chosen at 
random from each sub-plot to determine root fresh weight (g/plant), root dry 
weight (g/plant), foliage fresh weight (g/plant) and foliage dry weight 
(g/plant). Where, each sample plants were separated into foliages and roots. 
The roots and foliage were cut to small pieces. All plant fractions were air 
dried, then oven dried to constant weight for 72 hours at 70 C. 
5 - Leaf area index (LAI): 

         Unit leaf area per plant (cm2) 
LAI = ------------------------------------- 

      Plant ground area (cm2) 

For leaf area measurement, the disk method was followed using 10 disks 
of 0.91 cm diameter according to Watson (1958). 
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Biological fertilization of non-legume crops by N2-fixing bacteria had a 
great importance in recent years. The effect of inoculation had marked 
influence on the growth of plant, which reflects to increase yield. This 
increase might be due to the effect of N which was produced by bacteria 
species, in addition of some growth regulators like IAA and GA3 which 
stimulated growth. Hill et al. (1983) indicated that N2-fixing bacteria 
(Azospirillum) have been found associated with roots of sweet potato plants 
for period 1 to 3 months. Therefore, N-fixing and plant growth were 
increased. Pacovsky (1988) stated that inoculation with Azospirillum 
brasilense on sorghum increased total plant and dry weight. Sprenat (1990) 
found that solubilization of mineral nutrients synthesis of vitamins, amino 
acids, auxins and gibberellins, which stimulate plant growth, comes as result 
of inoculation by Azotobacter spp. Abdulla (1999) found that applying the 
N-bio-fertilizer (Rizobacterin) combined with poultry manure gave the best 
results for vegetative growth traits of potato plants represented as plant 
height and number of main stems/plant. Abo-El-Goud (2000) reported that 
root fresh and dry weights, foliage fresh and dry weights as well as LAI of 
fodder beet significantly responded to 5% level of significant due to bio-
fertilizer treatments. El-Zeiny et al. (2001) found that bio-fertilization 
improved plant growth characters expressed as number of leaves, leaf area 
and vegetative fresh and dry weights. They also revealed that bio-fertilizer is 
a biological technique for reducing the dose of mineral fertilizer. 

Therefore, this investigation was carried out to study the effect of 
planting dates, nitrogen fertilization levels and bio-fertilization treatments 
on the growth characters of sugar beet plants. 
 
Materials and Methods 

The present investigation was conducted at El-Serw region in Northern 
Faraskour district, Damitta Governorate during the two growing seasons of 
1998/1999 and 1999/2000 to study the effect of planting dates, nitrogen 
fertilization levels and bio-fertilization treatments as well as their interaction 
on the growth, yield, yield components and quality of sugar beet cultivar 
(cv. Top). 

This study included four planting dates (15th Sept., 1st Oct., 15th Oct. and 
1st Nov.). Each planting date was conducted in a separate experiment. A 
split-plot design with four replicates was used in each planting dates. The 
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bio-fertilization are considered among the important agricultural practices to 
improve sugar beet productivity. 

Planting date is considered among the most important factor for all field 
crops generally, and sugar beet specially. It has an active role for growth, 
yield and root quality. The suitable date for sugar beet planting mainly 
depends on many factors such as the previous crop, weathering conditions, 
contract conditions with sugar factories and cultivated cultivar. Lopez and 
Castillo (1982) reported that crop growth rate (CGR) and relative growth 
rate (RGR) did not show great differences according to the date of sowing. 
Net assimilation rate (NAR) was higher in November and December sowing 
compared with October sowing. While October sowing presented the 
highest accumulation of dry matter compared with November and 
December sowing. Badawi (1985) and Badawi et al. (1995) reported that 
planting dates markedly affected leaf area index, biological plant weight, 
root weight and foliage weight. Ghonema (1998) found that planting dates 
markedly affected all growth characters under study, except foliage weight 
and root/top ratio in the second season. Planting sugar beet during October 
recorded the highest leaf area index, root length, root diameter, root and 
foliage fresh weights, sucrose and purity percentages and root yield as well 
as sugar yield compared with other planting dates. 

Nitrogen is referred as balance wheel of sugar beet nutrition because of 
the fact that the efficiency of other nutrients is based on it. Sayed (1988) 
showed that increasing nitrogen application of sugar beet increased root and 
top dry weights, LAI, CGR. El-Shafei (1991) reported that increasing 
nitrogen fertilizer level up to 75 kg N/fad led to a significant and gradual 
increase in root and top fresh weights/plant, root dry matter accumulation 
compared with the control (Unfertilized plants). Sorour et al. (1992) and 
Neamat-Alla (1997) reported that increasing nitrogen rates increased dry 
weight/plant, crop growth rate (CGR), net assimilation rate (NAR) and leaf 
area index (LAI). Sharief et al. (1997) reported that increasing nitrogen 
fertilizer rate up to 180 kg N/ha significantly increased leaf area index, fresh 
and dry weights of roots, foliage per plant compared with applying 90 kg 
N/ha. Seaada (1998) and Mahasen-Fahmi (1999) showed that raising 
nitrogen fertilizer levels improved all growth characters. 
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Effect of Planting Dates, Nitrogen Levels and Bio-fertilization 
Treatments on 1: Growth Attributes of Sugar Beet  

(Beta vulgaris, L.) 
 

Kandil, A. A.; M. A. Badawi; S. A. El-Moursy and U. M. A. Abdou 
Agron. Dept., Fac. Agric., Mansoura University, Egypt 

 
Abstract: 

This study was carried out during 1998/99 and 1999/2000 at El-Serw 
region in Northen Faraskour district, Damitta Governorate to investigate the 
effect of planting dates, nitrogen levels and bio-fertilizatiopn treatments as 
well as their interaction on growth of sugar beet (Beta vulgaris, L.) variety 
Top. Each planting date was conducted in a separate experiment, laid-out in 
split plot design with four replicates.  The main plots were occupied by five 
nitrogen levels, while the sub-plots were devoted to three bio-fertilization 
treatments. The main findings obtained from this investigation could be 
summarized as follows: 
-  Root fresh and dry weights, foliage fresh and dry weights and leaf area 

index (at 120 and 150 days from planting), crop growth rate, relative growth 
rate and net assimilation rate significantly affected by planting dates in both 
seasons. The highest values for growth characters were obtained by planting 
beet on 15th of October. 

