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Abstract: The effect of 6 sucrose concentrations (5, 10, 15, 20, 25, 30 g/l) over 4 incubation periods 

(30, 45, 60, 75 days) on in vitro rooting of Moris pineapple cultured in liquid half strength MS medium 

enriched with IBA at 2.0 mg/l was investigated. At all incubation periods, all shoots in medium en-

riched with sucrose at 5 g/l failed to root, and no roots formed within the first 30 days in medium en-

riched with sucrose at 10 g/l. After 30 days of incubation, the highest rooting percentage (66 %), tallest 

plantlets (23 mm tall), highest (3.4 roots) and longest (5.3 mm) root per shoot were obtained in medium 

enriched with sucrose at 25, 10, 15, 15 g/l respectively, while after 45 days, the highest of all rooting 

aspects (75 %, 32.3 mm tall, 3.7 roots, 7 mm long), were obtained in medium enriched with sucrose at 

15 g/l. After 60 days, the highest rooting percentage (91.7 %) and tallest plantlets (36.7 mm tall) were 

obtained in medium enriched with sucrose at 20 g/l while highest roots per shoot (3.7 roots) and longest 

root (10.7 mm) were obtained in medium enriched with sucrose at 15 g/l. After 75 days, all shoots 

rooted (100 %) in medium enriched with sucrose at 10 and 20 g/l, while sucrose at 25 g/l resulted in 

tallest plantlets (46.3 mm tall) and at 20 g/l resulted in highest (4.7 roots) and longest roots (27.3 mm). 

At each incubation period, there was a different optimum sucrose enrichment for different rooting pa-

rameters. 

 

Key words: Sucrose; Incubation Periods; In Vitro Rooting; Moris Pineapple; Ananas comosus. 

INTRODUCTION 

Different combinations of sucrose and incuba-

tion periods were used for the in vitro rooting 

of pineapple. In vitro rooting was reported us-

ing sucrose at10 g/l and incubation for 30 days 

and 70 days (Soneji et al., 2002b), sucrose at 

20 g/l for 30 days (Ko et al., 2006; Mengesha 

et al., 2013; Souza et al., 2016; Sunitibala Devi 

et al., 1997) and 70 days (Soneji et al., 2002b), 

sucrose at 30 g/l for 30 days (Almeida et al., 

2002; Aydieh et al., 2000; Bhatia & Ashwath, 

2000; Fitchet, 1990; Singh & Manual, 2000; 

Teng, 1997), 45 (Khan et al., 2004; Sripaoraya 

et al., 2003), 60 (Gangopadhyay et al., 2005; 

Hamad et al., 2013; Mathews & Rangan, 1979, 

1981) and 75 days (Hamad & Taha, 2008) and 

sucrose at 35 g/l for 30 days (Kofi & Adachi, 

1993) and sucrose at 40 g/l for 60 days of in-

cubation (De Almeida et al., 1997). In all of 

these studies, each of the sucrose and incuba-

tion periods was fixed at one level and the fo-

cus was on hormone types and concentrations 

and medium strength. The effect of different 

sucrose concentrations and incubation periods 

were neither compared individually nor in 

combinations of the two factors. In addition, 

many times the results were reported as a gen-

eral statement or the rooting response was as-

sessed based only on one parameter, rooting 

percentage (Bhatia & Ashwath, 2000), root 

number (Danso et al., 2008). In some cases, 

two parameters, root number and length 

(Aydieh et al., 2000; Khatun et al., 1997) and 

in few cases, three parameters: rooting percent-

https://doi.org/10.54172/mjsc.v34i4.145
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v34i4.145&amp;domain=pdf&amp;date_stamp=2008-08-14
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age, root number, and length (Amin et al., 

2005; Soneji et al., 2002a), were used for the 

assessment of rooting treatments. The plant-

lets’ height, on the other hand, was rarely re-

ported (Be & Debergh, 2006; Hamad et al., 

2013; Souza et al., 2016). Sucrose and incuba-

tion period are not only important for its effect on 

rooting, but also for their effect on cost and man-

agement of the rooting stage and plantlets survival 

of acclimatization. Sucrose made the highest 

proportion of the medium components. And for 

the incubation period, lamps and air condition-

ing is required to maintain constant tempera-

ture and photoperiod. In large scale propaga-

tion, using higher sucrose and longer incuba-

tion would make the medium cost and electrici-

ty bill too expensive. Using the lowest possible 

concentration of sucrose and the shortest incu-

bation period would reduce the cost of rooting 

stage and the overall cost of propagules produc-

tion. The objective of this study is to compare the 

effect of different sucrose concentrations over dif-

ferent incubation periods on all rooting aspects of 

Moris pineapple cultivar. And to determine the best 

compromise of lowest possible concentration and 

shortest incubation period at which the best root-

ing responses, particularly the plantlets’ height, 

could be obtained. The goal is to minimize the 

cost in terms of the sucrose amount and month-

ly electricity bill per single propagule.  

MATERIALS AND METHODS 

A half-strength MS medium (450 ml) enriched 

with IBA at 2.0 mg/l (Murashige and Skoog, 

1962) was prepared and divided into 6 glass jars 

(75 ml each) marked 1 to 6. Sucrose at 5, 10, 15, 

20, 25 and 30 g/l were added to each glass jar 

respectively. The medium was adjusted to pH 

5.0 and autoclaved at 121
0
 C and 1.5 kg/ cm

2
 for 

20 minutes. The content of each glass jar was 

dispensed into 12 culture tubes (6 ml each) un-

der a laminar cabinet using a sterilized syringe 

and the tubes marked with the same glass jar 

mark. Shoots from Moris pineapple stock cul-

tures were cultured at a density of five shoots 

per culture. The cultures were incubated under 

constant temperature (25
0
 C) and 16 hours of 

light provided by fluorescent lamps for 30, 45, 

60 and 75 days. After 30 days of incubation, 

three culture tubes of each sucrose concentration 

were taken for data collection. The shoots were 

picked out to count the number of rooted shoots, 

number of roots per shoot, and to measure the 

roots length and plantlet height. A table for each 

rooting parameter of the different sucrose con-

centrations with three replicates was established 

and named the 30 days incubation tables. After 

45, 60 and 75 days, three culture tubes of each 

sucrose concentration were taken out of the cul-

ture room, and a table for each rooting parame-

ter of the different sucrose concentrations at 

each incubation period was established as were 

done after 30 days incubation. The tables of the 

same parameter obtained after different incuba-

tion periods (30, 45, 60 and 75 days) were com-

bined in one table containing all combinations 

of sucrose and incubation periods and used for 

the analysis of variance and testing the signifi-

cance of means by Duncan Multiple Range Test 

at p ≤ 0.05 using SPSS statistical package 

No.11. 

RESULTS 

Two-way analysis of variance (Table 1) showed 

that both of the sucrose and incubation periods 

had a significant effect on all in vitro rooting 

aspects of pineapple. However, the sucrose 

seemed to have a higher influence on rooting 

percentage, root number, and length than the in-

cubation period, while incubation periods af-

fected plantlets’ height more than the sucrose. 

The two factors exerted their influence inde-

pendently from each other except in root length, 

where a significant interaction was detected at p 

< 0.055. Overall sucrose concentrations, incuba-

tion for 30 and 45 days, had statistically an 

equal effect in root formation (2 roots), elonga-

tion (4 mm) and plantlets height (24 mm) but 

the rooting percentage increased from 32 to 43.1 

% as the incubation increased from 30 to 45 

days (Table 2). Incubation for 60 days resulted 

in intermediate responses where 55.6 % of the 

shoots rooted, forming 2.5 roots/shoots, 6.7 mm 

long roots, and the plantlets reached 31.7 mm in 
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height. Incubation for 75 days, on the other 

hand, (76.4%), more roots per shoot (3.1 roots), 

longest roots (12.1mm long), and tallest plant-

lets (39.17 mm). Similarly, across all incubation 

periods, none of the shoots cultured on MS en-

riched with sucrose at 5 g/l produced roots, and 

the plantlets were the shortest (20.1 mm tall) of 

all sucrose concentrations. No significant differ-

ence between the plantlets’ height in media en-

riched with sucrose at 10, 15, 20, 25, and 30 g/l 

(31.3 mm on average). In medium enriched with 

sucrose at 10 g/l, 35.4 % of the shoots rooted, 

forming 1.5 roots per shoot each 5.5 mm long, 

and the plantlets were 30.1 mm tall. No signifi-

cant difference in rooting percentage in media 

enriched with sucrose at 15, 20, 25, and 30 g/l 

(68.75 % on average). Medium enriched with 

sucrose at 15 g/l resulted in highest root for-

mation (3.8 roots) and medium enriched with 

sucrose at 10 g/l resulted in fewest roots (1.5 

roots), while intermediate root formation (3 

roots) was obtained in a media enriched with 

sucrose at 20 and 25 g/l. Medium enriched with 

sucrose at 20 g/l resulted in longest roots (11.5 

mm) and those enriched with sucrose at 10 and 

30 g/l resulted in shortest roots (5.4 mm), while 

intermediate root length (8.4 mm) obtained in 

media enriched with sucrose at 15 and 25 g/l. 

 

 Under 30 days of incubation, none of the shoots 

rooted in medium enriched with sucrose at 5 and 

10 g/l and the plantlets were the shortest (15.7 

mm) compared to plantlets rooted in the other su-

crose concentrations (22.3 mm). The highest root-

ing percentage (67%) was obtained in medium en-

riched with sucrose at 25 g/l while the highest 

roots per shoot (3.4 roots) and longest roots (5.3 

mm) were obtained in medium enriched with su-

crose at 15 g/l. For 30 days incubation, the best 

sucrose enrichment was 25 g/l according to root-

ing percentage and 15 g/l according to the other 

parameters (root per shoot, root length, and plant-

let height). Under 45 days of incubation also none 

of the shoots rooted in medium enriched with 5 

g/l. The highest rooting percentage (75%), roots 

per shoot (4 roots) and longest roots (7 mm) were 

obtained in medium-enriched with sucrose at 15 

g/l and the tallest plantlets (32.3 mm) were ob-

tained in medium enriched with sucrose at 20 and 

15 g/l while medium enriched with sucrose at 5 

g/l resulted in the shortest plantlets (19 mm) and a 

medium enriched with sucrose at 10 g/l resulted in 

the lowest rooting percentage (16.7 %), fewest 

roots per shoot (1 root) and shortest roots (1.7 

mm). For 45 days incubation, the best sucrose en-

richment was 15 g/l according to all parameters. 

Under 60 days of incubation, none of the shoots 

rooted in medium enriched with 5 g/l. The highest 

rooting percentage (91.7%), roots per shoot (4 

roots), and tallest plantlets (36.7 mm) were ob-

tained in medium enriched with 20 g/l and the 

longest roots (11.7 mm) were obtained in medium 

enriched with sucrose at 25 g /l.  

 

Table (1). Significant of main and interaction effect of incubation periods and sucrose concentrations on in vitro rooting 

response of Moris pineapple cultures on a liquid half-strength medium enriched with IBA at 2.0 mg/l. 

 

Factors df  Rooting parameters   

    Plantlet height Rooting % Root No. Root length 

      

Incubation periods 3 6.4E-08** 9.8E-06** 0.0500* 0.0002** 

Sucrose 5 0.0015** 2.3E-10** 7.3E-07** 7.5E-05** 

Incubation*Sucrose 15 0.8063 0.0879 0.4769 0.0054** 

Error 48     

Total  72         
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Table (2). Effect of incubation periods and sucrose concentrations on in vitro rooting of Moris pineapple cultured on liq-

uid half-strength MS medium enriched with IBA at 2.0 mg/l 

 

Incubation periods 

 

                                   Sucrose concentrations (g/l) 

 (Days) 5 10 15 20 25 30 Average 

Plantlet height (mm) 

     30 15.7 h 23.0 defgh 21.7 defgh 22.3 defgh 20.3 efgh 22.0 defgh 20.8 C 

45 19.0 gh 28.0 cdefgh 32.3 abcdefg 31.3 abcdefg 19.7 fgh 25.7 defgh 26.0 C 

60 21.3 defgh 34.0 abcdefg 36.0 abcde 36.7 abcd 29.7 bcdefgh 32.7 abcdefg 31.7 B 

75 24.3 defgh 35.3 abcdef 43.0 abc 43.7 ab 46.3 a 42.3 abc 39.17 A 

Average 20.1 B 30.1 A 33.3 A 33.5 A 29.0 A 30.7 A 

 Rooting % 

      30 0.0 f 0.0 f 50 bcde 41.7 cdef 66.7 abcd 33.3 cdef 32.0 D 

45 0.0 f 16.7 ef 75 abc 50 bcde 66.7 abcd 50 bcde 43.1 C 

60 0.0 f 25 def 75 abc 91.7 ab 75 abc 66.7 abcd 55.6 B 

75 0.0 f 100 a 91.7 ab 100 a 91.7 ab 75 abc 76.4 A 

Average 0.0 C 35.4 B 72.9 A 70.8 A 75.0 A 56.3 A 

 Root No. 

       30 0.0 d 0.0 d 3.4 abc 1.7 bcd 2.7 abcd 2.3 abcd 1.7 B 

45 0.0 d 1 cd 3.7 abc 2.0 abcd 2.7 abcd 2.3 abcd 2.0 B 

60 0.0 d 1 cd 4.0 ab 4 ab 3.3 abc 2.7 abcd 2.5 AB 

75 0.0 d 4 ab 4.3 ab 4.7 a 3 abc 2.7 abcd 3.1 A 

Average 0.0 D 1.5 C 3.8 A 3.1 AB 2.9 AB 2.5 BC 

 Root length (mm) 

      30 0.0 d 0.0 d 5.3 cd 3.7 cd 6 cd 3.0 cd 3.0 B 

45 0.0 d 1.7 cd 7 bcd 5.7 cd 5.3 cd 5.7 cd 4.2 B 

60 0.0 d 4.3 cd 10.7 bc 9.3 bcd 11.7 bc 4.7 cd 6.8 B 

75 0.0 d 16 b 10.3 bcd 27.3 a 10.7 bc 8.0 bcd 12.1 A 

Average 0.0 C 5.5 B 8.3 AB 11.5 A 8.4 AB 5.3 B   
 

Data were means of 15 shoots cultured at a density of 5 shoots per culture tube containing 6 ml of liquid, half-strength MS medium 

enriched with IBA at 2.0 mg/l. 

Means of each rooting parameter followed by the same letters were not significantly different at p ≤ 0.05 according to Duncan Multi-

ple Range Test.  

 

In summary, no rooting was obtained in medi-

um enriched with 5 g/l no matter how long the 

shoots were incubated. None of the shoots in 

medium enriched with 10 g/l produced roots 

during the first 30 days of incubation, and only 

a few shoots rooted after 45 and 60 days. How-

ever, all shoots rooted if the incubation extend-

ed to 75 days. The lowest root formation (1 root 

per shoot) and root elongation (1.7 mm long) 

obtained in medium enriched with sucrose at 10 

g/l and incubated for 45 and 60 days and the 

shortest plantlets (15.7 mm) obtained in medium 

enriched with sucrose at 5 and 10 g/l for 30 

days. The highest rooting percentage (100 %), 

the highest root formation (4.7 roots/shoot), root 

elongation (27.3 mm) and tallest plantlets (46.3 

mm) were all obtained after 75 days incubation 

but at different sucrose enrichment, 10, 20, 20 

and 25 g/l respectively.  

DISCUSSION 

Enrichment of medium with sucrose at 30 g/l 

and incubation for 30 days which is the most 

common practice for in vitro rooting was not the 

proper treatment for Moris pineapple. It resulted 

in the rooting of only 33 % of the shoots, and 

the plantlets were shorter than 25 mm. At any 

fixed incubation period sucrose at 15, 20 and 25 

g/l were a better choice for rooting than sucrose 

at 30 g/l, and at any fixed sucrose content any 

incubation periods resulted in a better rooting 

response than the 30-day long incubation (Table 
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2). Out of 24 combinations of sucrose concen-

trations and incubation periods, sucrose at 30 g/l 

and incubation for 30 days resulted in lower a 

rooting percentage than 15 of the combinations, 

shorter plantlets than 13, fewer roots than 8, and 

shorter roots than 9 of the tested combinations. 

Incubation for 75 days was the best incubation 

period for all rooting parameters. However, 

each parameter had different optimal sucrose 

concentration. The tallest plantlets (46.3 mm) 

were obtained in medium enriched with sucrose 

at 25 g/l, the highest (4.7 roots) and the longest 

(27.3 mm) roots were obtained in medium en-

riched with sucrose at 20 g/l, while the highest 

rooting percentage (100 %) was obtained in me-

dium enriched with sucrose at 10 and 20 g/l. Not 

only at each incubation period different rooting pa-

rameters had different optimum sucrose, but also 

the same rooting parameter had different optimum 

sucrose at different incubation periods. The best 

sucrose concentration for the highest rooting per-

centage of shoots incubated for 30, 45, 60, and 

75 days was 25, 15, 20, and 10 g/l respectively. 

On the contrary, the best sucrose concentration 

for plantlet height of the shoot incubated for 30, 

45, 60 and 75 days was 10, 15, 20, and 25g/l re-

spectively. The optimum sucrose concentration 

for root formation (root number) and root elon-

gation (root length) if shoots were incubated for 

30, 45, and 60 days was 15 g/l, and if shoots 

were incubated for 75 days was 20 g/l.  