-  Raising nitrogen fertilizer levels from 0 to 45, 90, 135 and 180 kg N/ha 
significantly improved all growth characters (root fresh and dry weights, 
foliage fresh and dry weights, LAI, CGR, RGR and NAR) at the two 
samples in both seasons. Increasing nitrogen fertilizer levels up to 180 kg 
N/ha resulted in the highest means of all growth measurements as 
previously mentioned. Vice versa, sugar beet plants growing without 
nitrogen fertilization (control treatment) were induced the lowest ones of 
two samples in both seasons. 

-  The obtained results showed that root fresh and dry weights, foliage fresh 
and dry weights, LAI, CGR, RGR and NAR in both samples and seasons 
had a significant effect by bio-fertilization treatments and the results 
showed that the highest measurements were achieved from treating beet 
seeds with Rhizobacterin. 

Introduction: 
Sugar beet (Beta vulgaris, L.) has several advantages as suitable 

complementary crop for increasing local sugar production in Egypt. It is 
considered as an industrial crop to produce various products as alcohol, 
forage and other many products. Planting dates, nitrogen fertilization and 
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serum leptin levels independently of its effects on the proportion of body 
fat, suggesting a regulatory role of testosterone in leptin production. 
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In the present study, it has found that ovariectomy caused significant 
decrease in serum leptin concentration compared with the control group. 
The finding showed a stimulatory effect of estradiol on leptin secretion, 
which a greement with Walczewska et al., (1999) which may be attributed 
to increased expression of ob gene in certain site of adipose tissue Shimizu 
et al., (1997) or increase of ob mRNA expression in adipocytes Casabiell et 
al., (1998). These confirm the finding of Wade and Gray (1978) who 
demonstrated high affinity binding of 17- ß estradiol in the cytoplasmic 
fraction of various white adipose tissue in rats. 

These results are in agreement with the report of Yoneda et al., (1998) 
who demonstrated that ovariectomy significantly reduced serum leptin level. 
Moreover, these findings support the report of  Messinis et al., (1999) who 
demonstrated that a significant reduction in leptin value were seen in both 
phase of the cycle during the week following bilateral ovariectomy 
operation in women, however  Nowicki et al., (2002) seen that gonadectomy 
did not influence plasma leptin concentrations in  women if body fat mass is 
unchanged. 

The significant increase caused by estradiol administration of 
ovariectomized rats in the present study are in agreement with the reports of 
Yoneda et al., (1998) who demonstrated that in rats ovariectomy reduced 
significantly serum leptin values, which reversed by estradiol supplement. 
In addition, Casabiell et al. (1998) observed the stimulatory role of 
estrogens on leptin secretion, since addition of estradiol to isolated 
adipocytes increased ob mRNA in vitro. 

In the present study (Table 2), it has been found that orchidectomy 
caused significant increase in serum leptin concentration compared to the 
control group. While, testosterone administration to orchidectomized rats 
caused significant decrease compared to both orchidectomized and control 
group. 

Similar results were reported elsewhere by Ogura et al.,(2000 a,b). The 
supperssive effect of testosterone on leptin level is confirmed by the results 
in vitro studies of cultured human adipocytes which revealed a direct effect 
of testosterone at the cell level ( Wabitsch et al., 1997). Moreover,it has 
been reported. ( Bhasin et al., 1996) that testosterone substitution lowered 
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Table (1) : Serum leptin concentration (ng/ml) in adult female rats 
(control, ovariectomized and ovariectomized treated with estradiol) at 0 
time, 2 weeks , and 4 weeks. 

Group
Time Control group 

Orchidectomi
zed group 

Orchidectomized 
treated group 

0 time 
1.90 

± 0.16 
*0.75 
± 0.21 

1.92 
± 0.09 

After two weeks 
1.85 

± 0.12 
*0.69 
± 0.03 

**2.08 
± 0.11 

After four weeks 
1.92 

± 0.20 
*0.60 
± 0.44 

**2.99 
± 0.32 

±   standard error of mean 
*   p < 0.05 
** p < 0.01    
 
Table (2) : Serum leptin concentration (ng/ml) in adult male rats (control, 
orchidectomized, and orchidectomized treated with testosterone) at 0 time, 2 
weeks, 4 weeks. 

Group
Time Control group 

Orchidectomi
zed group 

Orchidectomized 
treated group 

0 time 
1.12 

± 0.08 
1.19 

± 0.33 
*0.82 
± 0.05 

After two weeks 
1.19 

± 0.22 
*2.32 
± 0.18 

*0.94 
± 0.21 

After four weeks 
1.20 

± 0.09 
*2.95 
± 0.11 

*0.96 
± 0.19 

* p < 0.05 

These results are in agreement with Wu-Pengs et al., (1999), as (it has 
been) suggested that there is a sex difference in the regional distribution of 
neuropeptide Y mRNA containing cells in the hypothalami of mice ( Ubran 
et al.,1993; Stephens et al., 1995). Furthermore, it could be due to 
stimulatory effect of estrogen on leptin secretion in females or due to the 
inhibitary effect of androgen on leptin secretion in male In addition. Tome 
et al., (1997) showed that leptin concentration in infant boys were 40% 
lower than those in the girls of similar body weight. 



 

 
 
 

Scientific Journal of King Faisal University (Basic and Applied Sciences)                         Vol.5  No.2  1425 (2004) 
                        

 

  241

Group 3 : (Gonadectomized and treated group) . 
Orchidedtomized rats were injected intramusculary daily with 

testosterone as the oenanthate and propionate in oily solution ( Chemical 
Industries Development . S.A.A., Pyramids, Giza ) at a dose of 1mg/kg 
body weight for 4 weeks (Hoffmann et al., 1984) 

Ovariectomized  rats were injected intramuscularlly with estradiol 
(Estradiol benzoate in oily solution – Misr CO. Pharm. Ind. S.A.A. Materia 
Cairo A.R.E.  C.C.R. 32048 ), In a dose of 0.19 mg/kg body weight twice 
weekly for 4 weeks ( Nilsson and Carlsten, 1994 ). 

Sampling : 
Blood samples were obtained by decapitation of rats in clean centrifuge 

tubes at ( 0 time – 2 weeks – 4 weeks ). Serum was separated by 
centerifugation of blood at 3000 rpm for 15 minutes and stored at -20ºC 
until used for analysis. 

Hormonal assay : 
Leptin hormone was assayed using radioimmunoassay technique with 

the aid of computerized gamma counter supplied from Bechman Scientific 
Indstrument Division. using commerical leptin RIA kit ( Linco . Research, 
Inc. 14 Research Park, Drive . St. Charles, Missouri. 63304 U.S.A ).  The 
standard curve was calibrated by the method of Gettys et al., 1986) and 
serum leptin expressed as ng/ml. 

Statistical analysis: 
Statistical analysis for the results were carried out according to method 

of Snedicor and Cochran (1967) using student t-test. 

Results and Discussion :  
Leptin seems to have an essential role in the regulation of food intake 

and energy expenditure and thus in regulating energy homeostasis and 
secondarily, body weight (Campfield et al., 1995). Circulating leptin levels 
are closely related to the percentage of the body fat (Ostund et al., 1996) and 
correlete with body mass index (BMI) in patient with normal weight, 
obesity and diabetes ( Haffner et al., 1996).  

In the present study (Table 1and 2 ), it has been found that female rats 
have a higher serum leptin level compared to male rats with similar body 
weight. 
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system in addation to its main function in energy homeostasis as gonadal – 
adrenal- somatotroph axis (Cheung et al., 1997). 

Leptin is influenced by sex hormones and adiposity ( Sudi et al., 2001). 
the sex based difference in leptin concentration observed between women 
and men. Thus, after adjusting for fat mass, females have higher leptin 
levels than males (Garcia – Mayor et al., 1997 ).Pinillia et al., (1999) 
reported that serum leptin concentration is increased significantly two weeks 
after ovariectomy in rats. 

Spicer and Francisco, (1997) suggested that leptin produced inside the 
ovary as paracrine factor to effect steroid synthesis in the follicle and corpus 
luteun or may play an important role in follicle development and 
luteinization (Guo et al., 2001) . On the other hand, testosterone has a potent 
negative effect on serum leptin in boys, but not in girls (Wabitsch et 
al.,1997). 

The present work was carried out to evaluate the influence of 
gonadectomy and sex steriods on serum leptin level of adult rats. 

Materials and Methods: 
Animals: 

Ninty six healthy adult albino rats of both sexes weighing (180-220g) 
were used in this study. The animals were kept in separate steel wire cages 
and supplied with a normal commercial diet and water. 

Experimental Design: 
Animals were divided into three equal groups : 

 Group 1 :  ( control group) 
16 animals of both sex were kept under normal laboratory conditions 

during the experiment. 

Group 2 : (Gonadectomized group) 
16 male rats were orchidectomized  (Byron,1978),and 16 femals were 

ovariectomized  (Yallampalli et al., 1994).All gonadectomized rats were left 
until healing and acclimatization. 
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Abstract: 

The present study was undertaken to evaluate the influence of 
gonadectomy and sex steriods (estradiol and testosterone) on serum leptin. A 
total number of 96 adult white albino rats of both sexes were used in this 
study. The animals were divided into three groups. The first group was served 
as control , The second group was the gonadectomized , while the third one 
was gonadectomized and treated with gonadal sex hormones ( estradiol and 
testosterone ). 

Blood samples were collected at the beginning of the experiment (0 time), 
2 weeks and 4 weeks there after. The results indicated that serum leptin were 
higher in adult female than in male rats of similar body weight , orchidectomy 
resulted in a significant elevation in serum leptin levels but ovariectomy 
resulted a significant decrease in serum leptin levels. Estrogen treatment 
caused a significant elevation in serum leptin level in female rats. While 
testosterone treatment caused a significant reduction in serum leptin in male 
rats.It is conclude that gonadal steroids may affect serum leptin concentration 
in rats.   

Introduction : 
Leptin, is an adipocyte – derived hormone that is essential for normal 

regulation of body weight ( Schubring et al., 2000) and metabolism (Atcha 
et al., 2000) It regulates adipose tissue mass through hypothalamic effects 
on energy expenditure (Pelleymounter et al., 1995 ). It is detectable in fetal 
cord blood as early as 18 weeks of gestation and dramatically increases after 
34 weeks. In newborn, the serum leptin concentration is positively corrlated 
with the body weight, fat mass and body mass index (BMI) ( Thomas et al., 
2000). The expression of leptin RNA is increased by insulin (Saladin et 
al.,1995), glucocorticoids  (Slieker et al.,1996) and several cytokines such as 
tumor necrosis, factor alpha and interlukin –1 (Grunfeld et al.,1996). Also, 
serum leptin levels are elevated in some pathologic disorders acute sepsis 
(Bornstein et al., 1997). In contrast, fasting, solely reduces serum leptin 
level (Boden et al.,1996). Leptin may regulate different and unexpected 
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In conclusion, there were general changes in most of blood parameters 
in the  toxicity with 1,4-dioxane under the test conditions. 
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In contrast, Total  WBCs count in the Dioxane treated group (Table2) 
showed a significantly gradual elevated values associated with progression 
of toxicity. The total leucocytes number in blood of treated mice was 
manifested by an obvious increase in neutrophils followed by monocytes, 
paralleled with a marked drop in lymphocytes percentage(Table 2). This 
changes could explain by some researchers which found that the increase of 
WBCs was mainly pointed to the elevated neutrophils (Zahran;1997) and 
monocytes showed significant increase in their percentage due to their 
increase phagocytic activity towards destructive RBCs, or may be due to 
innate defense capability of mice agaist toxins(dioxane) ( Uhlir,1991).  
Harding and Hogland, (1984) concluded that, the changes in monocyte 
number may be due to the engagement of these cells in the phagocytic 
process against different antigens. The  increase monocyte number may be 
explained by the increase in haemopoietic activity after exocytosis which 
was done by monocytes after the discharge of its granules to lyse the 
antigens extracellulary (Norman et. al, 1973; Roitt et  al., 1982 and Dolen et  
al., 1992). The changes in the differential leucocytes counts may be due to 
the changes in the immunological parameters during toxicity with Dioxane. 
This increase may be due to the increase in hemopoietic  activity stimulated 
by loss of blood cells (Awad, 1992) as a result of haemolysis of RBCs. 