    
Since different rooting parameters have differ-

ent optimum combinations of sucrose and incu-

bation periods, different combinations could be 

recommended depending on whether one, two, 

or all of the parameters were used for assess-

ment. For obtaining over 90 % rooting and roots 

longer than 10 mm, the choice would be be-

tween sucrose at 10 g/l and incubation for 75 

days and sucrose at 15 g/l and incubation for 60 

days. For the formation of more than three roots 

per shoot, the choice is sucrose at 10 g/l and in-

cubation for 75 days and sucrose at 15 and in-

cubation for 30 days. Plantlets obtained after 45 

days of incubation in medium enriched with su-

crose at 15 and 20 g/l and after 60 and 75 days 

of incubation irrespective of sucrose enrichment 

were taller than 35 mm. Sucrose at 15 g/l and 

incubation for 45 days and sucrose at 10 g/l and 

incubation for 60 days was the best compromise 

for lowest sucrose and shortest incubation in 

which plantlets were taller than 35 mm. The com-

bination of sucrose and incubation for lowest cost 

of rooting (Table, 3) appears to be one of the fol-

lowing: the low sucrose level of 10 g/l but longer 

incubation of 75 days, intermediate sucrose of 15 

g/l and shortest incubation of 45 days and high su-

crose of 20 g/l and intermediate incubation of 60 

days. Low sucrose reduces the sucrose cost, but 

long incubation increases the monthly electricity 

bill. Selection among these alternatives would 

depend on the cost of each added or saved 5 g/l 

of sucrose and the electricity bill of each in-

crease or decrease of 15 days of incubation ac-

cording to the price prevailed in the district at 

which the propagation takes place. The calcula-

tion of cost (Table, 3) showed that the cost of 

rooting was mainly due to incubation periods 

more than the concentration of sucrose. At a 

density of 5 shoots per culture, the minimum 

rooting cost per shoot was 3.95 cents, obtained 

when the shortest incubation (30 days) and low-

est sucrose (5 g/l) was applied while the highest 

cost was 5.88 cents when the longest incubation 

(75 days) and highest sucrose (30 g/l) was ap-

plied. At any incubation period, the difference 

in rooting cost per shoot at different sucrose 

concentrations was negligible (less than 0.02 

cents), while incubation of 30 days decreased 

the cost by 2 cents compared to 75 days of in-

cubation. In a previous report, we estimated the 

multiplication cost per shoot after 4 cycles of 

multiplication to be 0.9 (Hamad, 2017a) and if 

one liter of medium was used, to be 1.6 

(Hamad, 2017b) cents. This study showed that 

the rooting cost per shoot (rooting stage) ranges 

from 3.95 to 5.88 cents, which is 2 to 6 times 

the multiplication cost per shoot (multiplication 

stage). Hence, to efficiently minimize the cost 

of micropropagation, the effort should be con-

centrated on reducing the cost of rooting rather 

than the cost of multiplication. Otherwise, the 

complaints about the high cost of micropropagat-

ed materials would always be there even if the 
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multiplication was fully automated and at the highest rate.  
Table (3). Effect of incubation periods and sucrose concentrations on the rooting cost per shoot of Moris pineapple  

 

              

Incubation periods Sucrose concentration (g/l)  

 (Days) 5 10 15 20 25 30  Average 

 Rooting cost per shoot (cents)  

30   3.95          3.97  3.98 4.00 4.02 4.03 3.99 

45 4.57          4.58 4.60 4.62 4.63 4.65    4.61 

60 5.18          5.20 5.21 5.23 5.25 5.26    5.22 

75 5.80          5.81 5.83 5.85 5.86 5.88    5.84 

Average 4.87 4.89   4.91 4.92 4.94 4.96 4,92 

 
Mediums were prepared in glass jars, autoclaved at 1210C and 1.5 kg/cm2 for 20 minutes and dispensed into culture tubes under a lam-

inar cabinet. Shoots were rooted at a density of 5 shoots per culture tubes containing 6 ml of liquid half-strength MS medium enriched 

with IBA at 2.0 mg/l. and incubated under constant temperature (250C and 16 hours of light provided by cool white fluorescent lamps. 

 

 The selection of the best combination of incuba-

tion and sucrose should depend on whether the 

purpose of the experiment would be the reduction 

of propagation cost and obtaining plantlets that 

could survive acclimatization or physiological 

study of rooting. Minimum sucrose and shorter 

incubation which result in plantlet quality above 

that required for highest acclimatization survival 

are very important for low-cost micropropagation, 

while the determination of the time at which root-

ing takes place, and monitoring of increase in root 

number and length, and plantlet height over time, 

are important for the physiological study of roots 

and proper timing of histological and physiobio-

chemical analysis. Published studies did not elabo-

rate on the relationship between rooting percent-

age, root per shoot and root length, and plantlet 

survival. It is not known which one or two of the-

se parameters are very crucial for the survival of 

acclimatization. (Escalona et al., 1999) reported 

that the survival percentage of ex vitro acclima-

tized rootless shoots increased from 20 to 100 % 

as the size of the shoots increased from 20 to 80 

mm long. (Be & Debergh, 2006; Dal Vesco et al., 

2001; DeWald et al., 1988; Ko et al., 2006; 

Soneji et al., 2002a) respectively reported that 

over 90 % of  35, 50, 60, 70 and 80 mm long-

rooted pineapple shoots survived the acclimatiza-

tion stage. For pineapple, plantlet height is prob-

ably more crucial for acclimatization survival. 

Therefore, the selection should be for a combina-

tion of sucrose and an incubation period that re-

sults in plantlets taller than the minimum required 

height (35 mm) for survival at the lowest cost. If 

plantlets taller than 35 mm are suitable for suc-

cessful acclimatization, there will be two combi-

nations of sucrose and incubation period (sucrose 

at 15 g/l and 60 days and sucrose at 15 g/l and 75 

days) to choose from.  

But if the plantlet has to be taller than 40 mm, su-

crose at 15 g/l and incubation for 75 days is the 

cheapest combination. In this study, all of the plant-

lets obtained after each incubation, irrespective of 

sucrose enrichments and its rooting response, were 

used for acclimatization. Following Hamad, (2016) 

recommendation, plantlets were placed in pots full 

of sand under a polyethylene enclosure for 21 days 

and a shade house for 60 days. The survival of 

plantlets that were rooted for 30, 45, 60 and 75 

days was 70.0; 80.5; 84.5, and 94.3 % respective-

ly. Some of the plantlets of the 30 days incuba-

tion were rootless, and some were with fewer and 

shorter roots and the plantlets were less than 35 

mm in height. The low survival of these plantlets 

(70 %) may be due to one or more of these root-

ing parameters. If the survival of acclimatization 

is not of major interest, as in the case of physio-

logical study of rooting, different sucrose en-

richment has to be used at different incubation 

periods depending on which parameter was of 

major interest. After 45 days incubation, sucrose 

at 15 g/l, and after 60 days of incubation, sucrose 

at 20 g/l was the best enrichment for obtaining 

taller plantlets, highest rooting percentage and 
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more and longest roots while after 30 and 75 days 

of incubation, three sucrose enrichments could be 

used depending on the parameter of major inter-

est. In the case of 30 days incubation, sucrose at 

10 g/l for tallest plantlet, sucrose at 25 g/l for 

highest rooting percentage, sucrose at 15 g/l for 

more and longer roots, while in the case of 75 

days incubation, sucrose at 25 g/l for tallest plant-

lets, sucrose at 10 g/l for highest rooting percent-

age and sucrose at 20 g/l for more and longer 

roots.   
The optimum sucrose for rooting percentage un-

der 30, 45, 60, and 75 days of incubation was 25, 

15, 20 and 10 g/l (Table, 2). On the contrary, the 

optimum sucrose for plantlet height under 30, 45, 

60, and 75 days of incubation was 10, 15, 20, and 

25 g/l. This means that high sucrose enrichments 

improved shoot rooting (rooting percentage) un-

der a short incubation regime but retarded the 

shoot growth (plantlet height). While under a 

long incubation regime they retarded shoot root-

ing but improved shoot growth. This indicated 

that the two processes of root initiation and plant-

let elongation did not occur simultaneously, but 

one of them followed the other. Under low su-

crose enrichment, the shoot directed the sucrose 

use for shoot growth and then for root initiation, 

and under high sucrose enrichment, the shoot di-

rected the sucrose use first for root initiation and 

then for shoot growth. Both of the two parame-

ters increased as the incubation periods increase 

up to 75 days, but the time at which most shoots 

rooted and the highest increase in plantlet height 

occurred varied over each 15 day period among 

the different combinations of incubation period 

and sucrose concentration. Being that no rooting 

occurred in medium enriched with 5 g/l even if 

the incubation period increased to 75 days while 

the plantlet height reached 24 mm tall indicated 

that initiation of the rooting process in the pres-

ence of 5 g/l requires shoots longer than 24 mm. 

Failure of shoots to form roots for the first 30 

days in medium enriched with sucrose at 10 g/l 

while 75 % of shoots form roots in the period be-

tween 60 and 75 days indicated that the shoot 

length limit for rooting in the presence of sucrose 

at 10 g/l is 35 mm long shoots. Noticing the peri-

od at which 50 % of the shoots rooted indicated 

that the required shoot length for rooting in me-

dium enriched with 15, 20, and 20 g/l was 22 

mm. Similarly, it can be noticed that the required 

shoot length for rooting of over 75 % of shoots in 

medium enriched with 10, 15, 20, 25, and 30 g/l 

was 35, 32, 37, 30, and 42 mm respectively. It 

seemed that the rooting started after the shoots 

attain a certain size, and the sucrose is not in-

volved in rooting directly, but by enhancing the 

shoot to reach the size required for the shoot to 

gain root forming ability.  
Sucrose was involved in controlling the time at 

which the root initiation occurred and also the 

pattern of root formation and elongation over 

time. In medium enriched with sucrose at 5 g/l, 

the shoots failed to root even if the incubation ex-

tended to 75 days. In medium enriched with su-

crose at 10 g/l, no rooting occurred in the first 30 

days and only 25 % rooted in the first 60 days of 

incubation, but all of the shoots rooted when the 

incubation extended to 75 days. That is, 75 % of 

rooting occurred in the last 15 days of incubation. 

Incubation shorter than 75 days will result in poor 

rooting. On the contrary, in medium enriched 

with sucrose at 15 g/l, 75 % of rooting occurred 

within the first 45 days of incubation, no rooting 

occurred in the period between 45 and 60 days 

and only 17 % rooted in the period between 60 

and 75 days of incubation. Under this sucrose en-

richment, incubation should be terminated after 

45 days. In medium enriched with sucrose at 20 

and 25 g/l, 92 % of shoots rooted within the first 

60 days and only 8 % rooted in the period be-

tween 60 and 75 days of incubation. In medium 

enriched with sucrose at 30 g/l, 67 % of shoots 

rooted in 60 days, 8 % in the period between 60 

and 75 days, and 25 % of the shoots failed to root 

even if the incubation extended to 75 days. That 

is if the medium is enriched with sucrose at 20, 

25, and 30 g/l the incubation should be terminat-

ed after 60 days of incubation.  

Similarly, depending on sucrose enrichment, the 

process of root formation (root number), and 

elongation (root length) ranged from did not start, 

stopped after 30, 45 or 60, days to be a continu-
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ous process for 75 days. In medium enriched with 

sucrose at 10 g/l, no root formation occurred in 

the first month and most of the roots occurred in 

the last 15 days of the 75 days incubation (60 to 

75 days). On the contrary, in medium enriched 

with sucrose at 30 g/l, shoot rooting occurred in 

the first month and no root formed after that even 

if the incubation extended to 75 days. In medium 

enriched with sucrose at 15 and 25 g/l, root for-

mation occurred in alternative cycles. Root for-

mation occurred in the first month of incubation 

and the period between 45 – 60 days, and no 

formation occurred in the period between 30- 45 

and 60- 75 days of incubation. In medium en-

riched with sucrose at 20 g/l, root formation was 

a non-stop continuous process of alternative slow 

and fast root growth over 75 days of incubation. 

Similarly, root elongation was also a continuous 

non-stop process for 75 days in medium enriched 

with 10 and 20 g/l. However, in medium enriched 

with sucrose at 15, 25, and 30 g/l no root elonga-

tion occurred after 60 days of incubation. Daily 

and weekly records of the changes in rooting pa-

rameters would determine the time of fast, slow 

and no growth, and the best time for histological 

and biochemical analysis.  

 

Although the weight and length of the shoots 

used during rooting were not taken into consider-

ation,(Ramirez-Malagon et al., 2001) found that 

heavy shoots of Spathiphyllum floribundum ob-

tained during multiplication had a higher chance 

of survival during acclimatization. Hamad 

(2017c) found that the period of the highest in-

crease in shoot weight and length of Smooth cay-

enne pineapple over each 15 days of 105 days of 

incubation varied depending on the hormone 

treatments and occurred after the shoots incubat-

ed for more than 45 days. Weight, length, and 

density of shoots at the beginning of the rooting 

stage may have great influence in its rooting re-

sponse to sucrose and incubation period and pro-

posed for future testing. (Hamad et al., 2013) 

found that the different rooting parameters of 

Moris pineapple had different optimum hormone 

type and concentration and medium strength and 

the rooting percentage ranged from 30 to 100 %, 

root number from 1 to 10 roots, root length from 

5 to 65 mm and plantlet height from 19 to 65 

mm. For taller plantlets they recommended the 

use of IBA at 0.5 mg/l in quarter strength solid 

MS and IAA at 2.5 mg/l in full strength liquid 

MS. Quarter strength MS and IAA at 2.5 mg/l is 

suggested for future testing in combination with 

shoots of different length and density under dif-

ferent photoperiods at 5, 10 and 15 grams of su-

crose per liter of medium over 30 and 45 days of 

incubation. Such testing may come up with a 

treatment that overcomes the no rooting in medi-

um enriched with sucrose at 5 g/l and incubated 

for 30 days, or shorten the incubation in medium 

enriched with sucrose at 10 g/l from 75 to 30 

days and would reduce the cost and result in 

plantlets with the quality required for survival of 

acclimatization. 
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, 41لتررر( وبربررر فترررام تحضررين )/رامجرر 41و  27, 21, 07, 01, 7لسرركروز )تركيررزام مررن ا ةختبررر ترر سير سررتا :مستتتخم ال
 MSالمرزرو  فري نفر  قروط وسري موريسريوز و سركو  و  مخبريرا Moris ( في تجذير فريرر بنانراس فرن اً يوم 57و  01, 37

فررري الوسررري المرررزود  ةن الفريعرررام المزروعرررإفرر ةلأربعرررا. فرري كرررل فتررررام التحضرررين لترررر /مرررل 2.1بتركيرررز   IBAالمررزود بمرمرررون 
لتررر رام/ج 01الوسرري المررزود بسرركروز بتركيررز  . كررذلل لررم تتكررون جررذور فرري/لتررر فتررمم فرري تكرروين جررذورجرام 7بسرركروز بتركيررز 

م( وبكسررر عرردد مررم 24%( وبيررول نبيترره ) 00تجررذير ) نسرربة ىمررن التحضررين بعمرر اً يومرر 41. بعررد مررن  التحضررين اً يومرر 41خررلال 
 ىعمر لترررام/ج 07, و07, 01, 27روز بتركيرز ممرم( جرذور ترم الحفرول عميمرا فري وسري مرزود بسرك 7.4جذر( وبيول ) 4.3)

 4.5ممررم ,   42.4% ,  57) ةلأربعررالأي وجرره مررن بوجرره التجررذير  ةقيمرر ىن بعمررإفرر مررن التحضررين اً يومرر 37بينمررا بعررد  ,الترروالي
نسرربة تجررذير  ىبعمرر اً يومرر 01. بعررد رام / لترررجرر 07ا فرري وسرري مررزود بسرركروز بتركيررز ممررم( تررم الحفررول عميمرر 5جررذر , بيررول 

 4.5لترر بينمرا بكسرر عردد )رام/ج 21ا فري وسري مرزود بسركروز بتركيرز ممم( تم الحفول عميممر 40.5%( وبيول نبيته ) 20.5)
كرل الفريعرام  اً يومر 57. بعرد رام/لتررج 07وسري مرزود بسركروز بتركيرز  ا فريممم( جذور تم الحفول عميم 01.5جذر( وبيول )

سكروز بتركيز ببينما تزويد الوسي  لتررام/ج 21وتركيز  01بسكروز بتركيز  اً زود%( عندما كان الوسي م 011) اً بعيم جذور 
جررذور(  3.5بكبررر عرردد ) ىلررإ ىلتررر بدرام/ج 21( وسرركروز بتركيررز ممررم 30.4بيررول نبيترره ) ىلمحفررول عمرر ىلتررر بدرام/ج 27

التجرذير  كرل وجره مرن بوجره. عنرد كرل يرول فتررط تحضرين تنرال تركيرز مسرالي مختمر  مرن السركروز لممرم( جرذور 25.4وبيول )
 . ةالمختمف
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Abstract: Total thyroidectomy is considered the best choice for thyroids carcinoma. However, it is 

still controversial for benign thyroid diseases because of higher complication rates. But meticulous 

surgical techniques by expert surgeons can avoid most of the complications and thereby avoid the 

risk of reoperation for any recurrences. The objective of the study was to evaluate and justify the 

use of total thyroidectomy in benign thyroid diseases especially in multinodular goiter and Grave’s 

disease. We have carried out an ongoing prospective study of thyroidectomy cases for different in-

dications over a span of 5 years, from 2012 to 2016; in the Surgery department, Al-Thowra teaching 

hospital, Al-Bayda. The total number of operated cases was 353. Cases were distributed according 

to age, sex, diagnosis and operative procedures. Various complications encountered were enlisted. 

Total thyroidectomy was performed in 247 cases for MNG and Thyroid malignancy. Hemi-

thyroidectomy or lobectomy was done in 82 cases for solitary nodules. Enucleation of cysts was 

done in 6 cases. Operations were done for recurrent nodules in 18 cases. Overall complications 

were few and only minor. We recommend total thyroidectomy for all cases of MNG; which will 

reduce the risk of recurrence and development of malignancy in residual thyroid tissue. It also can 

prevent secondary thyrotoxicosis. 
 

Keywords: MNG, Malignant thyroid, Total thyroidectomy. 

INTRODUCTION 

The goiter is a term used for abnormal thyroid 

gland enlargement which may be physiological 

due to repeated physiological stress as in puber-

ty, pregnancy and during lactation or pathologi-

cal.  It is a common endocrine problem in espe-

cially endemic mountainous areas like our city, 

mainly due to iodine deficiency. The term nodu-

lar goiter either multiple or solitary which 

means the presence of a solitary nodule or mul-

tiple nodules termed as discrete thyroid nodules. 

The multinodular goiter is a common benign 

thyroid pathology, where the thyroid gland af-

fected by several different size nodules which is 

a more common condition than diffuse enlarge-

ment goiter, thyroiditis, cysts, and solitary nod-

ule. The functional disorders of the thyroid 

gland which may be due to an increase in the 

secretion of thyroxin (toxic) or a decrease in the 

hormone level in the blood (hypothyroidism). 

Of course, different types of thyroid carcinomas 

(like papillary, follicular, anaplastic and medul-

lary carcinomas) are also seen. The main indica-

tion for total thyroidectomy is the presence of 

cancer in the thyroid gland, also used for mul-

tinodular goiter and grave's disease.  

The increasing use of total thyroidectomy in this 

decade for the treatment of benign thyroid dis-

eases because of higher incidences of recurrence 

which may require reoperation for thyroid gland 

may by dangerous and risky in such cases. 

Many surgeons perform conservative thyroid 

surgery rather than total thyroidectomy for be-

nign thyroid diseases to decrease the risk of 

postoperative hypothyroidism and recurrent lar-

yngeal nerve injury. This controversy still exists 

https://doi.org/10.54172/mjsc.v34i4.171
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between thyroid surgeons regarding the use of 

total or conservative thyroid surgery. Yang W, 

Shao T on 2009 stated; total thyroidectomy pro-

vides decisive advantages over partial or subto-

tal thyroidectomies in terms of recurrence and 

reoperation rate with comparable postoperative 

complications (Tezelman et al., 2009; Yang et 

al., 2009).  Efremidou El, Papageorgiou MS, 

2009 reviewed 932 total thyroidectomies per-

formed for benign thyroid diseases when sur-

gery was indicated. And inferred that, total thy-

roidectomy is safe and is associated with a low 

incidence of disabilities and complications 

comparable with the endocrine surgery unit 

(Efremidou et al., 2009).  

(Mauriello et al., 2016) stated that the Dunhill 

procedure seems to be a good compromise be-

tween radially and prevention of complica-

tions, avoiding reoperation for recurrence or 

completion thyroidectomy for incidental thy-

roid carcinoma but needs more study for be-

nign thyroid diseases (Mauriello et al., 2016). 

This study aimed to evaluate and justify the 

use of total thyroidectomy in benign thyroid 

diseases especially in multinodular goiter and 

diffuse hyperplastic goiter. 