Otherwise, the increase of neutrophils was accompanied with a highly 
significant decrease in lymphocytes percentage in this treated group of mice. 
Zahran, et al., (1995) reported that lymphocytes play the key role in all 
immune reactions and is always directed against the specific foreign 
antigens (toxins). lymphocytes were significantly decreased in number in 
response to stressful condition after antigen (Dioxane) entrance as reported 
by  Sovenyl et. al.,(1990) or may be due to the production of specific or non 
specific antibodies against different antigens, since lymphocytes are 
responsible for achieving the defense mechanism introduced into the body 
(El-Feki,1987). Additionally, lymphocytes migrate to the site of 
inflammations which may be resulted due to toxic effect of dioxane, as 
reported by Mahmoud,(1995). Therefore, its percentage in blood stream and 
population in the thymus, spleen and lymph node were decreased (Zahran, 
1997), because the circulation is not the essential site of WBCs, but only for 
their passage to infected organs  and their  circulation with lymph by 
filtration via blood capillaries.  
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The total WBCs increased non-significantly in the first 3 weeks as 
compared to control group( Table 2) , then a continuous and gradual 
increase was occurred till the end  of the experiment(P<0.001). The 
differential leucocytes count (Table 2) revealed that a decreased in  
lymphocytes (P<0.001)  in the experimental  group with dioxane as 
compared with the control  one, while monocytes and neutrophils   were 
increased significantly(P<0.001). There was a continuous increase in 
monocytes  from the first week till the end of the experiment while 
neutrophils were increased significantly from the fifth  week till the end of 
the experiment. The eosinophil and basophil showed non-significant effects 
between the experimental and control groups.  

Discussion: 
The present study revealed that toxicity of mice with 1,4-dioxane 

exhibited practically many changes in the investigated  blood parameters. 
Values of measured blood parameters of treated mice deviated from control 
mice. Such results became more sever in the mice toxicity with dioxane. 
The reported normal mean value of these blood parameters in mice in this 
experiment in accordance with the normal value reported before (,Mitruka 
and Rawnsley,1977 and Haeba et al, 2002).  

Mice treated group with 1,4-dioxane showed very highly significant 
reduction of erythrocytes counts, accompanied by significant decrease in Hb  
as well as Hct %, compared with control values(Table 1), which indicate the 
progression toward anemia.  The reduction in Hb may be resulted from the 
decrease in the formation of the globulin. Also the reduction in the Hct, and 
Hb may be due to the decreased RBCs resulting from the toxicity by 
Dioxane.  This  decrease in the total RBCs may be due to the destructive 
effect of the toxic 1,4-dioxane  as supported by Linman (1975) or may be 
due to the circulating failure as a result of inability to maintain circulatory 
blood volume due to the decrease in the developing stages of RBCs in 
haemopoitic tissues ( El-Feki ; 1987). Linman (1975) and Zahran, (1997) 
postulated that the destructive effect of the toxic substances on the 
erythrocytes increased directly the catabolism of hemoglobin. The blood 
indices MCV,MCH were decreased   compared with control, which may be 
due to the failure in blood osmoregulation and plasma osmolarity (Wong 
and Davidson,1983).  
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Hematological studies: 

Blood collection using the saphenous puncture (Hem et., al. 1998) for 
blood sampling of the mouse (superficial veins of the hind limb) using 
heparinized tubes .As a general rule, a blood volume equivalent to about 
0.5% of the animal's body weight may be safely drawn, as a single sample 
(Wolfensohn & Lloyd 1994), and this can usually be repeated at fortnightly 
intervals without disturbances to the animal's hematological status.  

Counting of RBCs and WBCs was carried out manually  by Neubaur 
chamber, using Hayem’s solution for RBCs count and Turky’s solution for 
WBCs count (Sheirley, 1975, Krieg, 1979, Freshney , 1987; and Brecher et. 
al., 1992).  The haematocrite value (Hct,%) was determined according to 
(Dacie and Lewis,1991) and the haemoglobin (Hb) was measured as 
described by Lucky (1977). Also , mean corpuscular volume (MCV), mean 
cell haemoglobin concentration(MCHC), mean cell haemoglobin (MCH) 
and total and differential leucocytes were calculated according  to Dacie and 
Lewis (1991). The results were analyzed statistically using Student’s two 
tailed- test (Flower and Cohen,1997). 

Results 
All investigated blood parameters are recorded in  (Table 1 & 2). The 

total count of RBCs in the experimental mice  showed a fluctuated results in 
the first time of experiments. At the end of the experiment, the present data 
showed very highly significant decrease in RBCs (Table1) There was highly 
significant decrease in Hb (P<0.01) and Hct,% (P<0.001) in experimental 
group compared the control. 

The calculations of the three absolute values of the erythrocyte indices, 
MCV, MCH and MCHC were carried out. MCV showed fluctuated results 
initially,  then their data showed a  non significant decrease followed by  
very high significant decrease(P<0.001)   at the end of the experiment.  
MCH showed a similar pattern to MCV.  MCHC showed a fluctuated results  
with significant increase(P<0.05)  at the third week , followed by nearly 
stable values and finally showed highly significant decrease (P<0.01) at the 
end of the experiment. 
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mouse bone marrow cells revealed a significant increase in the percentages 
of polychromatic erythrocytes (PCEs) and normochromatic erythrocytes 
(NCEs) over control group (Moussa and El-Habit,2005). This study aims to 
investigate effects of 1,4-dioxane on some hematological parameters of the 
Swiss albino mice. 

Materials and Methods 
Dioxane: 

The chemical formula of 1,4-dioxane is C4H8O2 , (Merck, 1989). 1,4-
dioxane (Sigma) dissolved in distilled water , 5.7 mg/ kg is the maximum 
tolerated dose (MTD) NTP, (1985). Synonyms of Dioxane as written in 
(IRAC,1987b) was Diethylene dioxide, 1,4-Diethylene dioxide,Diethylene 
ether,Di(ethylene oxide)  1,4-Dioxacyclohexane, Dioxan,  1,4-Dioxan, p-
Dioxan, Dioxane, p-Dioxan, Dioxyethylene ether, Glycol ethylene 
ether,Tetrahydro-1,4-dioxin and Tetrahydro-p-dioxin. 

Animals: 
Male albino mice, Mus musculus, (2 months old, 20-25 g) were obtained 

from an inbred strain in the college of Veterinary Medicine, King Faisal 
University (Al-Ahssa, Saudi Arabia). Mice housed at room temperature(20-
22 C0),with light regime of 14 h light and 10 h darkness, in different 
stainless steel cages containing hard wood chips and five animals/ cage.  

Animals in all groups were given a basal diet composed of 60 % of 
ground corn meal, 15% ground beans, 10% wheat bran, 10% corn oil, 3% 
casein, 1% mineral mixture, and 1% vitamin mixture. Water was given at 
libitum. 

Experimental animals:         
This group of animals(60 male mice) given 5.7mg/kg 1,4-dioxane which 

is the maximum tolerated dose(MTD) forced fed to mouse stomach by 
gavages twice a week for 8 weeks. 

Control animals: 
Another group of 20 male mice served as control forced fed the same 

amount of distilled  water in the experimental animals twice a week for 8 
weeks. 
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Dioxane is absorbed by all routes of administration (HSDB,1995). 
Barber(1934) described dioxane exposed factory workers ,some of them 
exhibited signs of liver changes, increased urinary protein and increased 
white blood cell counts, and some of them died from apparent acute 
exposures. Due to accidental or voluntary ingestion of Roundup 
(Glyphosate) contaminated with dioxane were induced red blood cell 
destruction, low blood pressure and kidney failure or damage(EPA,1999; 
Meister,2000 and Williams et al,2000).  

1-4,dioxane has been reported to cause reproductive toxicity, teratogenic 
and mutagenic effect in animals or humans. Inhalation exposure of higher  
dose level (>5000 ppm), can cause irregular heart beat, kidney and liver 
damage, fall in blood pressure and even death. Ingestion of 1,4-dioxane may 
cause moderate decrease in Hemoglobin and red blood cell 
counts(MSDS,1997). 

1, 4-dioxane listed at the technical reports as one of the twelve 
chemicals inducing nasal tumors to male and female rat but the nasal 
carcinogenicity test found to be negative when tested in male and female 
mice (Haseman et al., 1990 and Haseman and Hailey,1997). In a mortality 
study of 165 workers who had been exposed to low concentrations of 1,4-
dioxane since 1954, seven deaths had occurred by 1975, two of which were 
from cancer (Buffler, et al, 1978).  EPA (1995) classifies 1,4-dioxane as B2, 
a probable human carcinogen, based on the induction of nasal cavity and 
liver carcinomas in multiple strains of rats, liver carcinomas in mice, and 
gall bladder carcinomas in guinea pigs. Also IRAC (1999) has classified 
1,4-Dioxane in group 2B(possibly carcinogenic to humans). 

Administration of 1,4-dioxane in drinking water at several dose levels to 
rats and male guinea-pigs produced adenomas and carcinomas of the liver in 
rats of each sex, hepatomas in guinea-pigs, carcinomas of the nasal cavity in 
male and female rats and carcinomas of the gall-bladder in guinea-pigs. It 
increased the incidence of skin tumors in mice when applied after7,12-
dimethylbenz[a]anthracene (IARC, 1976).In a mouse-lung adenoma assay, 
1,4-dioxane produced a statistically significant increase in the incidence of 
tumors in males given an intermediate intraperitoneal dose (Stoner et al; 
1986). It induced DNA strand breaks in rat hepatocytes in vitro. It induced 
chromosomal aberrations in plants (IARC,1987a). Micronucleus assay in 
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Abstract: 

  Maximum tolerated dose (MTD) of 1,4-dioxane in distilled water 
(5.7mg/kg) forced fed into male  mice twice a week for 8 weeks (total 16 
doses). Total red blood cells (RBCs), hemoglobin content (Hb), haematocrite 
value (Hct,%), mean corpuscular volume (MCV), mean cell haemoglobin 
(MCH) and mean cell haemoglobin concentration (MCHC), in addition  to the 
total and differential white blood cells (WBCs) counts were studied as 
compared to control animals.  Multiple exposure of the mice to this specified 
dose found to express a significant influence in most of blood parameters. 
Toxicity with 1,4-Dioxane (5.7 mg/kg)  induced:  1)- decreases in total RBCs 
count ,Hb , Hct,% and all investigated blood indices, 2)-  The total WBCs was 
increased significantly and  3) - The differential leucocytes count revealed that 
a decreased in  lymphocytes % and unlike  to neutrophils, and  monocytes 
were increased while eosinophil and basophile  showed non-significant effects 
when  compared with control group. 

Keywords: Dioxane,  blood parameters & mice. 

Introduction:                                      
1,4-dioxane is a colorless liquid with a mild ether-like odor. It is used as 

a solvent and in textile processing, printing processes and detregent 
preparations. 1-4-Dioxane is also present in ordinary houshold products like 
shampoos (50,000-300,000 ppb), liquid/dishwashing soap(2,000-65,000 
ppb), baby lotion(11,000 ppb), hair lotions(47,000-108,000 ppb), bath foam 
(22,000-41,000 ppb) and other cosmotic prouducts (6,000-160,000 ppb). 
Also ,  1,4-Dioxane is found in manufactured food additives (at 10,000ppb 
level ) and in shrimp, chicken, tomatoes,coffee and some condiments (Sack 
and Steele,1989). Dioxane reported that, it has been  frequently emitting by 
carpets and draperies (Rogozen et al.,1987; Bayer, and Papanicolopulos, 
1990; CTCP,1990  and HSDB, 1990). 
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The antigenic comparison between the GPZ/SAU/1/99 field strain and 
the vaccine  virus indicated that both viruses  had similar r values and that 
their R value was 100%. According to the criteria of Brooksby (1968) and 
Pereira (1977), these two viruses are antigenically identical. 

From the fore-going it could be concluded that, although the virulent 
field vapripoxvirus, GPZ/SAU/1/99, showed high preference in virulence to 
goats under both natural and experimental conditions (Abu Elzein et al. 
2004), still it showed identity with the vaccine strain in the cross SNT tests; 
and the vaccine strain could protect gaots against it. 

The routine schedule of sheep pox vaccination which is implemented in 
sheep and goats in SA, starts at the age of four months and is repeated 
annually. Based on results of the present study, it was observed that the 
maternal immunity waned at the age of 4 months. Accordingly, we 
recommend that young goat kids are to be primarily vaccinated at the age of 
3 months and then to be boostered after 9 months instead of 12 months. 
Such a regimen is expected to protect goats before the build up of a large 
population of seronegative animals at both the ages of four months and 
sixteen months. Further annual vaccinations are expected to establish a 
population of high herd immunity in the country. 
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Secondly, whether vaccination of seronegative goats, at the age of 4 
months, will protect them until the next vaccination after 12 months as is 
done routinely with sheep in Saudi Arabia? 