MATERIALS AND METHODS 

This study was carried out in El-Thowra 

teaching hospital, Al-Bayda, Libya over a span 

of 5 years, starting from 2012 up to 2016. This 

has been an ongoing prospective study. 

The total number of cases that were operated 

on was 353. Year, age and sex were studied. 

The investigations carried out are routine he-

matological investigations CBC, Thyroid 

function test, and FNAC, Chest X-Ray, ECG, 

and indirect laryngoscopy in a selected num-

ber of cases where there were compression 

symptoms (23 cases). FNAC was done in all 

cases of solitary thyroid nodules or dominant 

thyroid nodules or cysts; before surgery to ex-

clude malignancy. Diagnosis of Thyroid dis-

ease cases are presented in Table 1. 

Indications for thyroidectomy: goiter with 

compression features, multinodular goiter with 

toxicity, patient demand: because of huge size, 

and fear of developing toxicity or malignancy 

and malignant neoplasm. The surgical proce-

dures carried out: total thyroidectomy (247) 

cases, hemi thyroidectomy / lobectomy (82) 

cases, enucleation of cysts (6 cases) and re-

operation for recurrent thyroid nodule (18 cas-

es). Different surgical procedures carried out 

are presented in Table 1 

RESULTS 

The total number of cases operated for thyroid 

disease was 353. Out of which; total thyroid-

ectomy was done in 247 cases for MNG and 

malignancy. Hemi thyroidectomy or lobecto-

my was done in 82 cases for solitary nodule. 

Enucleation of cysts was done in 6 cases; 

where the cysts were either composite or re-

curred after 3 times aspiration. Operations was 

done for recurrent nodules in 18 cases. Overall 

complications were minor and few. 

Complications encountered in our study: He-

matoma: 3 cases, which appeared within 48 

hours after removal of drain. All, hematoma 

cases were evacuated under GA. Hypocalcae-

mia: 4 cases showed clinical features of tetany 

5 days postoperatively and were hospitalized 

for treatment with injectable calcium glu-

conate. They have recovered. Hoarseness of 

voice: 9 cases of which 3 cases were operated 

for recurrence of goiter or tumors. Initially, 

they were put on injectable Hydrocortisone for 

3 days with a tapering dose and subsequently 

slowly tapered. All of them recovered within a 

span of 8 to 12 weeks. Wound infection: 2 

cases, where one of them was put on antibiotic 

treatment. Complications encountered in our 

study are presented in Table 1. 
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Table:(1). Diagnosis, surgical procedures and compli-

cations  

diagnosis Number of cases percentage 

MNG 221 62.60% 

Solitary adenoma 82 23.22% 

Composite cyst / recur-

rence 

 after 3 aspirations 

6 1.69% 

Recurrence of thyroid 

nodule 
18 5.09% 

Malignancy  26 7.37% 

Toxicity 39 11.04% 

Types of surgery 

-Total thyroidectomy 247 69.97% 

-Hemithyroidectomy/ 

lobectomy 
82 23.22% 

-Enucleation of cyst 6 1.69% 

-Reoperation for recurrent 

thyroid nodule 
18 5.09% 

Complications : 

-Haematoma formation 3 0.84% 

-hypocalcaemia 4 1.13% 

-Hoarseness of voice 9 2.54% 

-Wound infection 2 0.56% 

 

DISCUSSION 

Normally partial or subtotal thyroidectomy is 

done in cases of MNG; to avoid complications 

such as injury to the RLN or parathyroid glands. 

Secondly, patients have to take thyroxine life-

long; which is costly and the patient must be ed-

ucated enough to understand the importance of 

continuing the medicine regularly. Padur AA, 

Kumar N in 2016 stated in their review article 

regarding the appropriateness and safety of total 

thyroidectomy and compared with sub-total thy-

roidectomy and other thyroid surgeries. Many 

retrospective studies and few prospective studies 

suggested that the incidence of transient hy-

pocalcaemia is higher after total thyroidectomy 

than after subtotal thyroidectomy, but the inci-

dence of other complications including recurrent 

laryngeal nerve palsy and postoperative haema-

toma is not significantly different between the 

two procedures (Padur et al., 2016). Hence, in 

our review study, we found that total thyroidec-

tomy is safe and cost-effective with low compli-

cation rates and provides a small yet significant 

advantage of being a safer procedure compared 

to subtotal thyroidectomy.  (Rosto et al., 2000) 

have reviewed 14,934 thyroidectomies per-

formed in 42 surgery units in Italy; compared the 

complications associated with total thyroidecto-

my versus subtotal thyroidectomy with unilateral 

and bilateral remnants.  

 

The cases reviewed consisted of 9,599 TT 

(64%0, 3,130 TLI (21%) and 757 ST-BR (5%), 

13,023 (87%) cases were suffering from benign 

diseases and 1,911 (13%) from malignancies. 

Recurrent laryngeal nerve injuries were present 

in 4.3% of TT with 2.4% transient and 1.35 de-

finitive (as against 3% in ST-BR and 2% in ST-

UR with 1.4% and 1.1% transient and 1% and 

0.6% definitive). Hypocalcaemia after TT was 

transient in 14% and definitive in 2.2% (as 

against transient rates of 5% in ST-BR and ST-

UR and definitive in 0.6% and 0.8% respective-

ly).  Haemorrhage occurred in 1.6% of TT cases 

(as against 2.1%, 0.5% and 0.4% in ST-BR, ST-

UR respectively) (Rosto et al., 2000).  Circchi R, 

Trastulli S. in 2015 inferred that goitre recur-

rence had reduced following total thyroidectomy 

(Cirocchi et al., 2015). Gangappa RB, Kenchan-

navar MB, in 2016 stated that total thyroidecto-

my shows benefits in eradicating multinodular 

goitre, alleviating Grave’s ophthalmopathy, 

treating Hashimoto’s thyroiditis and preventing 

recurrence (Gangappa et al., 2016). Agawal G, 

Aggarwal V  in 2008 inferred that total thyroid-

ectomy is the procedure of choice for the surgi-

cal management of benign multinodular goitre 

(Agarwal & Aggarwal, 2008).  

  

Whereas (Thomusch et al., 2003) mentioned; 

total thyroidectomy is associated with an in-

creased rate of RLN palsies, hypoparathyroidism 

and postoperative morbidity in comparison to 

less extensive thyroid surgery. (Thomusch et al., 

2003). We have carried surgical procedures irre-

spective of the political instability and financial 

constraints in our country. Hence the number of 

surgeries varied in different years. In our study, 

we did carry out total thyroidectomy for our be-
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nign multinodular goiter cases with bare mini-

mum complications. 

CONCLUSION 

The study carried out Total thyroidectomy for 

all cases of MNG and Malignant thyroid. We 

have encountered very few complications in-

cluding RLN palsy and injury to parathyroid 

glands. Textbook advice for MNG is partial or 

subtotal thyroidectomy. But we recommend 

total thyroidectomy for MNG cases; because 

complications will be very few if proper surgi-

cal techniques are used. 
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 العنقودية الحميدة الدرقية لمغدةالكاممة لمغدة  وكفاءة الازالةأمان 
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 2019ديسمبر  30/ تاريخ القبول:  2019 أبريل 08تاريخ الاستلام: 
Doi:https://doi.org/10.54172/mjsc.v34i4.171  

 

 ما في الحالات الحميدة لازال محل خلافأالازالة الكاممة لمغدة الدرقية في حال وجود الاورام الخبيثة أمر متفق عميه  المستخمص:
عثثثن طريثثثق جثثثراك خبيثثثر تمكببثثثا مثثثن اجتبثثثاب ا مثثثب فثثثي الازالثثثة الكاممثثثةر دقثثثة الجراحثثثة  معثثثدل المضثثثاعفات يكثثثون أعمثثث  حيثثثث ان

الحميثدة  للأمثرا الكاممثة لمغثدة  وتبريثر الازالثةهثدف هث ا الدراسثة لمعثايرة  المضاعفات ومن ثم تجبب اجراء جراحات متكررة الغثدةر
مثثن فتثثرة  سثثبوات 5عمثث  مثثد   عمميثثات  ثثدة درقيثة اسثثتطلاعية لحثثالاتدراسثثة ر أجريبثا ومثثر   ثثرايفسخاصثة فثثي الغثثدة العبقوديثثة 

والجبس والتشثخي  حالةر وزعت الحالات حسب العمر  353 لعدد-البيضاءفي قسم الجراحة مستشف  الثورة  2016حت   2012
حالة لمغدد العبقودية  247رقية عدد حالات الازالة الكاممة لمغدة الدر تم دراستهامضاعفات مختمفة  واجهبا المستخدمةر وبوع العممية
اجريثت حثالاتر  6زالة كثيس فقثط فثي الغثدة اجثري فثي إحالة لكتمة وحيدة في الغدةر  82جريت في أر ازالة بصف الغدة واورام الغدة

ت الكاممثة لمغثدة لجميثا حثالا بالإزالةر بحن بوصي وبسيطةحالةر المضاعفات العامة كابت قميمة  18 في عمميات عم   دة متكررة
    دة الثابوير  تسمم الغ وك لك لمبابسجة الغدةر أالخبيثة في بقايا  وتطور الاورامبقا  خطر التكرر لإالغدة العبقودية 

 .الغدة العبقودية الخبيثة،اورام الغدة  لمغددة،الازالة الكاممة  :المفتاحيةالكممات 
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Abstract: This study aimed to understand the mechanism of combining the action of different types 

of flame retardants (FR) on melting, flammability behaviour and burning behaviour, and its 

moderation of the Polypropylene (PP) polymer. PP Polymer was chosen to be blent in a twin-screw 

extruder with the flame retardants and an additive, which is a 1% Stabilizer, to investigate 

Polypropylene's melting, flammability and burning moderation in order to reduce it. Burning and 

flammability behaviour test conditions, which are known as UL49 vertical and horizontal burning 

tests, were applied in this study. The flame was applied for 10 seconds and the length of time that 

the sample burned was measured. The flame was reapplied 10mm below the burned edge of the 

sample for a further 10 seconds. The length of time the sample burned for a second time was 

measured. The melting, dripping, and burning behaviour was recorded using high-speed video. 

These PP Polymer samples behave very differently in terms of upward flame spread. The study also 

indicates that the melting behaviour of thermoplastic materials is an important characteristic in fires 

which should be taken into account in the development of models, in particular for upward flame 

spread models. To study melt dripping behaviour, a burning methodology was developed. The 

results from these experiments have been analyzed to draw a relationship between melt dripping 

and burning behaviour. Most of the previous work on melt and dripping behaviour was 

concentrated on the study of fire operating conditions and modelling of the thermal process, 

however, no work has been reported on the quantitative relationship between melt and burning 

behaviour of thermoplastic polymers. 

 

Keywords: Flammability, PP Polymer, Flame retardants, Thermoplastic, Burning, Stabilize. 

 

INTRODUCTION 

The present study is part of a larger project 

exploring the production of fire retardant 

synthetic nano/micro composite fibres. This 

work concentrated on Polypropylene also 

known as Polypropylene (PP) which is a useful 

commodity polymer mainly used in clothing, 

furniture, floor coverings, geotextiles, medical, 

and automotive applications, due to its low 

cost, lightweight, good mechanical properties 

and low reactivity towards other chemicals.  

Polypropylene (PP) had higher values for 

tensile strength at break. Polypropylene 

polymer degradation occurs at high 

temperatures. The Polypropylene polymer (PP) 

melting temperature is 174
o
C if pp is 100% 

isotactic, and the temperature of the glass 

transition of pp polymer is -17
o
C. The main 

advantage is that PP is an addition polymer 

made from the monomer propylene, causing it 

to be unusually resistant to many chemical 

solvents, acids, and bases. However, being a 

wholly aliphatic hydrocarbon structure, it burns 

https://doi.org/10.54172/mjsc.v34i4.141
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very rapidly with a relatively smoke-free flame 

and without leaving any char residue (Zhu et 

al., 2001). Lack of polar groups in the structure 

makes it difficult to react with reactive flame 

retardants. Additive flame retardants if used, 

are needed in large amounts (> 20% w/w) to 

provide the required fire protection to 

products(Zhang et al., 2005). This flame 

retardancy effect increases with increasing 

irradiation and vanishes with decreasing 

irradiation (Qin et al., 2005). However, such 

high levels of additives cause polymer 

processing problems, in particular for their 

extrusion into thin films or fibres. The flame 

retardancy is sensitive to modification of the 

flame retardant, the use of synergists/adjuvants, 

and changes to the polymeric material. A 

detailed understanding facilitates the launch of 

tailored and targeted development (Morgan & 

Wilkie, 2007). Flammability tests still require 

some amount of conventional flame retardants. 

It must be noted, however, that with this 

approach of using flame retardants as additives, 

the polymer content in the formulation is 

reduced compared to the unmodified polymer. 

In our earlier publications, we have 

demonstrated that nanoclays can be 

nanodispersed in polypropylene with a proper 

choice of compatibilizer, and the compounded 

polymer can be extruded into fibres (Gilman, 

2007; Qin et al., 2005). Nanoclays, although 

increasing the thermal stability of 

polypropylene and helping in char formation 

(Xie et al., 2001), they do not reduce the 

flammability of PP fibres to a large extent (Qin 

et al., 2005). Clay, Nano clay, and a small 

amount of flame retardant (5%) when added 

together to PP containing certain 

compatibilizers, the extruded fibres could be 

self-extinguished. In our previous work, we 

have only used ammonium polyphosphate (Qin 

et al., 2005) whereas, in this study, we use 

different phosphorus. The main aim of this 

work is to understand the mechanism of 

combining the action of different types of 

flame retardants on thermal stability and 

flammability of PP. Several polypropylene 

samples containing compatibilizer, clay, 

stabilizer, and different flame retardants have 

been compounded in a twin-screw extruder.  

MATERIALS AND METHODS 

The following materials were obtained from 

commercial sources: the seven different 

thermoplastic Polypropylene polymers (PP). 

Samples are tested after blended with UV-

Stabilizer (Nor) and Flame Retardants.  

 

Polymer Preparation: The 7 polypropylene 

samples composition (wt %) and additives 

were blended with 1% Stabilizer (Nor 116), 

and 5% FR as shown in Table 1. For Limiting 

oxygen index LOI; (LOI schematic as seen 

below) and burning tests, coarse 

monofilaments (strands) were blended to the 

PP wt. %, stabilizer 1 wt. %, and FR 5 wt. % 

(Table 1). However, the nanoclays which could 

be used (Cloisite 20A, and Southern Clay 

Products, USA) are montmorillonite clay 

modified with dimethyl and dihydrogenated 

tallow quaternary ammonium chloride. This 

modified clay was chosen because of its 

nonpolar alkyl substituents. A Thermoelectron 

Prism EuroLab 16 twin-screw extruder with a 

temperature profile over six heating zones 

between 179–1900C was used for 

compounding. The polymer samples (diameter 

1.8 ± 0.2 mm) were collected before 

pelletizing. 

 

 
 

The schematic of the (LO1) tests 
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Table (1). Mass percentages of various components in 

the formulations where Stabilizer 1% is NOR 116. 

Sample5(%) pp % Clay 

3% 

Graft 1% FR 

1- PP-Nor 

116 

100 -- -- -- 

2- PP-APP 

107 

96 107 Polybond 

(pb) 

-- 

3- PP-NOR-

NH 

91 107 Polybond APP 

4- PP FR 107 91 107 Polybond 
1
FR245 

5- PP 

Amgard 107 

91 107 Polybond Amgrad 

NH 

6- PP 3OB 96 3OB Polybond -- 

7- PP APP 

3OB 

92 3OB -- APP 

Note:  
1 
FR = APP, NH, FR245, also PP-NOR-NH is PP 

107,FR372 or FR245
. 
 

 

Characterisation and Testing: Halogenated 

flame retardants FR245 and 372 had little 

effect on the rate of decomposition (Efhma, 

2018).The addition of clay with or without 

flame retardants increased the thermal stability 

of all samples as indicated by respective DTG 

(The differential thermal analysis (DTA) was 

performed on a TA instruments SDT 2960 

simultaneous TGA instrument under flowing 

air) maximum temperature values (Efhma, 

2018). Clay, together with melamine 

phosphate, had no further effect (Schartel et al., 

2006; Xie et al., 2001) on the flame retarded 

sample or the incompatibility of melamine 

phosphate with the organically modified clay. 

This has also been observed in my previous 

study (Efhma, 2018). Thus, the addition of clay 

together with conventional flame retardants 

enhances both the overall melt and burn with 

flaming drips during UL-94 testing. UL-94 test 

of Flame spread and burning behaviour and 

Flammability in horizontal and vertical modes 

as seen in fig.1.  

 

The differences are due to the effect of 

different flame retardants on the dispersion of 

the clay (Morgan & Wilkie, 2007; Xie et al., 

2001) They also reduce the rate of gas escape 

from polymer melt affecting the viscosity and 

hence, prevents the melt dripping of the 

polymer during vertical UL-94 testing and 

holds the polymer together (Hu & Song, 2007). 

As can be seen from Figure 1 FR245 in PP 

helps samples self-extinguish (SE) i.e. 

flameout (FO). 

 

Flame spread and burning behaviour: 

Flammability of the compounded polymer 

strands was studied using UL-94 testing 

(Figure1 a, b, c, d, e, f, and g 1, 2), igniting the 

sample and recording times taken to reach 50 

(T1) (Table 2 and 3) and 100 mm (T2) marks 

and to extinguish (flameout, FO) in both 

horizontal and vertical modes. Selected images 

are shown in Figure 1 and Table 2. In the 

horizontal mode the PP sample melted and 

burned with flaming drips. In both horizontal 

and vertical modes, all samples with flame 

retardants and no clay, burnt completely (Fig. 

1b and e), which is not unexpected, given the 

low levels (5%) of flame retardants used here. 

However, the flame spread was low as seen in 

Table 3. On addition of clay to the 

compounded polymer, a change in burning 

behaviour was observed and recorded, e.g. 

samples self-extinguished (SE), except for the 

one containing a melamine phosphate sample 

PP-NOR-NH (see Table 2 and 3, also Figure 

1f). In some samples (e.g. containing APP) the 

flame flickered, which was probably due to 

poor dispersion of the flame retardant in the 

polymer (Hu & Song, 2007).  

The UL-94 vertical burning test (Morgan & 

Wilkie, 2007; Zhu et al., 2001) is a widely used 

fire test for industrial polymeric materials and 

products. The flaming time and the dripping 

phenomena are two observed test results that 

have been reported for many materials. Good 

flame retardant formulations that gift polymers 

with short flaming times and non-dripping are 

also screened by the two test results. However, 

the test results have generally no use for the 

theoretical understanding of the advantages of 

the good formulations because the results are 

not related to the fire dynamics. Especially, the 

ignition process, the burning rate, the flame 
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spread rate, and the rate of dripping for 

polymers in the UL-94 vertical burning test as 

they have not been focused on. In fact, 

although numerous good flame retardant 

formulations for polymers are often reported, 

few fundamental studies on the basics of the 

fire dynamics of the test have been conducted. 

Furthermore, the absence of the fire dynamic 

behaviours of polymers in the UL-94 test also 

makes it difficult to correlate the UL-94 test 

with other fire tests such as the cone 

calorimeter test, in which more scientific 

parameters such as heat release rate and mass 

loss rate are presented. 

 

Figure: (1). Summery of the results of UL-94 test (both horizontal and vertical modes) of 7 PP samples composition 

(ww%) blended with 1% Stabiliser,1% Graft, 3% Clay  and 5% FR, as seen in Table1, their size is 125 mmx 10 mmx 3 

mm thick. 
Note: T1 = time to 50mm; T2 = time to 100mm; FO = flameout time; M = melting; BD = burning drips; LBD = low burning drips 

SE =     self-extinguished; * = burnt completely. 

In the vertical mode, burning of the control 

sample was more vigorous with melting drips 

(see Tables 2 and 3 and Figures 1b and c). 

With flame retardants, there was not much 

effect on burning, except for the sample 

containing FR372 which self-extinguished  

(Figure 1g). The clay presence in PP reduced 

melt-dripping e.g. sample PP-NOR-NH –

sample 3- (Fig.1e), but had minimal effect on 

burning, however, with Clay no FR, FR 245, 

Amgrad NH, and FR APP respectively (Tables 

1 and 2), the effect was promising and the 
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samples which self-extinguished were samples 

2, 4, 5 and 7 (Table 2) also Figure 1g, 

furthermore, the Melting behaviour and 

Physics properties were recorded as seen in 

Fig.1. 

Melting behaviour and Physical properties: 

In the UL94 vertical burning test, the mass of 

the first drop increases with the first dripping 

time. The high dripping frequency and the 

small size and mass of PP agree with the 

observation that in the UL94 vertical burning 

test the rate of dripping decreases while the 

size and mass of drops increase (fire drip, 

1996). These results and more can be seen in 

Table 3 by recording the times and masses for 

the first dripping. Furthermore, for PP it can be 

found that the first dripping time does not 

significantly increase with the specimen 

thickness.

 
 Table (3). Record the times and masses for the first dripping to investigate the melting behaviour  

Specimen A Specimen B 

Polymers Thickness 

(mm) 

TD (s) MD (g) TD (s) MD (g) ATD (s) AMD (g)  ADD 

(mm) 

PP 

2 13 0.0158 12 0.0186 12 0.0172 3.3 

4 15 0.0146  14 0.0287 14 0.0217  3.6 

6 16 0.0078  15 0.0147  15 0.0113  2.9 

8 14 0.0067  16 0.0012  15 15 0.0040  2.0 

10 14 0.0086  15 0.0110  15 0.0098  2.8 

 
Note: TD, the time of the first dripping; MD, the mass of the first drop; ATD, average      time of the first dripping;  
  AMD, average mass of first drops; ADD, average diameter of first drops. 

 

It seems that the PP mass of the first drop has a 

minor increase with the specimen thickness. 

This finding is related to the decomposition 

mechanism and dripping of PP polymers. 

As thick specimens have a larger cross-

sectional area and larger melt strength than thin 

specimens, they can undergo longer times or 

larger melt mass weight without break. 

However, the dripping of PP is small-size 

dripping. The decomposition significantly 

reduces the molecular weight, followed by the 

easy flowing of polymer melts. The melting 

wax can flow over surfaces of the specimen 

and drip. 

Flame retardant mechanism: Polypropylene 

(PP) undergoes decomposition via random 

chain scission involving the formation of some 

unsaturated end groups, e.g. –C(CH3)=CH2 

(Xie et al., 2001). Accompanying oxidation via 

hydroperoxide formation yields further scission 

products comprising alcohols, ketones, and 

acidic functionalities. There is little evidence of 

any tendency to cross-link and form char 

during this process, thereby presenting a 

significant flame retardant challenge (Gilman, 

2007). It can be seen from the discussion in 

previous sections that the molecular weight 

decreases, followed by easy flowing of 

polymer melts, which was in PP containing PP-

g-MA. It has been reported in the literature 

(Council, 1977; Hu & Song, 2007) that thermal 

degradation of organoclays can create acidic 

sites on the clay, which catalyse the initial 

decomposition stages of a polymer, resulting in 

a lowering of ignition time and LOI values for 

many polymer-nanocomposite samples 

(Efhma, 2018). The acidic sites, however, 

catalyse formation of a protective surface 

coating on the surface of polymer, which acts 

as a thermal barrier leading to delay of thermo-

oxidative degradation. In some cases, clays can 

also catalyse dehydrogenation and crosslinking 

of polymer chains, thus reducing combustion.  

Phosphorus- and nitrogen-containing flame 

retardants acting in condensed phase produce 

char, which acts as a thermal barrier for the 

decomposing polypropylene. There is no 
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evidence of chemical interaction between the 

flame retardants and PP in this work or from 

the previous study (Efhma, 2018) and the 

literature. Halogenated flame retardants acting 

in the vapour phase help in removing active 

free radicals from the combustion zone, thus 

reducing the combustion of the polymer. In PP-

PB-clay-FR samples, char formation has been 

generally enhanced for both phosphorus- and 

halogen-containing flame retardants, with the 

former yielding greater increases. (Hu & Song, 

2007) has suggested that in case of 

phosphorus–containing flame retardants, 

phosphoric acid released can react with the 

quaternary ammonium salt of the Nanoclay 

(Xie et al., 2001), thus creating acidic sites on 

the clay as observed by (Qin et al., 2005), 

which enhance char formation. Similarly, HB 

released from PB flame retardants can react 

with the quaternary ammonium salt of the clay 

(Hu & Song, 2007). Although supporting this 

mechanism, we have not found any evidence of 

these reactions in this work.  

CONCLUSIONS 

The dispersion of nanoclay can be improved by 

compounding polymer-clay samples (Hu & 

Song, 2007) and by adding compatibilizer. LOI 

values are not changed significantly following 

the addition of clay and even in the presence of 

other flame retardants (Mastura A. Efhma, 

2018). However, the presence of nanoclay 

alone changes the thermal stability and burning 

behaviour of the polypropylene. With 

additional flame retardant presence, the 

polymer can show self-extinguishing properties 

as seen in sample 4. 

The effect of different flame retardant types on 

the thermal stability, flammability, and the char 

formation tendency of optical micrographs of 

tape samples showing the effect of Polybond 

(Pb) on clay dispersion (Efhma, 2018) which 

effected on flammability behaviour and 

dripping polypropylene (PP) is studied. PP, 

compatibilizer, Clay, stabiliser, and different 

flame retardants have been compounded in a 

twin-screw extruder to produce polymers with 

improved thermal and flame retardant 

properties. Thermal analysis has been used to 

study the thermal properties, and a slightly 

modified UL-94 test for testing the 

flammability of the samples. All flame 

retardants acting in the condensed phase 

(phosphorus- and nitrogen-containing) (Xie et 

al., 2001) lowered the rate of decomposition, 

whereas halogenated flame retardants had a 

little effect (Efhma, 2018). All PP samples with 

flame retardants and no clay, burnt completely, 

which is not unexpected, given the low levels 

(5%) of flame retardants used here. However, 

the flame spread was low. Flammability 

behaviour testes using UL-94 were carried out 

to measure flammability properties and have 

been examined with digital images. Also, both 

flammability and melt dripping behaviour of 

burning polymers were measured by using the 

UL-94 test. However, the dripping of PP is 

small-size dripping. The decomposition 

significantly reduces the molecular weight, 

followed by the easy flowing of polymer melts. 

The melting wax can flow over surfaces of the 

specimen and drip. Thus, it is expected that the 

small-size dripping is independent of the cross-

sectional area of the specimen, that is, the first 

dripping time or the mass of the first drop has 

little to do with the thickness of the specimen. 

 

Outcome and future work: Nanocomposites 

have suggested that by the addition of just a 

small quantity (< 5%) of organically modified 

layered silicate nanoclay (montmorillonite) 

(Morgan & Wilkie, 2007) to a PP polymer 

matrix could enhance many of the properties of 

that polymer (Efhma, 2018), including the fire 

performance (Beyler & Hirschler, 2002). We 

watched the effect of flame retardancy, FR and 

additives on the Polymers burning behaviors, 

Chemical, and Physical properties, and then 

dripping to try to stop the fire and potentially 

save lives (Efhma, 2018). Therefore it's very 

important to collect and record all the results 

related to these aims and more for future 

studies of flammability behaviour and dripping. 
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البولي بوليمر عمى  والذوبان التنقيطي % عمى سموك الاحتراق1 مثبتعامل و  تأثير مثبطات المهب
 الممدن حراريا  بروبيمين 

 2برايس ب. موتشرىيدو *0 م افحيموالسلا عبد ةمستور 

 ليبيا-العموم، جامعة عمر المختار، البيضاء  الفيزياء، كميةقسم  0

 المممكة المتحدة والابتكار،معيد أبحاث المواد  2

 2002أغسطس  3/ تاريخ القبول:  2002مايو  01الاستلام: تاريخ 
Doi:https://doi.org/10.54172/mjsc.v34i4.141  

 ى( عم FR) flame retardants من مثبطات الميب ةبين عمل أنواع مختمفالجمع  ةليآتيدف ىذه الدراسة إلى فيم  : المستخمص
(. ت    م اختي    ار PP) Polypropylene لب    ولو ب    روبيميناب    وليمر لم وتعديم    وابمي    ة للاش    تعال وس    موق الاحت    را  س    موق القال    ذوبان، و 

عب ارة ع ن  مض افة، وى و ادةم ( و FR) flame retardantsمثبط ات المي ب  م ع  twin-screw extruderلمزجو ف و PPالبوليمر
فو ىذه الدراسة اختبارات س موق . وقد طبقت حر  الاعتدال لمحد منو، والقابمية للاشتعال و ذوبان البولو بروبيمين لدراسة، ٪ مثبت0
قي اس ط ول ث وان و  00 ة. ت م تطبي   المي ب لم دسو والأفقوأاختبارات الحر  الر  UL-49شتعال المعروفة باسم لاحترا  والقابمية لالإ

ث م قي اس ، ىث وان أخ ر  00 ةترق ة م ن العين ة لم دتحت الحافة المح10mm تطبي  الميب  ةعادإ. تم احترا  العينة تو تم فيياالفترة ال
  عين ات تتص رف .ترا  باستخدام فيديو عالو الس رعةحسجيل سموق الذوبان والتنقيط والاتم ت طول وقت احترا  العينة لممرة الثانية.

لم دا ن ن الس موق ال ذا ب إوتش ير الدراس ة أيض ا إل ى  م ن حي ث انتش ار المي ب التص اعدي. مختم ف ج داً بش كل  ى ذه نالب ولو ب روبيمي
، ولا س يما بالنس بة لنم اذج انتش ار المي ب ؤخ ذ ف و الاعتب ار عن د وض ع النم اذجن تأف و الحرا    الت و ينب  و  ةىام ةىو سم الحرارية

 ال ذوبان  . وقد تم تحمي ل نت ا ه ى ذه التج ارب لرس م علاق ة ب ينار تحللا منيجيةتم تطوير ، التنقيطو سموق الذوبان الصاعد. لدراسة

 ،الحرا     تش   يلعم  ال الس  ابقة المتعمق  ة بس  موق ال  ذوبان والتنق  يط عم  و دراس  ة    روف الأوترك  ز مع   م  وس  موق الاحت  را . التنقيط  و
ة ب  ين س   موق ال  ذوبان والاحت   را  ف  و الب   وليمرات عم   ل بش  ان العلاق  ة الكمي    أىتس  جيل ن   و ل  م ي   تم إ، غي  ر ونمذج  ة العممي  ة الحراري   ة

 الحرارية.

 .تثبيت ،الاحترا  ،مثبطات الميبن، بروبيميالبولو  بوليمر، الاشتعال المفتاحية:الكممات 
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Abstract: There is a recent rise in the number of birth defects. This could be related to folic acid 

deficiency. Folic acid, as an antioxidant, is an important factor in preventing birth defects during 

embryonic development. This study, via content uniformity measurements and medical history, 

aimed to investigate the role of folic acid before and during pregnancy and to measure the content 

uniformity of different brands of folic acid tablets. The statistical study aimed to determine the rela-

tionship between folic acid consumption, miscarriage, and anomalies in newborn babies. The study 

studied a sample of 300 women based on their medical records. There was no significant effect (p-

value = 0.143) of folic acid consumption on the frequency of anomalies. On the other hand, there 

was a high significant relation (p-value = 0.003) between folic acid consumption and miscarriage. 

The correlation, principally with miscarriage, coincides with previous studies and highlights the 

importance of folic acid supplementation before and during gestation. Content uniformity meas-

urements were made on three famous folic acid brands (Folic Acid-Nile, Folicum-Julphar and 

Wockhardt-UK) available at local pharmacies. Measurements on the three folic acid brands were 

conducted in compliance with the British Pharmacopoeia (BP) (2010) test for content uniformity. 

Ten tablets from each brand were tested using the UV spectrophotometric method. The results 

showed that only the first brand name passed the content uniformity test, while the other two brands 

did not comply with the standards. This result highlights the problem of under-dosing in commer-

cially available folic acid dosage forms, and identifies the need for taking action towards the im-

plementation of quality control on all medical drugs.   

 
Keywords: Folic acid; Anti-oxidant; Newborn defects; Miscarriage 

INTRODUCTION 

Folic acid, also known as pteroyl-L-glutamic 

acid or N-[4-[[(2-amino-1,4-dihydro-4-oxo-6-

pteridinyl) methyl] amino] benzoyl]-L-

glutamic acid, is a member of the B vitamin 

group (Matias et al., 2014). Folic acid is the 

synthetic form of folate and is found in differ-

ent kinds of fortified foods (Ribeiro et al., 

2016). As a vitamin, folic acid is not produced 

by natural metabolism; it is obtained from the 

diet. Most dietary folic acid loses its bioavaila-

bility during cooking and food processing. Yet 

folic acid is often recommended as a supple-

ment when the amount of dietary folate is not 

sufficient (Matias et al., 2014). 

 Natural folate exists in the form of polygluta-

mates which can be hydrolyzed to monogluta-

mates by the action of intestinal enzymes in the 

jejunum. In intestinal villi, folic acid is reduced 

by NADPH reductase to tetrahydrofolic acid 

https://doi.org/10.54172/mjsc.v34i4.147
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v34i4.147&amp;domain=pdf&amp;date_stamp=2008-08-14
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(THFA). THFA then undergoes methylation to 

form N5 methyl THFA, which then binds to 

plasma proteins.  THFA is vital in several met-

abolic pathways for nucleic acid synthesis, 

functioning as a donor of chemical groups with 

one carbon atom. Disturbances in folate and 1 

Carbone metabolism have been linked with a 

group of congenital disorders known as Neural-

Tube Defects (NTDs) (Pulikkunnel & Thomas, 

2005). 
 
Folic acid has antioxidant properties that may 

prevent or reduce defects and congenital ab-

normalities in the neural tube and the heart. 

NTD and heart defects are congenital abnor-

malities that occur at an early stage of pregnan-

cy. Unfortunately, almost 5% of newborn ba-

bies are born with serious congenital anomalies 

that tend to be permanent, and in some cases, 

are associated with little chance of recovery 

after birth (Andres et al., 2008). The only ef-

fective strategy for the prevention of these dis-

orders is periconceptional treatment with folic 

acid in sufficient doses (Czeizel et al., 2013). 

Oral administration of folic acid prior to and 

during the early first trimester of pregnancy 

plays an important role in preventing NTDs 

and congenital anomalies in the heart, urinary 

tract, oral cavity and limbs (Bower & Stanley, 

1989; Goh et al., 2006). Sufficient levels of fo-

late in the blood serum are associated with a 

reduction in NTD (Green, 2002). 

 

Additionally, a high risk of giving birth to chil-

dren with NTDs is associated with women with 

type I diabetes, with epilepsy or who are under 

carbamazepine or antifolate medication 

(French et al., 2003; Wald et al., 2001). 

 

First (Hibbard, 1965), reported the relationship 

between deficiency of folic acid and NTDs. He 

noticed that women with a history of fetal 

anomalies had a high incidence of abnormal 

folate metabolism. Later, Smithells and col-

leagues noticed low levels of folate in the red 

blood cells of women who had a fetus with an 

NTD in comparison to control mothers 

(Smithells et al., 1976). This finding led to in-

vestigations of the probability of preventing 

NTDs by the administration of folate supple-

ments prior to planning for pregnancy 

(Smithells et al., 1980). 

 

For the sake of reducing the risk of NTDs, sup-

plementation of folic acid has been recom-

mended before and during the first three 

months of pregnancy (McStay et al., 2017). 

The recommended daily dose of folic acid de-

pends on the patient’s history of birth abnor-

malities; the recommended preventative daily 

allowance of folic acid for women with no pri-

or history of birth defects dose is 4.0 mg per 

day starting at least 30 days before conception 

and continuing throughout the first trimester of 

pregnancy (Al-Mashhadane et al., 2018). 

 

Folic acid is a water-soluble substance so that 

any excess is excreted with the urine (Ahn et 

al., 2004; Brown et al., 1997). A 4.0 to 10 mg 

daily supplement of folic acid is not known to 

cause any toxicity to the mother or the fetus 

during the pregnancy. Green and colleagues 

stated that folic acid is not toxic but that it may 

mask pernicious anemia if consumed in high 

doses (Green, 2002). 

 

Quality measurements of dietary folic acid are 

not applied worldwide, giving rise to the possi-

bility of products with insufficient amounts of 

the active component (Đuriš et al., 2017). Over 

the years, several methods have been devel-

oped for the quantification of folic acid in 

pharmaceutical formulations. The present study 

seeks to investigate whether oral folic acid 

supplements commercially available in the 

Libyan market meet the criteria of the 

(Pharmacopoeia, 2010) using UV spectropho-

tometry for the quantification of folic acid in 

pharmaceutical formulations. 

 

This study aims to investigate any prospective 

relation between folic acid consumption and 

pregnancy anomalies or miscarriage. Further-

more, the study aimed to run content uniformi-
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ty measurement of three different common 

brands of folic acid tablets dosage form to 

check whether these brands contain the actual 

percentage of folic acid assigned on 

(Pharmacopoeia, 2010). 

MATERIALS AND METHODS 

Collection of data for the correlation be-

tween folic acid consumption and anomalies 

and miscarriage: To study the relationship 

between folic acid consumption and birth 

anomalies and miscarriage, 300 tested women 

were selected randomly for the assessment 

based on a written questioner and medical his-

tory at maternity centers. The assessment fo-

cused on evaluating the number of miscarriage 

and anomalies cases in relation to the con-

sumption of folic acid before and during preg-

nancy. 

Statistical analysis was performed by The R 

Project for Statistical Computing. p-values 

were calculated based on Fisher's Exact Test 

for Count Data. 

For quality control measurements, samples of 

three commercial brands of 5mg folic acid tab-

lets were purchased from several private phar-

macies in Al-Bayda, Libya as shown in Table 

1. All samples were assessed within their valid 

shelf-life. Folic acid standard (Alfa Aesar, 

United Kingdom, Lot No J1791A) was ob-

tained from the central store of the University 

of Omar Al-Mukhtar, Al-Bayda, Libya. For the 

preparation of the solutions of the standards 

and tested samples, distilled water and high-

grade glassware were used throughout the 

work. 