Thirdly, to examine the antigenic relationship between the sheep pox 
vaccine virus, used in SA, and the virulent field Goatpox Virus, 
GPZ/SAU/1/99, in cross-serum neutralization tests. 

Results of challenging the two month - old goat kids indicated that they 
were protected from the virulent field capripoxvirus. These results 
confirmed that dams  vaccinated with the currently used sheep pox vaccine 
could pass protective colostoral antibodies to their young (Kitching 1986). 

The challenged four month old goats were non-protected and presented 
typical clinical signs of capripoxvirus infection, namely rise in  reaching 
41.95oC, and presentation of  the different stages of clinical capripoxVirus 
infection (Nyange and Machange 1983; Kitching and Taylor 1985). These 
results indicated complete waning of the maternal immunity at the age of 
four months. 

Fifty five percent of the adult goats that were challenged at 12 months 
post primary vaccination, were protected against challenge. The remaining 
45% goats were non-protected, though their lesions were milder than those 
of the four month old challenged goat kids and from the challenged non-
vaccinated controls of the same age. 

It is well documented that the level of humoral antibodies in sheep and 
goats to capripoxVirus is not always correlated to protection (Kitching 
1986; Kitching et al. 1987; Carn 1993). Therefore, the immune status of a 
previously infected or vaccinated animal cannot be related to the titre of 
serum neutralizing antibodies. It was also confirmed that the current 
serological tests are not reliable in distinguishing between protected and 
non-protected animals (Carn, 1993). This indicated that immunity is 
predominantly cell mediated. 

Although the vaccinated goats of group C had antibodies that ranged 
between 2.7 and 3.0 log10  at the time of challenge, still 45% of them 
showed mild disease signs. In spite of the fact that these signs were not of 
systemic nature, still such animals may transmit the disease to in-contact 
susceptible ones (Kitching et al. 1987). 
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Antigenic relationships between the GPZ/SAU/1/99 strain and the 
vaccine virus: 

Table (2) depicts results  of r and R% values. The r value for each virus 
was 100, while R value was 100% for each virus strain. 
 

Table ( 2 ) 
The “r” and “R” values: for the GPZ/SAU/1/99 and the vaccine strains: 

r value 

Antisera 
Viruses 

Vaccome voris GPZ/SAU/1/99 

1. Vaccine virus 1.00 1.00 

2. GPZ/SAU/1/99 1.00 1.00 

R% value 

Antisera 
Viruses 

Vaccome voris GPZ/SAU/1/99 

1. Vaccine virus 100 100 

2. GPZ/SAU/1/99  100 

Discussion: 
The aim of this study was to understand whether the sheeppox vaccine 

routinely used in SA, can protect goats from the field virulent capripoxvirus 
GPZ/SAU/1/99,which has high host affinity to goats. 
In order to arrive at a reliable conclusion with respect to the above question, 
it was necessary to set up experiments to examine the following: 
Firstly, whether the goat kids born from vaccinated dams have protective 
maternal immunity; and when does that immunity wane? 
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Results: 
Table (1) shows the  results of the challenge experiments. The 

challenged 2-month old kids did not show any clinical signs of pox and their 
temperatures were within the normal range throughout the span of the 
experiment. 

All the challenged four-months old kids, gave clinical signs typical of 
capripoxvirus infection. Pyrexia began on day six post inoculation, 
continued for five days and dropped. The maximum reached body 
temperature ranged from 41.30oC to 41.95oC. One kid was severely affected 
and died (mortality rate was 10%). 

Challenge of the goats one year post vaccination (group C),  indicated 
that 55% were protected and the remainder succumbed to the disease. 
Secondary lesions were seen but without generalization. No deaths were 
encountered. The ailing goats gave pyrexia that ranged from 40.07oC to 
41.34oC with a mean of 40.65oC. 

The control non-vaccinated goats gave typical lesions of goatpox with 
generalized lesions and body temperature ranging between 41.05o C and 
41.6oC. 

The serum antibody titres of the two months old kidsat challenge ranged 
between 2.4 and 3.0 log10; while in the 4 month old the  at challenge ranged 
between less than 0.3 and 0.6 log10.  

Serum antibody titres of the vaccinated goats remained almost steady 
with a range between 2.7 and 3.0 log10 up to the point just prior to 
challenge. The two non-vaccinated sero-negative control goats gave titres of 
less than 0.3 log10. 
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Production of Hyperimmuune sera against each of the GPZ/SAU/1/99 
Virus and the vaccine strain of sheeppox in Rabbits: 

Two groups of adult New Zealand rabbits, each comprising four heads, 
were used in the production of hyperimmune sera. One group was 
inoculated with a suspension of 50% GPZ/SAU/1/99 Virus of titre log10 5.6 
homogenized with complete Freund’s Adjuvant (V/V). Each rabbit received 
a primary dose of 0.5 ml intramuscularly followed by a similar booster  on 
day 15 post primary inoculation and after two weeks a third shot was given. 
In the second and third shots incomplete Freund’s Adjuvant was used 
instead of the complete Freund’s used in the first shot. A week following the 
last vaccination the rabbits were  exsuanguinated, and sera were collected, 
inactivated  at 56oC for 30 min and stored at  -20oC  until used. The other  
group of four rabbits were similarly inoculated with the vaccine sheep-pox 
virus. 

Titration of the Rabbit Hyperimmune sera: 
Each of the rabbit hyperimmune sera was titrated against its homologous 

virus in microtitre serum neutralization test (SNT) as described by Precausta 
et al. (1979). The end point titres were calculated as described by Reed & 
Muench (1938). 

Antigenic comparison of the GPZ/SAU/1/99 Virus with the Vaccine 
Strain: 

Cross micro SNT based on that of Precausta et al. (1979) was performed 
on the rabbit anti-sheeppox vaccine strain hyperimmune serum against both 
its homologous virus and the GPZ/SAU/1/99 Virus strain. Alternatively, 
both virus strains were reacted against the rabbit hyperimmune serum to the 
GPZ/SAU/1/99 Virus. The SNT titres were calculated according to Reed 
and Muench (1938). 