  Table:(1). Folic acid 5mg tablets evaluated in the study 

Brand Brand name Manufacture Date Expiry Date Batch No Manufacturer 

A Folicum 04/2013 07/2018 0009 Julphar,UAE 

B Folic acid 10/2015 10/2018 T651516 Nile, Egypt 

C Folic acid 04/2017 03/2020 532823 Wockhardt,UK 

 

Ultraviolet Spectrophotometry: Ultraviolet 

(UV) measurements were made on GENESYS 

10S UV-Vis spectrophotometer (Thermo Fish-

er Scientific, USA) with 1 cm optical path. 

Quartz cells were used to measure absorbance 

of all the solutions. 

 

Preparation of Standard Stock Solution: 

Standard Stock Solution of Folic Acid: An 

accurately weighed quantity of folic acid (10 

mg) was transferred into a 100 ml volumetric 

flask. This small quantity of drug was dis-

solved in distilled water and shaken manually 

for 10 min and diluted up to the mark with dis-

tilled water to give a stock solution (100 

μg/ml). BP. Vol.1. (2009). 

 

Working standard solution of Folic Acid: An 

aliquot (0.1 ml) from a standard stock solution 

(100μg/ml) was transferred to a 10 ml volumet-

ric flask and diluted to the mark with distilled 

water to obtain a working standard solution  

 

(1 µg/ml) of folic acid. The solution was 

scanned by UV-Visible spectrophotometer 

within the range 200-300 nm using water as a 

blank.  

Preparation of Calibration Curve: From the 

standard stock solution of folic acid (100 

µg/ml) 1, 3, 5, 6, 7, or 8 ml of solution 

were pipetted out into a series of 100 ml volu-

metric flasks. The volume in each flask was 

made up to 100 ml with distilled water to ob-

tain concentrations of 1, 3, 5, 6, 7, and 8 µg/ml 

folic acid. The absorbance of the above solu-

tions was measured at a maximum absorbance 

(λmax). The calibration curve was constructed 

by plotting absorbance vs. concentration. Line-
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arity and a regression equation were also calcu-

lated. Each response shown was the average of 

three determinations. 

 

Estimation of Three Marketed Formula-

tions: 10 tablets from each brand were chosen 

randomly and assayed individually: the tablets 

were weighed and powdered using a porcelain 

mortar and pestle. An amount of the powder 

equivalent to 0.05g of tablet was dissolved in 

100 ml of distilled water in a volumetric flask 

and shaken for 10 minutes. The solution was 

filtered through Whatman filter paper no. 54. 

20 ml of the above filtrate was diluted to 100 

ml with distilled water and the absorbance was 

measured at λ max. The average amount of 

drug per tablet present in each batch was calcu-

lated with the help of an appropriate calibration 

curve constructed from the absorbance values 

of folic acid. 

A selection of an absorbance wavelength for 

folic acid (λmax) was calculated by scanning 

the standard solution of folic acid between 200-

300 nm. An absorbance maximum was ob-

tained at 287 nm. 

 

RESULT AND DISCUSSION 

Statistical analysis showed a non-significant 

relation (p-value = 0.143) between folic acid 

consumption and anomalies in Figure.1. 

Among women who were taking folic acid dur-

ing pregnancy, 166 had no anomalies while 13 

had one anomaly. Data also showed that wom-

en who took folic acid in both before and dur-

ing pregnancy had reduced the risk of having 

babies with birth defects than those who had 

never taken folic acid. For the remaining 121 

cases, the study result showed a weak relation 

between folic acid consumption and anomalies.  

 

 
                           Frequency of Anomalies  

 

Figure:(1). Comparison between folic intakes before 

and during pregnancy and the frequency of anomalies.   

Figure.2 showed a significant relationship (p-

value = 0.0039) between folic acid consump-

tion and miscarriage. Among women who were 

under folic acid medication during their preg-

nancies, the majority (124) did not experience a 

miscarriage. However, the frequency of mis-

carriage rises to 1 and 2 for many of those who 

never took folic acid during their pregnancies.  

 

 
                             Frequency of Abortion  

 

Figure: (2). Comparison between folic acid intakes be-

fore and during pregnancy and the frequency of miscar-

riage (abortion).   
 

Although many previous studies showed a 

strong relationship between folic acid intake 

during pregnancy and the absence of anomalies 
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in newborn babies, it was not the case in this 

study. This might be attributed to the power of 

the sample or the presence of a bias during the 

sampling that might not represent the popula-

tion. Lack of awareness campaigns of the im-

portance of folic acid before and during preg-

nancy might be the main reason behind the in-

crease in birth defects. 5mg is the recommend-

ed daily dose of folic acid for maintaining 

pregnancy. Folic acid is available at local 

pharmacies under different brand names, most 

of which were imported without quality meas-

urements. Folic acid is also available in 

500mcg doses, which is recommended at least 

for 3 months before planning pregnancies. 

Sometimes, due to human error, lower doses 

(500 mcg) replace the recommended dose 

(5mg) during pregnancy, which eventually af-

fects the integrity of folic acid during important 

periods in embryonic development. It is worth 

mentioning that there are many different fac-

tors such as genetic, environmental, infection 

and nutrition that are associated with increasing 

the rate of birth anomalies and miscarriage thus 

these factors might interfere with the lack of 

folic acid consumption during pregnancy. 

 

The content uniformity measurement for 

three of the most frequently consumed folic 

acid brands in the local pharmacies: The lin-

earity range of folic acid absorbance detection 

was found to be between 1-8 μg/ml as shown in 

Figure. 3. The correlation coefficient and re-

gression line equation of folic acid at 287 nm 

are shown in table 2. 

Table: (2). Correlation coefficient and regression line 

equation for calibration curve for folic acid. (n=6). 

Wavelength 
Correlation 

co-efficient (R
2
) 

Regression line 

equation 

287 nm 0.998 
y = 0.049x + 

0.008 

 

 

Figure: (3). Linearity Spectra of Folic Acid. 

The results obtained from the estimation of 3 

different brands (A, B, and C) of folic acid 

available in local pharmacies in Al-Bayda 

show that the percentage of drug content of 

brand B tablets as shown in Table 3 is within 

the limit (85% and not more than 115% of the 

labeled drug). This means that this brand com-

plies with the British pharmacopoeia guideline 

of the content uniformity test. 

 

 

Table:(3). The average weight, amount of drug, and percentage of drug content for each tablet of brand B. 

 

Tablet no 1 2 3 4 5 6 7 8 9 10 

Average weight of each tablet 

(mg) 
129.2 128.3 142.5 128.6 132.1 131.5 131.8 128.7 136.5 129.5 

Amount of drug in each tab-

let(mg) 
5.2 4.9 5.9 5.4 4.7 4.9 5.2 5.1 5.4 5.2 

% of content 104 98 118 108 94 99 104 102 109 104 
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The percentage of drug content of brand A and 

C tablets, as shown in Tables 4 and 5, respec-

tively, is below the lower limit (85% of the la-

beled drug). This means that these brands are 

not compliant with the British pharmacopeia 

content uniformity test. No previous similar 

studies have been found, which investigated 

the content uniformity of these tested brands of 

folic acid. However, if there was any similar 

study, it would consider important factors such 

as brand name and batch number which might 

affect the final decision.   

 

 

 

 

 

 

Table: (4). The average weight, amount of drug, and percentage of drug content for each tablet of brand A. 

 
Table. (5). The average weight, amount of drug, and percentage of drug content for each tablet of brand C. 

 

CONCLUSION 

This study showed a significant relationship (p-

value = 0.0039) between folic acid consump-

tion and miscarriage. More confirmative quali-

ty control tests should be implemented to eval-

uate the dissolution profile of folic acid tablets.  

This study emphasized the need for continuous 

surveillance of folic acid tablets present at Lib-

yan markets by the government to ensure the 

supply and availability of good quality medi-

cines for the patients in Libya. 

 

Quality measurement shows variation in the 

active components of the tested folic acid 

brand names. Concentrations in some folic acid 

tablets (brand B) were within the acceptable 

limits of the British pharmacopoeia. Other folic 

acid tablets (brands A and C) did not comply 

with the content uniformity test certified in the 

British pharmacopoeia. This means that these 

two brands might not give the expected thera-

peutic effect and might reduce patient compli-

ance. 
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ثلاث لمكونات الجرعة وتحميل وحدة  الإجهاضحالات و عمى التشوهات الجنينية  يالفوليكحمض تناول ال تأثير
    اقراص عمى شكل علامات تجارية لمحمض الفوليكي
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نقص في حمض الفوليك. حمضض الفوليضك لوهذا قد يرجع سببه  .حالات التشوهات في المواليد ددلوحظ مؤخراً ازدياد ع :المستخمص
 ريخ الطبي لمحالاتامن خلال التحقق من التفي الوقاية من التشوهات أثناء مرحمة تطور الجنين. هو عامل مهم كمضاد للأكسدة، 

ووحضضدة لمتحقضضق مضضن محتويضضات قبضضل واثنضضاء الحمضضل وكضضذلك  دور حمضضض الفوليضضك فحضضصالضض  هضضذا الدراسضضة  تدفهضض، وقيضضاس وحضضدة الجرعضضة
الض  تحديضد العلاقضة بضين اسضتهلاك حمضض  هضدفتالدراسضة الاحصضاةية  .اريضة المتضوفرة مضن الحمضض الفضوليكيالتج الأصناففي  الجرعة

دا عمضضض  بيانضضضات مضضضرأة اعتمضضضاإ 311قامضضضت الدراسضضضة بفحضضضص عينضضضة مضضضن  الفوليضضضك وحضضضالات الاجهضضضاض والتشضضضوهات الجنينيضضضة فضضضي المواليضضضد.
حضضضدوث التشضضضوهات وتكضضضرار ( بضضضين معضضضدلات اسضضضتهلاك حمضضضض الفوليضضضك P  =1.003تضضضرابط ضضضضعيف  قيمضضضة  لضُضضوحظ. سضضضجلاتهن الطبيضضضة

( بضضضين معضضضدلات اسضضضتهلاك حمضضضض الفوليضضضك وحضضضدوث P =1.113الجنينضضضة. وعمضضض  العكضضضس مضضضن هضضضذا، فقضضضد لاحظنضضضا تضضضرابط قضضضوي  قيمضضضة 
لإجهاض، يتماش  مع دراسات سابقة ويعطي أهمية لتناول حمض الفوليضك قبضل وأثنضاء هذا الترابط، خاصة مع معدلات ا الإجهاض.
-Folicum و Folic Acid-Nileحمضضض الفوليضضك  لتضضم قيضضاس محتويضضات ووحضضدة الجرعضضة لضضثلاث علامضضات تجاريضضة معروفضضة  الحمضضل.

Julphar  وWockhardt-UK .تضضم اجضضراء القياسضضات عمضض  العلامضضات التجاريضضة الثلاثضضة لحمضضض ( ومتضضوفرة فضضي الصضضيدليات المحميضضة
تضم اختبضار عشضرة    British Pharmacopoeia (BP) (2010)لدسضتور الادويضة البريطضاني ا لاختبضار توحيضد المحتضو الفوليضك وفقض

تجاريضضة المضضة علاالن أ أشضضارت النتضضاةى إلضض  .UV Spectrophotometricأقضضراص مضضن كضضل علامضضة تجاريضضة باسضضتخدام طريقضضة جهضضاز 
ط هذا النتاةى تسضماختبار توحيد المحتو ، فيما لم تتطابق العلامتان التجاريتان الاخريان مع المعايير القياسية.  اجتازت  الاول  فقط

تطبيضضق لالحاجضضة لاتخضضاذ اجضضراءات حضضدد وت مضضن حمضضض الفوليضضك فضضي الأقضضراص المتاحضضة تجاريضضا. الناقصضضةالضضضوء عمضض  مشضضاكل الجرعضضات 
 م  جودة جميع الادوية الطبية.الرقابة ع

 الإجهاض. .الولادةحديثي . مضاد الأكسدة. تشوهات كض الفوليحم: الكممات المفتاحية
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Abstract: Mesenteric panniculitis is a rare inflammatory disease affecting the adipose tissue 

of the mesentery and colon. Less than 300 cases had been reported worldwide by 2016. There 

is a lack of universal consensus regarding management guidelines, and the cases are treated 

on an individual basis. Therefore, successful management of this case by using small doses of 

steroid would empower clinician's experience of how to manage such cases. A 62-year-old 

female has a known case of hypertension and bronchial asthma, presented by exacerbation 

and acute abdominal pain. Lab results revealed a mild elevation in inflammatory markers and 

bilirubin. Computed tomography showed typical findings of mesenteric panniculitis. The case 

was managed by a small steroid dose for a short period till the symptoms were controlled, 

thereafter the dose was safely tapered gradually. A follow-up scan revealed complete resolu-

tion of the disease. The literature reports different types of therapy, ranging from observation 

to medical therapy and even surgical interventions. Reported cases were treated by different 

protocols using steroids, cytotoxic drugs, antibiotics and radiotherapy has been used in some 

cases, Reporting this case would raise awareness of how symptoms would present, what is the 

essential diagnostic tool to be used, and highlighting the possibility of using a small dose of 

steroid to successfully manage such cases. 
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INTRODUCTION 

Mesenteric panniculitis is a rare inflammato-

ry disease affecting the adipose tissue of the 

mesentery and colon, characterized by chron-

ic nonspecific fibrotic inflammato-

ry involvement of adipose tissue of the mes-

entery (Issa & Baydoun, 2009). In 2016 less 

than 300 cases have been reported worldwide 

(Kgomo et al., 2017). Mesenteric panniculitis 

was first described by Jura in 1924 as retrac-

tile mesenteritis. The name mesenteric pan-

niculitis was firstly given by Odgen 1960.  

Although different names have been given 

for this disease in  literature, such as mesen-

teric sclerosis, retractile mesenteritis, Weber-

Christian disease, lipomatosis, it can be cate-

gorized into three types according to the de-

grees of pathological changes in terms of in-

flammation, fat necrosis, and fibrosis 

(Nicholson et al., 2010). 

Clinical presentation of the disease varies 

widely from nonspecific symptoms such as 

abdominal pain, nausea, anorexia, fullness, 

pyrexia; to more alarming presentations like 

acute abdomen, intestinal obstruction, jaun-

dice, and per rectal bleeding (Issa & 

Baydoun, 2009; Kgomo et al., 2017). 

As this disease is quite rare, there is a lack of 

universal management guidelines, and cases 

are treated on an individual basis. In this case 
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report, the clinical presentations and the di-

agnostic approach will be described. The 

management protocol and follow up will be 

illustrated in comparison with other pub-

lished cases to raise awareness of this rare 

condition. 

Case presentation: A 62 years old female 

Syrian patient was admitted to Al-Tamuz pri-

vate hospital with two main complaints. The 

first is a 5 days abdominal pain, moderate to 

severe in intensity, mainly in epigastric and 

right hypochondrium regions, continues, col-

icky, burning in nature, poorly radiates to the 

rest of the abdomen; associated with nausea, 

vomiting, low-grade fever. No change in 

bowel habits. There is a history of multiple 

similar episodes, but they were less in inten-

sity. 

The second complaint is a mild productive 

cough associated with a wheezy chest. Her 

past medical history included hypertension 

for 10 years on Atenolol 100mg/day.  Bron-

chial asthma on bronchodilator inhaler. 

Asthmatic attack precipitated by dust and 

cold exposure. 

The past surgical history included classic 

cholecystectomy 3years ago. No known his-

tory of allergy, apart from the precipitating 

factors for asthma. 

Clinical examination revealed: overweight 

patient, vitally stable, temperature 38c°, mild 

jaundice, and congested throat. 

Local examination of the chest revealed a bi-

lateral occasional expiratory wheeze. 

Adnominal examination showed moderate to 

severe tenderness over epigastric and right 

upper quadrant regions, rebound was posi-

tive, bowel sound was positive. 

Lab results: leukocyte counts 13x10'
3
, total 

Bilirubin 2.4mg/dl, mainly direct, mild eleva-

tion in liver enzymes, sedimentation rate 60 

mm/one hour, C-reactive protein positive. 

Renal function, the rest of liver function, se-

rum amylase, urine amylase, cardiac en-

zymes, and coagulation profile were all with-

in normal ranges. 

ECG: showed no significant abnormality. 

Chest x-Ray: bi-lateral mild perihilar infiltra-

tion. 

Abdominal ultrasound examination demon-

strated a thick gastric wall with an increase in 

fluid content. Surgically removed gall blad-

der, mild fatty liver changes, and otherwise 

normal findings.  

CT of the Abdomen performed initially with-

out contrast, followed by intravenous contrast 

injection (figure-1). 

Revealed veil-like opacity radiating from the 

mesenteric root, which is extending peripher-

ally, and more prominent around jejunum, 

with sandstorm appearance. An increase in 

the thickness of the stomach wall and small 

intestine are highly suggestive of mesenteric 

panniculitis. 
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Figure (1): Abdominal and pelvic CT scan with contrast showing sandstorm appearance of mesenteric panniculitis 

(cross sectional view). 

 

Management and Outcome: Patient was 

treated by 30mg prednisone once daily, biliru-

bin repeated after two days of therapy and re-

turned to normal value, and the pain signifi-

cantly reduced. The patient discharged home 

with the same dose until the pain almost sub-

sided. On week 2 post-presentation, the dose 

was reduced to 20 mg /day for another two 

weeks and then tapered over one month. The 

Patient underwent follow up CT after two 

months of presentation. 

The second CT showed a complete resolution 

of pathology (figure-2). The patient followed 

for 6months, and the patient was symptoms 

free during the follow-up period. 

 

 

Figure (2): Abdominal pelvic CT scan with contrast showing resolution of mesenteric panniculitis (coronal and cross-

sectional views). 
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DISCUSSION 

Mesenteric panniculitis is a fibrotic inflamma-

tory disease that involves the adipose tissue of 

mesentery.  By 2016, Less than 300 cases had 

been reported in literature under different 

names: mesenteric lipomatosis, lipogranuloma 

of mesentery, retractile mesenteritis and other 

names (Grieser et al., 2008; Issa & Baydoun, 

2009). 

This disease is more common in males with 2-

3:1 ration, incidence increases with age (Irwin 

et al., 2018). 

The precise etiology is not fully understood. 

However, the pathogenesis of this disease is 

thought to be a nonspecific inflammatory re-

sponse linked to a wide variety of stimuli. For 

example, abdominal trauma, surgery, autoim-

mune related disorders, chemical injuries, 

drugs, retained intra-abdominal materials, leak-

age into the abdominal cavity (urine, bile, 

chyle), peptic ulcer and even tobacco consump-

tion has been reported to increase the risk 

(Irwin et al., 2018; Issa & Baydoun, 2009; Kaya 

et al., 2018). In addition, the retractile form of 

mesenteric panniculitis is associated with some 

types of Malignancies, such as lung cancer, 

lymphoma, melanoma, gastric cancer, carcinoid 

tumor (Cuff et al., 2001; Irwin et al., 2018; Kaya 

et al., 2018; Kgomo et al., 2017). In our case, no 

clear causal factors can be linked, and cholecys-

tectomy was done 3 years earlier, makes surgi-

cal procedure unlikely to be related here. The 

most common site is mesenteric of small bow-

els, However, mesenteric of sigmoid, mesoco-

lon, peri-pancreatic region, omentum, retroperi-

toneum, and pelvic involvement had been re-

ported (Akram et al., 2007; Horton et al., 

2003). In our case, small bowels' mesentery 

and part of the omentum were the main sites of 

involvement. 

The mode of presentation widely ranges from 

asymptomatic, mild symptoms to a picture of 

an acute abdomen. The symptoms might in-

clude: abdominal pain, pyrexia, anorexia, nau-

sea, weight loss, abdominal fullness, and less 

occasionally, the patient might present with 

jaundice, anemia, per rectal bleeding, ab-

dominal mass and intestinal obstruction 

(Kgomo et al., 2017; Pickhardt & Bhalla, 

2005). In this case, the patient is present 

with abdominal pain similar to acute abdomen, 

in addition to jaundice, which can be explained 

by edematous of peri-biliary tree tissues as a 

part of mesenteric inflammation and subsided 

after administration of prednisone. 

Diagnosis of the disease is mainly achieved by 

the usage of computerized tomography, and 

Magnetic resonance imaging. The definitive 

diagnosis is reached by biopsy, which is sel-

dom required unless there is doubt in regarding 

diagnosis (Horton et al., 2003; Pickhardt & 

Bhalla, 2005). In this case, CT was enough to 

make a diagnosis and the close follow up with 

improvement in symptoms minimize the need 

for biopsy. 

The laboratory results usually tend to be with-

in normal ranges, apart from elevated neutro-

phils, raised sedimentation rate, and occasion-

ally, anemia (Kaya et al., 2018). Our case 

shows almost the same biochemistry of the 

majority of cases, in addition, an increase in 

total bilirubin, mainly direct type, this might 

be explained by the edematous biliary tree due 

to the extension of inflammation of omentum 

that relived after administration of prednisone. 

As with most rare diseases, there is a lack of 

universal consensus regarding management 

guidelines, and the cases are treated on an in-

dividual basis. Literature reports different 

types of therapy, ranging from observation to 

medical therapy and even surgical interven-

tions. In general, medical therapy is used for 

symptomatic cases. The usual medications 

are, steroids, thalidomide, cyclophosphamide, 

colchicine, azathioprine, tamoxifen, antibiot-

ics, and radiotherapy has been used in some 

cases, while surgical intervention is usually 

served if medical treatment had failed (Issa & 

Baydoun, 2009; Kaya et al., 2018). 
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As our patient is symptomatic, Prednisone was 

the main medication for this case, 30mg was 

used for two weeks, and as the pain subsided, 

20mg started for almost another two weeks, 

then tapered over one month. In comparison to 

(Issa & Baydoun, 2009; Kgomo et al., 2017), 

we have used a smaller dose of prednisone 

30mg instead of 40mg, and for only 2 months 

with tapering approach instead of six months in 

the former and a little longer than that of the 

later, where (Kgomo et al., 2017) used a small 

dose for two weeks, and tapering of steroid was 

omitted, which might jeopardize the health sta-

tus of their patient. Antibiotics (cephalospor-

ins) have been used for 5days as part of the 

management of bronchial asthma exacerbation, 

not as an intention for curing panniculitis. 

CONCLUSION 

Mesenteric panniculitis is a rare disease, with 

variable clinical presentations, mostly it is a 

benign condition. However, it can be presented 

as a secondary manifestation of some malig-

nancies. There is no universal consensus re-

garding treatment guidelines. Hopefully, im-

proving doctors’ knowledge would raise 

awareness of how such a case would present, 

what essential diagnostic tool to be used, and 

that a small dose of a steroid with good follow-

up would be effective management rather than 

a larger dose over a longer time frame. 

Abbreviation 

 CT: Computerized tomography. 
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علاج التهاب السنبمة الشحمية المساريقي باستخدام جرعة صغيرة من الستيرويد ولفترة  نجاح حالة تقرير عن
 قصيرة

يناس مصطفى الهاينو  ، صلاح مفتاح العوامي* علا عبد الرحمن محمد إبراهيم ا   

 البيضاء، ليبيا الطب البشري، جامعة عمر المختار، كمية قسم الأشعة،

 9132ديسمبر  11/ تاريخ القبول:  9132 يونيو 31تاريخ الاستلام: 
Doi:https://doi.org/10.54172/mjsc.v34i4.198  

 

السابمة الشاحمية المسااريقية ىاو ماره التيااب  ناادر ياؤلأر عماا الأنساجة الدىنياة لممسااريأ والقولاون  أقال مان لتيااب ا :المستخمص
ن الحاالات أ الماره، كمااالقواعاد العاماة لعالاج ىا ا     لا يوجاد توافاأ عاالم  حاول9132حالة سجمت ف  العالم حتا عام  111

لأاراء الخبارة إصغيرة من العقار الكورتيزون  من شاانو  ى ه الحالة بجرعات علاج نجاحل لك فان   ديةالمسجمة تم علاجيا بصورة فر 
ساانة وتعااان  ماان ارتةااا   29عناا  بحالااة ساايدة تبماام ماان العماار فاا  كيةيااة التعاماال ماام حااالات ممالأمااة  التقرياار ي   للأطباااءالسااريرية 

ياار ارتةااا  متوسااط فاا  المعمماا  ا  الاابطن  الةحاا لاام حاااد فاا  أنوبااة ربااو و  ةتاام ادخاليااا المستشااةا بشااكو  ربااو الالضااغط الشااريان  و 
  المسااريقية الشاحمية لالتيااب السابمة النماو ج  ا يارت الانمطالمقطعياة  (  الصاورةمؤشرات الالتيابات وكا لك البمياروبين لالصاةراء

بشاكل تادريج   ايقافياالأام الاعاراه المرضاية، ومان  زوالحتا  لةترة قصيرة نالكورتيزو يرة من غع مجت الحالة باستخدام جرعات ص
العمميااة  شااحمية المساااريقية    كاارت الابحاااثالكاماال لاانمط الالتياااب الساابمة ال ا ياارت الاختةاااء ،ةالمقطعيااالصااورة  وآماان  بمتابعااة

  والتادخلات الجراحياةلاا اساتخدام العقاارات الطبياة اين مان مجارد الملاح اة والمتابعاة إالمنشورة طرأ علاج مختمةة لي ه الحالاة تتبا
 الحيوياة والعالاج الأورام، والمضااداتمضاادات و  الكاورتيزون،جمت حالات شةاء باساتخدام بروتوكاولات علاجياة مختمةاة باساتخدام س  

 التشاخي  وطارأ الطبياة،ىا ه الحالاة  الطبا  لعاوارهتسجيل نجاح علاج ى ه الحالة من شاننو أن يوسام افااأ الاوع    الاشعاع 
 الأساسية ليا ويسمط الضوء عما أن استعمال جرعات صغيرة من العلاج الكوتيزون  ممكن ان يكون خيار فعال لي ه الحالات 

 الحادة  الصورة المقطعية، ألم البطن، البطنمساريق ، التياب السنبمة الشحمية، القولون،  :المفتاحيةالكممات 
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Abstract: Bovine Babesiosis is a tick-borne disease of cattle caused by haemoparasite of the genus 

Babesia. This parasite is responsible for considerable losses due to mortality, weight loss, and reduction in 

milk besides the cost of treatments. This study aimed to study the effect of Babesia on some hematological and 

biochemical parameters on cattle in farms of El-Wisata in the El-Gabal El-Akhdar area. Twenty-three of 

crossbred cattle of 3-8 years old were examined. Giemsa stained thin blood smears from the ear 

vain of all 23 cases of crossbred cattle for microscopic examination to diagnose the parasite in the 

blood and divided the animals into two groups (7 non-infected group (30.5%) and 16 infested group 

(69.5%)), as well as two blood tubes (with EDTA) from the jugular vein of all cases were collected 

for hematological analysis and (without EDTA) for biochemical analysis. The results of the 

haemato-biochemical studies showed a significant reduction in the levels of RBC, PCV, Hb, MCH, 

MCV, TP, Ca+ and Na+ with a significant increase in WBC and K-  levels in the crossbred cattle 

infected group. The infected cases marked the clinical-pathological symptoms like fever (41 C°), 

Anorexia, depression, weakness, pale mucous membrane, weight loss, hemoglobin urea, decrease in 

milk and death within a few days.   

 

Keywords: Babesia Bovine, crossbred cattle, Haemato-biochemical Alterations.  

INTRODUCTION 

Cattle play an essential role in our life as they 

are the main source of milk and meat. The 

cattle's health has deteriorated due to parasitic 

diseases in general and blood parasites in 

particular(Talkhan et al., 2010) Bovine 

Babesiosis is a parasitic disease caused by an 

intraerythrocytic protozoan of the genus 

Babesia (Alvarez et al., 2019). It infects a wide 

range of domestic and wild animals with a 

main impact on cattle. This disease has been 

distributed in the world (Bock et al., 2004; 

Ristic & Levy, 1981). Babesia is the second 

most commonplace parasite situated within the 

blood of mammals after trypanosomes (El-

Hamed et al., 2016). In addition, some species 

of Babesia are zoonotic and affect human 

health (Talkhan et al., 2010) It is still 

representing a serious trouble in tropical and 

subtropical countries (Hussein et al., 2007), It 

leads to lowering the productive performance 

of the affected animals (Zulfiqar et al., 2012).It 

is an important disease in Middle East 

countries because it sometimes occurs in acute 

forms with serious recognized clinical 

alteration which affects the production of 

animals (Talkhan et al., 2010). In Libya, the 

prevalence in Tripoli was 12.9% (El Maghrabi 

et al., 2008) El-Gabal El-Akhdar was 32.61% 

(Bulabiad, 2013). 16.74%  The most common 

species that cause infection on cattle are 

Babesia bigemina, Babesia divergens, Babesia 

bovis (Adham et al., 2009) Babesia species 

cause acute disease by two principle methods 

i.e hemolysis and circulatory disturbance 

(Mohammed & Elshahawy, 2017).  

Clinically, this disease has been characterized 

by high fever (40-41.6°C), anorexia, weight 

https://doi.org/10.54172/mjsc.v34i4.200
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loss, ruminal atony, dyspnea, and 

hemoglobinuria (MM, 2017). Some studies 

have reported that the calves up to 9-12 months 

of age are generally resistant to such diseases 

due to inverse age resistance, but the clinical 

symptoms in neonatal calves were inability to 

suckle. Babesia causes red water urine 

(haemoglobinuria) or dark brown to coffee in 

urine color accurding to babesia stages, various 

degrees of jaundice from paleness in mild cases 

to severe yellow discoloration of the 

conjunctiva (Schalm, 1965) and vaginal 

mucous membranes in more serious cases and 

deep shallow respiration in sheep, goats, cattle, 

horses, dogs, and cats (Bal et al., 2016). 

Babesia sporozoites are injected into the host 

by ticks and invade red blood cells (RBCs) 

where they transform into trophozoites that 

grow and divide into two pear-shaped 

merozoites. Babesia enters directly into red 

blood cells of the host (Lounsbury, 1906), the 

division process is then repeated. The parasite 

infects and destroys red blood cells, it can lead 

to a serious condition called hemolytic anemia 

(Koger, 1981). The main cause of anemia is 

due to intravascular hemolysis, and the rate of 

damage of erythrocytes and capacity of 

erythropoiesis. Hyperemia occurs in mucous 

membranes at later stages (MM, 2017). It 

causes a decline in erythrocyte count, packed 

cell volume, and hemoglobin level and serum 

changes may include increased potassium and 

reduced calcium and sodium levels (Tufani et 

al., 2015).  

The quickly dividing parasites in the red cells 

create rapid damage to the erythrocytes 

(Pandey & Misra, 1987) associated with 

hemoglobinaemia. This may cause death within 

a few days (Mohammed & Elshahawy, 2017). 

So, the present study was designed to diagnose 

the disease and determine the changes in some 

hematological and biochemical parameters in 

some infested cattle with bovine Babesia in El-

Wisata in El-Gabal El-Akhdar area- Libya. 

MATERIALS AND METHODS 

Study area and period: The present study was 

conducted between March 2017 and January 

2018. The seasons of the study included rainy 

(September, October, November, December, 

January, March, and April) and sunny (May, 

June, July, and August) periods. The study 

location was on farms of El-Wisata in El-Gabal 

El-Akhdar area-Libya. 

Animals: A total number of twenty-three 

crossbred cattle, from three to eight years old, 

were examined and divided into two groups 

showing clinical signs, ticks and some 

haemato-biochemical effects of Babesia bovine 

on the two groups, naturally infected group and 

healthy or non-infected group. 
 

Blood Samples: Three samples were collected 

from each one of all 23 cases.  The first sample 

was a drop from ear vein to make a blood 

smear for microscopic examination, however, 

for each sample, three smears were examined 

very carefully so that not a single organism 

might escape. While the second one was serum 

samples for biochemical analysis of TP, Ca
+
, 

Na
+
, K

-
 and the third was blood samples for 

CBC Examination. 
 

Clinical Diagnosis: All 23 cases of crossbred 

cattle were diagnosed by the Giemsa stained 

thin blood smears technique (Coles, 1986). 
 

Hematological parameters: Approximately, 2 

ml sample of blood was collected with EDTA 

anti-coagulant and was sent to the laboratory 

directly in an Ice Container and analyzed for 

hematological parameters which included 

hemoglobin (Hb g/dL), packed cell volume 

(PCV %), total erythrocyte count (RBC 

×10
6
/μL), total leukocyte count (WBC × 

10
3
/μL) and differential leukocyte count 

(Sharma et al., 2016). Mean corpuscular volume 

(MCV), mean corpuscular hemoglobin (MCH) 

and mean corpuscular hemoglobin 

concentration (MCHC). These hematological 

analyses were measured by a Complete Blood 

Count device CBC in Laboratory Diagnosis. 
 

Biochemical assays: The collected blood 

samples were kept about 10 minutes at room 

https://labtestsonline.org/conditions/anemia


Al-Mukhtar Journal of Sciences 34 (4): 361-333, 2019 

 

© 2019 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 

ISSN:  online 2617-2186           print 2617-2178 

318 

temperature. After centrifugation at 3000 rpm for 

15 minutes using Thermo Scientific Centrifuge, 

serum was placed in a 1.5 ml Eppendorf tube and 

kept at -20°C until it was analyzed. Total serum 

protein (TP) was estimated by the Biuret 

method forming a violet-colored copper-

protein complex having maximum absorption 

at 550 nm. Calcium (Ca
+
), Sodium (Na

+
) and 

potassium (K
-
) levels of serum samples were 

estimated using commercial kits (Wharton & 

McCarty, 1972).  
 

Statistical analysis: Data were presented as 

mean ± standard error (S.E.). Data were 

analyzed using an independent sample T-test. P 

values ≤0.05 were considered to be statistically 

significant (SPSS Version 19) (Snedecor & 

Cochran, 1994).  

RESULTS 

Clinical Findings: Cattle infected with B. 

bovis demonstrated characteristic clinical signs 

of babesiosis. Briefly, a high rise in body 

temperature (40-41.6), body condition is thin, 

pale and empty episcleral blood vessels were 

anemic.  The clinical severity ranged from 

paleness in mild cases to severe yellow 

discoloration in more advanced stages of the 

infected cases, red water urine 

(haemoglobinuria) or dark brown to coffee in 

urine color according to Babesia stages, severe 

clinical manifestation and accelerated heart and 

respiratory rates. Some cases showed nervous 

manifestations in advanced stages. Different 

degrees of tick infestations were present inter-

mandibular space, around groins, horns and 

ears . 

Hematological Findings: 16 (69.5%) out of 23 

cases showed the presence of the parasite 

Babesia from ear vain and seven cases were 

negative 7 (30.5%). 
 

Hematological parameters: The mean values 

of Red Blood Cells (RBCs 10
6
/µl), hemoglobin 

concentration Hb (g/dl, Packed cell volume 

(PCV %), White Blood Cells (WBCs 103/µl), 

differential leucocytes count DLC %, Mean 

Corpuscular Volume (MCV fl), and Mean 

corpuscular hemoglobin (MCH pg) are listed in 

Table 1.  

Table:(1). The results of the hematological parameters 

of infested/non-infested. 

Haematological 

Parameter 

MEAN±SE 

Infected group Non infected group 

Hb  g/dl 5.98±0.23
b 

12.03±0.34
a 

WBC 10
3
/µl 7.022±0.42

a 
5.30±0.55

b 

Monocyte % 10.003±0.78
a 

3.50±0.31
b 

Eosinophils % 13.87±0.88
a 

5.13±0.09
b 

Neutrophils % 16.947±0.12
b 

31.32±0.90
a 

Lymphocytes % 59.18±0.21
a 

60.05±0.23
b 

RBC 10
6
/µl 4.32±0.18

b 
6.94±0.20

a 

PCV% 19.12±0.63
b 

31.16±0.41
a 

MCV fl 39.01±1.02
b
 44.26±0.11

a
 

MCH pg 12.31±0.35
b 

15.67±0.57
a 

*small letters mean there is a significant different between two groups.  

Briefly, the important findings can be 

summarized as follows; there was a significant 

reduction (P<0.05) in the mean values± 

standard error of RBC, PCV, Hb, MCH, MCV 

and Lymphocyte with a significant increase 

(P<0.05) in WBC, and DLC. Therefore, it is 

clear that there are significant differences in the 

hematological parameters between the B. 

bovine infected group and the control one. 
 

Biochemical parameters: The mean values of 

Total Protein (TP), Calcium (Ca
+
), Potassium 

K
-
  and Sodium (N

+
) of infected and control 

groups are listed in Table 2. 

Table:(2). The results of the Biochemical parameters of 

infested/non-infested cattle  
Biochemical 

Parameter 

MEA ± SE 

Infected group Non Infected group 

TP g/dl 5.49±0.23
b 

7.455±0.30
a 

Ca+ mg/dl 7. 22±0.24
b 

9.55±0.55
a 

K- mmol/l 4.62±0.41
a 

4.1±0.16
b 

Na+ mmol/l 119.13±1.52
b 

146.33±2.81
a 

*small letters mean there is a significant different between two groups.  

A comparison of serum biochemical 

examination of parasite positive and negative 

blood samples from cattle showed a significant 

increase (P<0.05) in potassium level K-. 

However, a significant decrease (P<0.05)  was 
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recorded in total protein TP, calcium, and 

sodium levels. 
 

DISCUSSION 

In the present study, Babesia infection was 

confirmed by light microscopy examination in 

farms of El-Wisata in El-Gabal El-Akhdar area. 

The observed clinical findings in cattle with 

Babesia Bovine have shown that animals 

suffering from a lot of symptoms such as high 

temperature (40-41.6), pale mucous 

membranes, thin body, dark brown to coffee 

urine in color, increased heart and respiratory 

rates.  These findings were in agreement with 

(Bal et al., 2016; Fujinaga, 1981; Georgi et al., 

1990).  

The clinical findings Microscopic examination 

of Giemsa stained blood smear of all 23 cases 

of crossbred cattle revealed that 16 cases 

(69.5%) had parasites in the blood and these 

cases were named as naturally infested group 

and 7 cases had normal blood (30.5%) and 

were called as the control group.(Samad et al., 

1989) supported this view. (Karim et al., 2012) 

also recorded Babesia organisms through 

Giemsa’s staining of blood smear. However, 

reports of (Banerjee et al., 1983) were 

discordant with higher prevalence (14.53%) of 

subclinical infections. 