 The criteria employed to differentiate between the two virus strains 
were made according to Brooksby (1968); and Abu Elzein and Newman 
(1981). In this respect, the quantity called “r” value is defined as the ratio of 
heterologous to homologus serum titres. For the two compared viruses (r1 
and r2) are obtained and the antigenic relationship is expressed as a 
percentage (R%-values) and is calculated according to Archetti & Horsfall 
(1950) and Ubertini et al.(1960) using the following formula: 
R = 21 xrr   x 100 
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Vaccination of the Dam Goats: 
A sedentary herd of adult female goats was vaccinated routinely 

according to the policy of sheeppox vaccination regimen, as laid out by the 
Ministry of Agriculture, in Saudi Arabia (Anon 2002). A month later the 
goats were mated. 

Forty kids born to the vaccinated dams were used in further experiments 
as described below. Great care was taken to ensure that these kids suckled 
ample colostrum from their dams. 

The Challenge Experiments: 
Twenty of the 40 kids, described above, were divided into two groups of 

10 kids each (groups A and B). Kids of group A were challenged  at the age 
of 2 month as described by Abu Elzein et al. (2004). Those of group B were 
challenged at the age of 4 months. 

The remaining 20 kids (group C) were vaccinated routinely, using the 
sheep pox vaccine, at the age of 4 months. Sera were collected before 
vaccination, and at three monthly intervals  thereafter. 

A 12 months post vaccination, (group C) goats were bled for serum and 
then challenged. Two seronegative non-vaccinated goats were similarly 
challenged as controls. They were placed in a separate room. All the 
challenged animals were provided with food and water ad lib and kept under 
observation for clinical signs. 

 
The Serum Neutralizing Test for Antibody Detection: 

All the tested sera were heated at 56oC for 30 min before testing. The 
micro serum neutralization test (SNT) as described by Precausta et al. 
(1979) was followed using microtitre plates, vero cell culture and F-12 
medium for dilution of the sera. 

The examined sera were collected from the non-vaccinated 2 and 4 
months old goat kids (Groups A and B) and from group C goats. The SNT 
titres were calculated according to Reed and Muench (1938). 
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The dose given to a sheep or a goat is 0.5 ml, subcutaneously. It is given 
routinely to sheep and goats at the age of 4 months, then repeated annually 
(Anon 2000). 

 The challenge virus was a virulent field capripoxvirus which was 
isolated from outbreaks in goats at Al-Ahsa (Fig. 1). This virus, which was 
found to show great affinity to goats (Abu Elzein et al. 2004), was 
designated GPZ/SAU/1/99. The virus was used as the challenge virus and 
also in the cross-serum neutralization tests in this study. For the challenge 
experiments it was used as a 50% (W/V) suspension of scab material 
prepared in phosphate buffered saline PBS (pH 7.4). 

 

Legend to Figure (1) : A naturally-infected adult goat showing generalized 
pox lesions caused by the GPZ/SAU/1/99 capripoxvirus strain 

(Abu Elzein et al. 2004) 

 



  
  
  

Protection of Goats with a Sheeppox Vaccine Against …             E. M. E. Abu Elzein et. al. 

 

  264

 
Introduction: 

Goatapox Virus (GPV) is a member of the genus capripoxvirus of the 
family poxviridae (Mathews 1982), which also includes the Sheep-Pox virus 
(SPV) and the Lumphy Skin Disease Virus (LSDV) of cattle. 

The host specificity of GPV and SPV was reported to vary according to 
the host breed and the virus strain involved (Davies 1976; 1981; Kitching 
and Taylor 1985; Abu Elzein, et al.  2004). 

According to the FAO Yearbook of Production, (FAO 1986), mutton 
lies on the top of the list of meat consumption in Saudi Arabia, followed by 
goats meat. Goats are also kept as fancy animals and could be highly 
expensive. 

In spite of the great efforts towards increasing local production of sheep 
and goats in Saudi Arabia, huge numbers are still annually imported to meet 
the day-by-day consumption demands and to cover the requirements of Al-
Hajj (pilgrimage) season. 

Capripoxvirus infection in Saudi Arabia (SA) is creating great nuisance 
to sheep and goats keepers. Although the economical losses in both species 
are not studied, field observations of veterinarians indicate that losses in the 
younger stock are enormous. 

Very little published information is so far available regarding 
capripoxvirus infection in Saudi Arabia (Abu Elzein et al. 2004). 

The present study was prompted by the occurrence of a highly virulent 
capripoxvirus which struck specifically on goats of all ages, in the presence 
of unaffected sheep in the same flock. 

Since sheep and goats are vaccinated with a sheeppox vaccine, in this 
country, we thought to examine the protection that the vaccine might confer 
on goats against this virulent virus which has great affinity to goats. 

Materials and Methods 
The vaccine and the challenge virus 

The capripoxvaccine in SA,  is formulated from a Romanian strain of 
sheeppoxvirus which was attenuated by 33 passages in cell culture. This 
strain is widely employed in many countriers (Ramyar 1965; Sabban 1957). 
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Protection of Goats, with a Sheeppox Vaccine, Against a 
Virulent Field Capripoxvirus with High Affinity to Goats  

 
 

E.M.E. Abu Elzein, F.M.T. Housawi, A.I. Al-Afaleq 
and A.O. Ibrahim 

College of Veterinary Medicine and Animal Resources, 
King Faisal University, Al-Hassa, Saudi Arabia. 

 
Abstract: 

An attenuated vaccine incorporating the Romanian sheeppoxvirus strain 
is used to immunize sheep and goats in Saudi Arabia. Recently, a severe 
outbreak of a capripoxvirus was seen only in goats in a farm containing a 
mixed flock of sheep and goats. Experimental infection of sheep and goats 
with that virus strain confirmed its high affinity to goats. 

The present study aimed at examining the efficacy of the currently used 
sheeppox vaccine, in protecting goats, from the virulent field capripoxvirus 
which caused the recent outbreak. To do so, we followed the vaccination 
regimen of sheep and goats, against capripox, employed in Saudi Arabia. The 
results confirmed that vaccination conferred solid maternal immunity against 
the field virus to goat kids, born to vaccinated dams, up to the age of two 
months. At the age of 4 months they lost their immunity. 

Forty five percent of the adult goats, which were vaccinated at the age of 
four months, succumbed to infection when challenged with the field virulent 
capripoxvirus, after twelve months post vaccination. 