The clinical findings can be attributed to the 

multiplication of organisms in peripheral 

vessels and consequence intravascular 

hemolysis (Rajendran & Hafeez, 2003). The 

hemolysis was due to anemia and 

hemoglobinuria (Rani et al., 2010). Several 

factors contribute to anemia in babesiosis, such 

as a decrease in the amount of erythrocytes 

hemoglobin concentration (Hussein et al., 

2007). The Hematological principles were 

adversely affected in positive cases (Ananda et 

al., 2009). Table 1 shows a significant 

reduction (P<0.05) in the mean values of RBC, 

PCV, Hb, MCH, MCV, and neutrophils as a 

result of an immune response to Babesia 

infection (Mahmoud & Abou-Zeina, 2008), 

with a significant increase (P<0.05) in WBC, 

monocytes, and Eosinophils in comparison 

with healthy control. Babesiosis causes 

normocytic normochromic anemia in cattle 

which could be attributed to intravascular 

haemolysis of red blood cells, and this is 

supported by (Guglielmone et al., 1996; 

Pandey & Misra, 1987) agrees with significant 

increases in WBC, Eosinophils and monocytes 

associated with a significant decrease 

(P<0.005) in neutrophils. This could be 

explained as the breakdown of RBC by 

Babesia stimulates the phagocytic cells such as 

lymphocytes and monocytes to clean up the 

body from the toxic remnants of ruptured red 

blood cells. Babesia infection leads to the 

stimulation of the body defense mechanism to 

produce antibodies against the Babesia antigen. 

(Court et al., 2001) mentioned that the 

significant increase in monocytes in primary 

Babesia infection could be attributed to their 

role as active mediators in the innate immune 

response. The serum of Babesiosis infected 

cattle showed a decrease in calcium levels, 

increase in potassium levels and reduced 

sodium levels. This finding agrees with (MM, 

2017).  

This occurs because Babesia can cause 

degeneration and necrosis in kidney convoluted 

tubules (Salem et al., 2016) There was a highly 

significant decrease in total protein in the 

serum of infected clinical cases.  This could 

have occurred because Babesia can cause 

disruption in liver function that leads to 

decrease production from the liver due to direct 

and indirect effect of the parasite, digestive 

disturbance (diarrhea), loss of appetite and high 

fever (Atif et al., 2012; Salem et al., 2016) who 

recorded that with low levels of parasitemia, 

Babesia may not be found on microscopic 

examination. (Ananda et al., 2009; Chowdhury 

et al., 2006) documented that more attention in 

the management of crossbred cattle gives less 

chance of pre-exposure of vectors and develops 

no or less immunity, resulting in the frequent 

occurrence of such diseases.  

CONCLUSION 
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The results obtained from this study could be 

useful as basic information for a further 

advanced epidemiological study and 

formulation of control measures of tick-borne 

diseases. Further investigation using modern 

serological and molecular techniques with a 

large number of samples is recommended 

especially in another part of the country in 

order to further establish the effects of tick 

infestation in cattle of other parts of Libya and 

management of the disease. 
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الابقار في في بابيزيا ال ببوفين دراسة التغيرات في مكونات الدم و بعض مركبات الكيمياء الحيوية المرتبطة
 ليبيا –الوسيطة 
 

 حمزه مفتاح عامر عثمانو ، صفية شعيب الهزاوي *ناجية المبروك عبدالسلام
 قسم الباثولوجيا الاكمينيكية، كمية الطب البيطري، جامعة عمر المختار 6

 3062ديسمبر  30/ تاريخ القبول:  3062 يوليو 03خ الاستلام: تاري
Doi:https://doi.org/10.54172/mjsc.v34i4.200  

 

دم موون جوونب البابيايوواا روولا الط يوول مسوو ول عوون مماشووية يتسووبب عوون ط يوول الوولبووونين البابيايووا رووو موورا ينقموو  القووراد  :المستتتصم 
رول  الدراسوة  بالإضوانة إلوت تكم وة العولا ا رود  نتوا  اللميوبإالونيات، ونقدان الووان وانخ واا  خسائر اقتصادية كبيرة ناجمة عن

ة نوو  منطقووة الجبوول موواارع الوسوويطبعووا نوو  المصووابة بالبابيايووا  الماشووية نوو دراسووة توو ثير التتيوورات الدمويووة والكيميووا  الليويووة  رووو
مسلات دموية رقيقة من وريد الألن مصبوغة بصوبتة تم عمل ا سنوات 6-3من الماشية الهجين بين عمر  33نلصت خضرا الأ

 %(12.6)61مجموووعتين إلووت وموون خوولال روولا ال لوو  قسوومت  ،مجهريووال لمكشوو  عوون الط يوولثووم ال لوو  قيموواا موون جميوولا اللووالات 
نابيووب تلتوووي عمووت مووانلا أموون الوريوود الوووداج  نوو  نابيووب الوودم أثنووين موون إاجووري سوولب وكووللك  غيوور مصووابةا %(30.6)7مصووابة و
،  RBCنخ واا نو أأظهورت نتوائه رول  الدراسوات  ال ل  الدم وجا  اخر بدون مانلا تجموط لمتلاليول الكيميائيوة الليويوة اتجمط دم
PCV  ،Hb  ،MCH  ،MCV  ،  البوروتين الكمو (TP +) ، الكالسويوم (Ca +)   والصووديوم(Na +) نو  المجموعوة   ا

اللالات المصابة بالأعراا المرضوية  ا تمياتالبوتاسيوم(-K) و WBC ملا ايادة مملوظة ن  مستويات المصابة مقارنة بالسميمة
قودان نو درجة مئوية(، ونقدان الشهية، والاكتئاب، والضع ، وشلوب الأغشوية المخاطيوة، والبوول الودموي  36السريرية مثل اللمت )

 نخ اا اللميب والموت ن  غضون بضعة أياماأالوان، و 

 .كيميا  ليويةمركبات تتيرات دموية و  ،بقار الهجينةالأ ،بابيايابونين ال:  الكممات المفتاحية
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Abstract: Increasing incidence of Methicillin-Resistant Staphylococcus aureus (MRSA) is a 

well-documented healthcare and community phenomenon of concern to medical and public 

health communities all over the world. One of the most important sources of MRSA infection 

in hospitals is health care workers (HCWs) through nasal or hands carriage. The aim of this 

study is to determine the rate of methicillin-resistant Staphylococcus aureus among HCWs. A 

cross-sectional study involving 102 HCWs was conducted at Alwahda hospital, Derna. Nasal 

and hand swabs were collected and cultured on Mannitol Salt Agar. Gram staining was per-

formed on mannitol fermenting colonies. Slide catalase and coagulase were performed to 

identify S. aureus. An oxacillin and cefoxitin susceptibility test was carried out on Muller 

Hinton agar using the modified Kirby-Bauer disc diffusion method. Results: out of 102 

healthcare workers, 46 (45.1%) carried S. aureus. The rate of methicillin resistance amongst 

all S. aureus isolates was 47.8 % (22/46) whereas 21.6 % (22/102) of all HCWs were identi-

fied as MRSA carriers. Nurses had the highest MRSA carriage with 53%, compared to other 

HCW. On the other hand, the highest rate of MRSA (75%) was seen in CCU workers fol-

lowed by workers of pediatric and surgical wards (66%, 62% respectively). The high rate of 

nasal and hand MRSA carriage among healthcare workers, especially in high-risk wards, in-

dicates the imperfection of infection control measures in our hospitals and the necessity to 

improve the infection control program.  

 

Keywords: healthcare workers; nasal carriage; hand carriage; S. aureus, MRSA
 

INTRODUCTION 

Staphylococcus aureus is a common com-

mensal organism on human skin and mucosa 

mainly the anterior nares (Khanal et al. 2015; 

Lewis and Ellis 2007; Vandenesch et al. 

2003) with up to 20%–30% of humans persis-

tently colonized and 50%–60% intermittently 

colonized (Brooks et al. 2013). Moreover, the 

prevalence of 25% was found among hospital 

personnel (Haddadin, et al 2002).
 
Also, the 

increased incidence rate of MRSA isolates 

that are resistant to all currently available β-

lactam antibiotics is a well-documented 

healthcare and community phenomenon of 

tremendous concern to medical and public 

health communities around the world (Lewis 

and Ellis 2007). 

Moreover, MRSA is endemic in many hospi-

tals throughout the world and 50-60% of pa-

tients are merely colonized with MRSA 

(Shopsin et al. 2000). Excessive antibiotic 

usage, prolonged hospitalization, intravascu-

lar catheterization and hospitalization in the 

https://doi.org/10.54172/mjsc.v34i4.166
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v34i4.166&amp;domain=pdf&amp;date_stamp=2008-08-14
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intensive care unit are factors which contrib-

ute to MRSA (Anupurba. et al. 2003).In fact, 

there are three main reservoirs for MRSA in 

hospitals; staff, patients and inanimate ob-

jects such as beds and linens (Batabyal, et al 

s 2012; Hujier, And Saleem, 2008), but colo-

nized patients are the main reservoir of 

MRSA (Lewis and Ellis 2007). They fre-

quently shed MRSA, resulting in contamina-

tion of their skin, clothing, bedding, and 

nearby environmental surfaces (Cadnum et 

al. 2009; Stiefel et al. 2011). 

Besides that, HCWs may carry MRSA in 

their noses or on their hands (usually transi-

ent carriage) following either direct or indi-

rect contact with asymptomatic carriers or 

patients who have a clinical infection (Evans 

et al. 2008; Morgan et al. 2012). In addition, 

they may get infected through contact with 

the environment. They may then, unknowing-

ly transmit the organism to their patients (Al-

ruaily and Khalil 2011; Shiomori, et al 2001). 

Furthermore, even if medical staff correctly 

washes their hands, contact with contaminat-

ed environmental surfaces reduces the clean-

liness of the fingers.  The hands of HCWs 

were recognized as vectors in staphylococcal 

transmission as early as the 1960s (Cadnum 

et al. 2009; Khanal et al. 2015). The imper-

fect compliance with hand hygiene proce-

dures play an important role in HCWs colo-

nization and contribute to a high incidence of 

MRSA (Plipat et al. 2013). The HCWs with 

different kinds of occupations are all at risk 

to receive or mediate MRSA in the hospital. 

In most countries, the percentage of MRSA 

in hospitals is now higher than 20%. Percent-

ages greater than 50% are even reported in 

some countries (Blomquist 2006). Therefore, 

control of infections, screening of HCWs, 

and eradication of colonization may thus 

need to be considered (Rahbar, et al 2006). 

As MRSA is a major cause of healthcare-

associated infections, the detection of MRSA 

carriers within HCWs is vital to decrease the 

incidence of these infections.  Our study aims 

to screen the MRSA colonization among 

HCWs in Alwahda hospital, Derna. 

MATERIALS AND METHODS 

The study was carried out in AlWahda Hospi-

tal, Derna, Libya during the period of No-

vember – December 2013. A cross-sectional 

study was conducted on a total of 102 HCWs 

including; 63 hand swabs and 39 nose swabs.  

Nasal and hands swab collection: Between 

8 AM to 9 AM, nasal swabs were collected 

from anterior nares and hands of the HCWs 

using sterile cotton swabs (moistened with 

normal saline). The swabs were then immedi-

ately transported to the Microbiology labora-

tory for further processing (Cheesbrough 

2006).  

Culture and identification: Specimens were 

inoculated on blood agar and chocolate agar 

aerobically at 35ºC for 24 hours. Suspected 

colonies of S .aureus were tested by Gram 

stain, catalase test, and coagulase test. Gram-

positive cocci which were catalase and coag-

ulase-positive were inoculated on Mannitol 

salt agar (MSA) aerobically at 35ºC for 24 

hours (Betty, et al 2007).
 
 

Antibiotic susceptibility test: Antibiotic 

susceptibility testing of all isolates against 

two types of antibiotics oxacillin and cefox-

itin by using the disc diffusion method in ac-

cordance with the British Society for BSAC 

(Andrews and Bsac 2008).  Oxacillin 1µg 

(Oxoid Antimicrobial Susceptibility Test 

Discs, Basingstoke, UK) was used to identify 

MRSA, in addition, the cefoxitin (second-

generation cephalosporins) 30µg (Oxoid An-

timicrobial Susceptibility Test Discs, Basing-

stoke, UK) was used for assisting in the de-

termination of oxacillin resistance in staphy-

lococci. S. aureus. Strains which grow and 

form zone diameter ≤10mm around oxacillin, 

and ≤14 around cefotixin, were classified as 

methicillin-resistant. The strains which grow 
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and form zone diameter ≥13mm around oxa-

cillin and ≥18 around cefotixin, were classi-

fied as susceptible (CLSI 2015). 

Data were analyzed using SPSS 17.0. 

RESULTS 

Demographic Information of HCWs: The 

distributional pattern of demographic infor-

mation of HCWs is shown in Table 1. As can 

be seen, the highest percentage of MRSA was 

observed in the age group 40-49 years (60%), 

and males had a higher carriage rate (53%) of 

MRSA than females (45.2%).   

  
Table: 1. Demographic Information of Respondents 

Demographic 

characteristics 

 

S. aure-

us 

(n= 46) 

MRSA 

(n= 22) 

Age group Frequency % 

20-29 17 8 47.1 

30-39 23 11 47.8 

40-49 5 3 60 

50-59 1 0 0.00 

Gender    

Male  15 8 53.3 

Female  31 14 45.2 

Profession    

Doctors 12 4 33.33 

Nurses 28 15 53.6 

Others  6 3 50 

 

Nasal and hand Carriage Rate of S. aureus 

and MRSA: Of 102 screening sample, S 

.aureus isolates were 46 (45.1%) which were 

isolated from (26 hands, 20 noses), of them 

22 (47.8%) were MRSA, giving an overall 

positivity rate of 21.6 % (22/102) as shown in 

table 2. The distribution of MRSA carriage 

according to HCW duties is presented in fig 

1. MRSA carriage was particularly high 

amongst nurses (53%), and cleaners (50%). 

On the other hand, the highest rate of MRSA 

carriers (75%) were HCWs in CCU followed 

by pediatrics and surgery, (66% and 62% re-

spectively) (fig 2).  

 

 

Table: (2). Distribution of S. aureus and MRSA in 

noses and hands of HCWs 

No. of positive 

HCWs (%) Sample fre-

quency 

Specimen 

positive in 
S. aureus    MRSA 

7 (6.9) 20 (19.6) 39 Nose 

15 (14.7) 26 (25.5) 63 Hands 

22 (21.6) 46 (45.1) 102 Total 

HCWs= health care workers 

 

 
Figure (1). Distribution of MRSA in Alwhda, Derna 

HCWs according to the duties 

 

Figure: (2). Distribution of MRSA in hand and nose 

of HCWs according to hospital wards 

 

DISCUSSION 

S. aureus is one of the most common causes 

of serious infection in the community and 

hospitals. It is a bacterium that is naturally 

present with the human and is found as nor-

mal flora on the skin and anterior nares. The 

HCWs carriage percentage of S. aureus has 

been reported to be 45.1% and that of MRSA 
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has been shown to be 21.6%.  In our study, 

the nasal and hand carriage rate of S. aureus 

was found to be 6.9% and 14.7% respective-

ly. This finding was similar to previous stud-

ies from Tripoli, Libya (Ahmed et al. 2012). 

Lower rates were reported internationally 

from Nepal (3.4%), Ethiopia (12.7%), and 

Iran (13.9%,4.6%,) (Jannati et al. 2013; Kha-

nal et al. 2015; Rahbar, et al 2006; Shibabaw, 

et al 2013).Furthermore, The rate of MRSA 

among the  HCWs carrying S. aureus, 47.8 % 

(22/ 46), is higher than the 39% reported by 

Zorgani AA., et al in Libya (Zorgani et al. 

2009) but it is lower than that reported from 

Iran, Nepal and Ethiopia (21.9 %, 35%, and 

44.1%) (Khanal et al. 2015; Rahbar, et al 

2006; Shibabaw, et al 2013). 

The differences in the carriage rate of MRSA 

between different studies can be attributed to 

variations in sampling techniques, culturing, 

and identification methods of MRSA. In ad-

dition, local infection control standards and 

the local prevalence of MRSA are important 

factors. 

The relatively high MRSA rate in this study 

could be a reflection of weak compliance of 

HCWs with basic infection control measures; 

the most important of which is the hand hy-

giene practices. During the study, we ob-

served that most of the medical staff were 

ignoring hand washing. In addition, we could 

not observe perfect cleaning procedures of 

the patient rooms, although, in some wards, 

the routine is to disinfect using 70 % alcohol 

once a week after patient discharge, which is 

neither perfect nor enough for sterilization of 

the surfaces.   

Unknown carriers between patients may in-

troduce MRSA into the hospital environment 

and transmit it to other patients, mainly via 

the transiently colonized hands of hospital 

staff. in order to prevent the detection of 

transient, short term MRSA hand carriage 

that may occur during a work shift Zuschneid 

et al. suggested that screening of HCWs 

hands should be performed before starting 

work duties(Zuschneid et al. 2006). This was 

not done in our study, where the samples 

were taken after the person had already start-

ed their work.  

The carriage rate for S. aureus and MRSA 

differed for various professional groups. In 

our study; nurses were observed to have the 

highest colonization rate (53%) compared 

with other HCWs.  Nurses were the most 

commonly colonized HCWs in other studies 

(Khanal et al. 2015; Rahbar, et al 2006; Shi-

babaw, et al 2013) 
 
although the rates ob-

tained were far lower than our rates (7.8 %, 

21.2 %, 12.9% respectively). One study has 

shown a higher rate of 64% amongst nurses 

(Askarian et al. 2009). Nurses that had a high 

colonization with MRSA may be attributed to 

their frequent contact with patients, weak ex-

perience in taking care of patients, and weak 

attention to the infection control policies, and 

most importantly, the ignorance of frequent 

hand washing.   

Although MRSA was isolated from HCWs in 

all hospital wards, the prevalence of MRSA 

was high among the HCWs in the CCU 

(75%) followed by pediatric and surgical 

wards (66, 62 respectively). The CCU de-

partment is a site of high healthcare worker–

patient contact, potentially substantial crowd-

ing, especially with a limited number of hos-

pitals in our region; perhaps that explains the 

high colonization rate seen in the CCU 

HCWs. A much less prevalence (24%) has 

been shown in another study (Al-Talib et al. 

2013).  

Additionally, HCWs of surgical wards have 

the second higher rate in our study (66%), 

and this was higher than other countries 

57.1%, 28.6 % in Nepal and Ethiopia respec-

tively (Khanal et al. 2015; Shibabaw, et al 

2013).
 

Nevertheless, numerous studies re-

vealed that the rate of MRSA is highest in 

HCWs of surgical wards (Askarian et al. 

2009; Khanal et al. 2015; Shibabaw, et al 
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2013; Zuschneid et al. 2006). As a conse-

quence of HCWs having a high carriage of 

MRSA, the chances of transmission of the 

organism to patients during patient-care are 

highly suspected.As 62% of the isolates be-

longed to HCWs from the surgical ward, the 

vulnerability of surgical wound to infection 

with MRSA among the patients, following 

transmission from the HCWs,    could explain 

the high rate of post-surgical wound infec-

tions that complicate and delayed postopera-

tive recovery. The high carriage rate in the 

surgical ward in our study necessitates the 

implication of highly sophisticated infection 

control measures in order to prevent trans-

mission to vulnerable operated patients.  