Result of the present study, indicated that the sheeppox vaccine, currently 
used in Saudi Arabia, could be continued for both sheep and goats. However, 
it is proposed that goat kids be vaccinated at the age of three  months and 
boostered nine months later to ensure adequate protection following the 
decline of maternally-derived immunity. 

Key Words :  
host- specific ; goatpox virus ; sheeppox vaccine ; protection; 
 
 



  
  
  
  
  

  

 



  
  
  
  
  

  

 Agriculture 
-  Application of a Mass Transfer Model for Simulation and Prediction 

of Moisture Distribution in Stored Corn Grains 
 Ali M. S. Al-Amri  and  Sirelkhatim K. Abbouda ..................................................... 197 
-  Effect of Bio-Fertilization Along With Different Levels of Nitrogen 

Fertilizer Application on the Growth and Grain Yield of Hassawi 
Rice (Oryza Sativa L.) 
Ahmad A. Al-Noaim and Siddig H. Hamad ............................................................. 215 

-  Effect of Planting Dates, Nitrogen Levels and Bio-fertilization 
Treatments on 1:Growth Aattributes of Sugar Beet  

 (Beta vulgaris, L) 
Kandil, A. A.; M. A. Badawi; S. A. El-Moursy and U. M. A. Abdou ....................... 227 

-  Effect of Gonadal Sex Steriods On Serum Leptin Level of Both  
Adult Male and Femal Rats 

 Wafaa, E. Mohamed,  Badryyah, R. Al-Suwaigh and Ebtesam, A. Al-Suhaimi ....... 239 

 Veterinary Medicine and Animal Production 
-  Effects of 1,4- Dioxane on Some Blood Parameters of the Swiss 

Albino Mice  
 Eman Abbas. Moussa ................................................................................................ 249 
-  Protection of Goats, with a Sheeppox Vaccine, Against a Virulent 

Field Capripoxvirus with High Affinity to Goats 
 E.M.E. Abu Elzein, F.M.T. Housawi, A.I. Al-Afaleq and A.O. Ibrahim .................. 263 



   

  

Table of Contents 
Arabic Section 

 Biology 
-  Preliminary Contribution to Study of Jellyfish in Saudi Coastal 

Water in Arabian Gulf  
Mohamed Baker &  AbdulAziz  El-Suwailem ..........................................................  1 

 Agriculture 
-  Response of Some Canola (Brassica Napus L.) Genotypes to  

Drought 
Leilah, A. A; S. A. Al-Khateeb and A. A.  Al-Naiem.......................................  33 

-  Rooting Response of Lime (Citrus Aurantifolia Christm Swingle)  
Cultivar (cv.) Loomi to Indol Butric Acid (IBA), Rooting Media and 
Date of Planting Cuttings 
Abdullah, Gh. R. and  AL-Khateeb, A. A. ..........................................................  53 

 Veterinary Medicine and Animal Production 
-  The Level of Growth Hormone, Insulin -like Growth Factor-I in the 

Plasma of Yearling Awassi Ewes During Pregnancy and Lactation 
 Kaskous, Sh.; E. Gruen; A.I.Saloum and M.A. Mansour .......................................... 73 

 Architecture 
-  Toward Practicing Architecture Within the Concept of  

Sustainable Development 
 Hashim Alsaleh.......................................................................................................... 107 

 Books Issues  ..................................................................................................  135 

English Section 
 A Review Article  

-  Prion Diseases :  A Review  : II. Prion Diseases in Man and Animals 
Mansour F. Hussein and Saud I. Al-Mufarrej............................................................  139 

 Computer 
-  On Applying an Evolutionary Engineering Method to Evolve  

a Neural Net XOR System 
A. Lehireche, A. Rahmoun ........................................................................................  167 

 Chemistry 
-  Cobalt (II), Nickel (II) and Copper (II) Complexes of 

Carbohydrazide and its Arylidene Derivatives 
Mohammed Gaber and Shar S. Al-Shihry...........................................................  181 
 



   

  

Executive Editorial Board 
   
 Editor - in - Chief  
   

Prof. Adel I. Al-Afaleq 
   
 Members  

Prof. Abdullah Mousa Al-Gosaibi  Dr. Ali Ibrahim Al-Sultan 
 

Dr. Ahmed Abdul Aziz Al-Huleibi 
  

 
Associate Editorial Board 

 
                 Dammam                    Al-Ahssa 

   
Dr. Ali Ibrahim Al-Sultan (chairman)  Prof. Abdullah M. Al-Gosaibi  (chairman)   
Dr. Mohammad Yousif  Numan  Prof. AbdelGadir M. Homeida 
Dr. Qasem Mohammad Al-Dawoud  Prof. Mohammad A.  AL Abdulsalam 
Dr. Fahad A. Nwisser Al-Harigi  Dr. Ahmed I. Fatani  
Dr. Abdulaziz Mansour Al-Khawajah   

  
Technical Editing 

   
Dr. Ahmed Al-Dakrury  Fadel M. Al-Amer 

 
  

 
Postal Aِddress 

Editor - in - chief  
Scientific Journal of King Faisal University 

P.O.Box  380  Al-AHssa  31982 
Kingdom of Saudi Arabia  
Tel./Fax.  966 (3) 5801275 
Tel.  5800000    Ext. 1789 

E.Mail : scijkfu@kfu.edu.sa  
  

  
L.D. NO 0843/22 
ISSN 1658-0311 

King Faisal University Press - Al-Ahssa 



  
  
  
  
  

  

 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  
 
 
 
 
 
 
 
 

All Scientific articles in this issue are refereed. 
All rights are reserved to Scientific Journal of King Faisal University. 
No part of the journal may be reproduced or transmitted in any form 
or by any means, electronic or mechanical, including photocopying, 

recording or via storage or retrieval system without written permission 
from Editor – in – chief.  

All articles published in the journal represent the opinion of the 
author(s) and do not necessarily reflect the views of editorial board of 

the journal. 



   

  

 
 
 
 
of King Faisal University 
(Basic and Applied Sciences) 

 
A Refereed Scientific Journal 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

  
Vol. 5, Issue 2 

1425H.   –    2004G. 
 
 
 
 

The journal is available on the following website 
  www.kfu.edu.sa/sjournal/index.asp 