In contrast to high rates in CCU and Surgical 

wards, the gynecology department has the 

lowest rate of MRSA carriage (25%), the 

same finding was revealed by.(Shibabaw, et 

al 2013). Within MRSA carriers, the highest 

rate was observed in the age group 40-49 

(60%), while in a study by Shibabaw A et al, 

the highest rate was recorded in the age 

group 20 to 29 years (Shibabaw, et al 2013).  

The increased rates of MRSA colonization 

among HCWs have important implications 

since HCWs may serve as a vector of 

cross‐transmission to patients and may intro-

duce the pathogen into their communities. 

Thus, the HCWs are not only a source but 

also a vector or a victim of MRSA infection 

(Albrich and Harbarth 2008).  

 Numerous studies proved that screening for 

nasal carriers of HCWs is very effective in 

controlling the spread of MRSA within dif-

ferent wards in hospitals since the nares and 

the anterior nares are important sources of 

MRSA (Albrich and Harbarth 2008; Cesur 

and Cokça 2004). 
 

CONCLUSION 

The present study indicates a high carriage 

rate of MRSA (47.8%) among HCWs carry-

ing S. aureus. The carriage rate was high in 

nurses and HCWs in CCU wards. The high 

MRSA rate in this hospital necessitates the 

implementation of a protocol to control the 

risk of nosocomial MRSA, such as routine 

screening of HCWs for MRSA, susceptibility 

testing of isolates obtained, and education 

about basic infection control measures espe-

cially hand washing and disinfection. In addi-

tion, temporary layoff for colonized staff, 

isolation of colonized and infected patients 

should be taken to control the spread of 

MRSA infection. 
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مررررن رررررواىر الرعايررررة ال ررررحية ( MRSAتعتبررررر زيررررادة حررررالات المكررررورات العنقوديررررة اليىبيررررة المقاومررررة لممي يسرررريمين   :المستتتتتخم 
م رادر عردو   العامة في جمير  أنحراء العرالمح أحرد أىرمالمجتمعات الطبية والرعاية ال حية المو قة جيدًا وت ير اىتمام اوالمجتمعية 

MRSA   في المستشفيات ىو عمال الرعاية ال حيةHCWs  من خلال حمل ىيه البكتيريرا عرن طريرلأ الأنر  أو الأيرديح لريل )
جريرت أ الرعايرة ال رحيةح امميكان اليد  من ىيه الدراسة ىو تحديد معدل المكورات العنقودية اليىبية المقاومة لممي يسيمين برين عر

درنررةح حيررث تررم جمرر  المسررحات مررن  رعايررة ال ررحية فرري مستشررفي الوحرردة مررن العرراممين فرري مجررال ال 304دراسررة مستعر ررة شررممت 
أجرار المرانيتول الممحريح وبعرد عرزل البكتيريرا وعمرل الاختبرارات الكيموحيويرة  لتعرير  المكرورات  ىيدي العاممين وزرعيرا عمرأنو  و أ

المرولر ىينترون باسرتخدام أجرار  ىوكساسريممين وسيفوكسريتين عمرلحيويرة الأر الحساسرية لمم رادات اجراء اختبراإتم  ،ليىبيةالعنقودية ا
( كررانوا 6753 % 68مررن العرراممين فرري مجررال الرعايررة ال ررحية،  304بررين  نررو مررناريرررت النتررائ  إ حيررث قررراا المنتشرررةحطريقررة الأ

( بينمرررا 68\44   :695قوديررة اليىبيررة %حرراممين لممكررورات العنقوديررة اليىبيررةح وكررران معرردل مقاومررة الم يسرريممين برررين المكررورات العن
المكرررورات العنقوديرررة اليىبيرررة المقاومرررة  ونبالترررالي ىرررم حررراممرعايرررة ال رررحية و ( مرررن كرررل العررراممين فررري مجرررال ال%44/304   4358

كرران %(ح و 75بررين الممر ررات بنسرربة   ىعمررأ لممي يسرريمينح نسرربة الحرراممين لممكررورات العنقوديررة اليىبيررة المقاومررة لممي يسرريمين كانررت
فرري  ون%( يتبعيررا العررامم97مركررزة  بررين العرراممين فرري عنايررة القمررب الة اليىبيررة المقاومررة لممي يسرريمين أعمرري معرردل لممكررورات العنقوديرر

مرة لممي يسرريمين فرري ارتفرا  معرردل حرراممي المكرورات العنقوديررة اليىبيررة المقاو  التررواليح ى%( عمرر84-% 88طفررال والجراحرة  الأ قسرامأ
النقا فري السريطرة عمري العردوي فري  إلىيشير خا ة في الاقسام العالية الخطورة مين في مجال الرعاية ال حية ن  لمعاماليد والأ

 ح تحسين برام  مكافحة العدو ل والحاجة ،مستشفياتنا

 ينية اليىبية المقاومة لممي يسيمالمكورات العنقود ،حمل اليدين ،حمل الأن  ،عمال الرعاية ال حية الكممات المفتاحية :
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Abstract: The paper aimed to identify and describe the taxonomic morphological structure of 

Xylocopa species in North Eastern Libya. The samples were collected from different natural sites of 

Aljabal Alakhder region, identified, and morphological description and measurements of body 

length (in cm) (From antennal base to apical of pygidium), front wings length, thorax, and abdomen 

width were conducted, four species of Xylocopa were identified and described morphologically, 

which includes Xylocopa (Koptortosoma) pubescens Spinola, 1838, Xylocopa (Proxylocopa) 

olivieri Lepeletier 1841, Xylocopa (Rhysoxylocopa), amedaei Lepeletier, 1841, Xylocopa iris 

(Christ, 1791). Our conclusion revealed that the investigated area was diverse with Xylocopa 

species and insists on the importance of descriptive study to supply taxonomic information.  

Keywords: Xylocopa; Xylocopinae; Morphology; Identification; Libya 

 

INTRODUCTION 

Large carpenter bees, species of the genus 

Xylocopa Latreille, 1802, are considered as one 

of the important floral visitors and bee 

pollinators of flowering plants in many 

terrestrial ecosystems, including both 

agricultural plants and non-agricultural settings 

(Gerling et al., 1989; Hurd, 1963; Keasar, 

2010; Mawdsley et al., 2016). 

The genus Xylocopa includes about 450 

species (Michener, 2007). The classification of 

subfamily Xylocopinae (Hymenoptera: Apidae) 

includes bees that are superficially very varied: 

in Israel, they are large and robust (13 to 33 

mm long) Xylocopini as opposed to the small 

and slender (3 to 13 mm) Allodapini, Ceratinini 

and Manueliini (Michener, 2007). Xylocopini 

(Xylocopa Latreille 1802: subgenera Copoxyla 

Maa, Ctenoxylocopa Michener, Koptortosoma 

Gribodo, Proxylocopa Hurd and Moure and 

Xylocopa Lepeletier), follow the higher 

classification of (Michener, 2007; Minckley, 

1998). 

Xylocopa generally, being black, metallic 

bluish or greenish-black, or purplish-blue. 

Some males have yellowish areas on the face. 

Both sexes may have pale or yellowish 

pubescence on the thorax, legs, or abdomen, 

but these hairs are not as abundant or as 

intensely colored as in bumble bees. Large 

carpenter bees are readily distinguished from 

bumble bees primarily by the absence of 

pubescence on the dorsum of the abdomen, 

which is somewhat shiny (Michener, 2007). As 

noted by (Eardley, 1983), the taxonomy of 

species in this subgenus has been based largely 

on characteristics of body size and coloration, 

particularly the color of the pale pubescence on 

the mesosoma and metasoma of the females, 

which ranges from white to bright yellow. 

(Cockerell, 1908) used total body length and 

forewing length as diagnostic characters in a 

key to separate the different species. 

Many of the Libyan endemic wild bee species 

are predominantly found on restricted mountain 

habitats Aljabale Alakhder (Zavattari, 1934). 

The area of Cyrenaica is considered to be one 

of the most densely populated areas of wild and 

cultivated flora. The studies of wild bees were 

limited to ancient studies from the Italian 

colonial period (Zavattari, 1934).  

https://doi.org/10.54172/mjsc.v34i4.165
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v34i4.165&amp;domain=pdf&amp;date_stamp=2008-08-14
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The diversity and taxonomic description of 

Xylocopa species in the North East Libya 

region are still poorly known. The main 

objective of this research is to identify and 

describe the taxonomic morphological 

characteristics of some bee species in North 

East Libya to provide taxonomical information 

that facilitates species identifications. 

 

MATERIALS AND METHODS 

Study sites: The samples were collected from 

different natural sites of Aljabal alakhder 

region Eastern part of Libya (Cyrenaica): 

Elbaida, 32°45'40.4"N 21°44'51.4"E (619m) 

Cyrene 32°48'55.99"N 21°2'05.13"E (634 m), 

Alwasita 32°51'08.83"N 21°43'43.91"E (336 

m) and Sussa 32°53'47.86"N 21°58'15.74"E. 

(15 m)  These locations characterized by 

coverage with dense wildflowers of Stachys 

tourneforti, Anchusa hybridia, Notobasis 

syriaca…etc, and flowers of cultivated plants 

such as almond, apple, and other vegetable. 

 

Collecting Bees 

In the Field: A biological survey for wild bees 

was conducted during different seasons (2014–

2018), and collection was on a sunny day 

between 09:00 and 18:00 throughout the entire 

flowering period of the wild plants (February -

September). Bees were collected with sweep 

nets and aspirators. The collected bee 

specimens were kept in glass jars filled with 

paper tissues to avoid bee damage, and some 

drops of ethyl acetate to kill the bees. After the 

killing process, the specimens were stored in 

paper envelopes. Time and date of visited 

flowers were documented for each specimen. 

The coordinates were recorded for each site 

with a global positioning system (GPS) device.  

 

In the Laboratory: Specimens were pinned and 

mounted, each specimen was labeled with an 

independent label containing the collecting 

time, date, and area of collection. All 

specimens were kept in wooden insect boxes 

supplied with foam plates for pinning and 

naphthalene balls to enable long storage 

without pest damage. 

 

Identification of specimens: Identification was 

carried out by using available references (Hurd, 

1963; Maa, 1970; Michener, 2007; Terzo & 

Rasmont, 2014; Warncke, 1982), and all 

specimens confirmed by International Bees 

specialists. 

 

3.4. Morphological description 

The bee's description includes: 

Measurements :Body length (in cm) (From 

antennal base to apical of pygidium), front 

wings length, thorax and abdomen width. 

Body color 

Head: structure of vertex surface, compound 

eye, ocelli, clypeus, labrum, antenna, 

mouthparts, mandibles, genal area, facial fovea. 

Thorax: thorax structure, tegula, wing, legs 

structures 

Abdomen: tergum, sternum and pygidial plate. 

Morphological terminology used in the 

descriptions of bees follows (Michener, 2007). 

Photographs of different morphological 

structures were taken by using a 

stereomicroscope equipped with an Olympus 

digital camera. All specimens were deposited 

in collection wood boxes in the entomology 

laboratory of the Zoology Department, Faculty 

of Sciences, Omar Almukhtar University.  

 

RESULTS 

Xylocopa (Koptortosoma) pubescens Spinola, 

1838 

= Xylocopa aestuans L., 1758  

Examined material: ♀1 Albaida 15.7.2014, 4 

Sussa 20.6.2018. 

19-22 mm body length, body fairly robust, 

integument black or dark brown (Fig. 1). 
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Figure (1). Adult of (♀) Xylocopa pubescens. 

 Head: rounded and slightly narrower than the 

body, dense white setae, densely punctate, 

vertex curved to the inside with long black 

setae erected to the outside (Fig. 2).  

 

Figure (2). The head of (♀) Xylocopa pubescens. 

Compound eye: dark brown with small short 

scattered setae, dense long black setae between 

compound eyes, paraocular carina clear, genal 

area wide. 

Ocelli: triangle shape, small, dark brown, the 

lateral ocelli less than the height level of 

compound eyes, the median ocellus aligned 

with frontal line (Fig. 3). 

 

Figure (3). Ocelli of (♀) Xylocopa pubescens. 

Clypeus: black, the end of apical with two 

lateral extensions, long dark brown setae 

erected to down, densely punctate. 

Mandibles: rectangular, elongated, black, 

bidentate at apex, apical tooth slightly longer 

than preapical tooth, black lope at the 

connected area with the malar area, outer ridge 

clear, little punctates (Fig. 4). 

 

 

Figure (4). Mandible of (♀) Xylocopa pubescens. 

Labrum: short projection on a triangular shape, 

black.  

Mouthparts: long, galea black at the base, dark 

brown at the apical, glossa light brown with 

dense short light brown setae (Fig.. 5). 

 

 
Figure (5). Mouthparts of (♀) Xylocopa pubescens. 

Antennae: twelve segments, antennal socket 

dark brown, scape long, rectangular, curved at 

the apical, dark brown to black, pedicel short, 

rounded, black, apical edge dark brown, 

flagellum ten segments, the first flagellomere 

longer than the rest of the other flagellomeres, 

narrower at the base, wider at the apical, black 

and apical edge light brown, the other tenth 

flagellomeres equal in the shape and size, light 

 

Labr
um  
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brown, the terminal flagellomere of antennae in 

sharp form (Fig. 6). 

 

 
Figure (6). Antenna of (♀) Xylocopa pubescens. 

Thorax: width across thorax 4 mm, prothorax 

larger than mesothorax and metathorax, black, 

dense long yellow setae cover the thorax 

surface (fig. 7), tegula clear, large, dark brown.  

 

Figure (7). Thorax of (♀) Xylocopa pubescens. 

Wings: forewings length 6 mm, dark brown, 

the veins darker brown, marginal cell long and 

wider at the middle, extended along the edge of 

the wing, the apical of marginal cell not jointed 

with costa vein, three submarginal cells, 3smc 

larger than 1smc and 2smc, 2smc smaller than 

1smc and 3smc, vein Rs (2
nd 

abscissa) curved, 

vein 1rs-m with the same line vein 1m-cu, vein 

2rs-m curved outward, vein 2m-cu meets 

median vein opposite third submarginal cell, 

basal vein straight, the lower end meeting the 

longitudinal vein at an acute angle (fig. 8a), the 

jugal lobe of hindwing is short, less than half 

the length of vannal lobe, and not nearly 

reaching the vein closing the cubital cell (Fig. 

8b). 

 
Figure (8). a- forewing, b- hindwing of (♀) Xylocopa 

pubescens. 

Legs: coxa elongated, triangular, dark brown 

with dense short black setae, trochanter 

rectangular, narrower at the base, wider at the 

apical, dark brown with long black setae, femur 

wider at the base, narrower at the apical, dark 

brown with dense long black setae erected 

downwards, tibia narrower at the base, wider at 

the apical, dark brown with dense long black 

setae, tibial spur ciliated from each side, long, 

black, forelegs and midlegs with one tibial spur 

(fig. 9a), hind legs with two tibial spurs, tibial 

spine one each leg, tarsus five segments in each 

leg, basitarsus longer than mediotarsus and 

distitarsus, dark brown with dense long black 

setae erected downwards, mediotarsus three 

segments equal in the shape and size, dark 

brown with little long black robust setae 

erected downwards at the apical, distitarsus is 

longer than mediotarsus, narrower at the base, 

wider at the apical, dark brown with little black 

setae (Fig. 9b). 

 

 
Figure (9). a-Tibial spur, b-Midleg of (♀) Xylocopa 

pubescens. 

Pair of elongated tarsal claws, branched at 

apical, the lateral longer than the internal one, 
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the base dark brown, apical black, arolium with 

short yellow setae (Fig. 10). 

 

Figure (10). Tarsal claws of (♀) Xylocopa pubescens. 

Abdomen: width across abdomen 8 mm, six 

segments, black with dark brown color bands at 

apical edges, densely punctate, tergum II wider 

than the rest of the other terga, tergum VI  

triangle-shaped, narrower than the rest of the 

other terga (fig. 11a), the pygidial plate black, 

relatively narrow and extend across tergum VI  

with dense long dark brown robust setae 

erected downwards, dense long black setae at 

the edges, sternum the base dark brown, apical 

black, dense black setae at the apical edge of 

each sternum, sterna I to III has a meeting area 

in the middle (Fig.11b). 

 

Figure (11). a- Tergum, b- Sternum of (♀) Xylocopa 

pubescens. 

 

Xylocopa (Proxylocopa) olivieri  lepeletier 

1841 

Examined material: ♂1 Albaida 15.7.2014. 

16 mm body length (fig. 12). 

 

Figure (12). Adult of (♂) Xylocopa olivieri. 

Head:  triangular, narrower than the body, 

black, densely punctate, vertex simple, curved 

to the inside with long light brown setae 

erected to the outside. 

Compound eyes: light brown and occupy most 

of the head, dense long light brown setae 

between compound eyes, paraocular carina 

clear, genal area narrow. 

Ocelli: triangle-shaped, dark brown, the median 

ocellus bigger in the size than the lateral ocelli, 

the lateral ocelli less than the height level of 

compound eyes, the median ocellus with 

frontal line (Fig. 13). 

 

Figure (13). Ocelli of (♂) Xylocopa olivieri. 

Clypeus: clear, reddish brown, densely 

punctate (Fig. 14). 

paraocular lobe: clear, dark brown. 

 

Figure (14). Clumps' of (♂) Xylocopa olivieri. 
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Mandibles: rectangular, dark brown, wider at 

the base, narrower at the apical, bidentate at 

apex, apical tooth longer than the preapical 

tooth, two condylar ridges clear, densely 

punctate especially at the base (Fig. 15). 

 

Figure (15). Mandible of (♂) Xylocopa olivieri. 

Labrum: rectangular, dark brown, densely 

punctate. 

Mouthparts: long, galea dark brown, glossa 

light brown with dense short light brown setae 

erected to down (Fig. 16). 

 

Figure (16). Mouthparts of (♂) Xylocopa olivieri. 

Antennae: thirteen segments, dark brown, scape 

long, rectangular, curved at the apical, pedicel 

short, rounded, flagellum eleven segments, the 

first flagellomere longer than the rest of the 

other flagellomeres, narrower at the base, wider 

at the apical, the other tenth flagellomeres 

equal in the shape and size, the terminal 

flagellomere of antennae is rounded form (Fig. 

17). 

 

Figure (17). Antenna of (♂) Xylocopa olivieri. 

Thorax: width across thorax 8-9 mm, 

prothorax larger than mesothorax and 

metathorax, black, densely punctate, dense 

long yellow setae (Fig. 18), tegula clear, large, 

dark brown.  

 

Figure (18).  Thorax of (♂) Xylocopa olivieri. 

Wings: forewings length 14 mm, transparent 

brown, the veins dark brown, vein Sc+R black, 

marginal cell long and narrow, marginal cell 

darker than the rest of the wing, the apical of 

marginal cell not jointed with costa vein, three 

submarginal cells, 3smc larger than 1smc and 

2smc, 2smc smaller than 1smc and 3smc, vein 

Rs (2
nd 

abscissa) curved, vein 1rs-m with the 

same line vein 1m-cu, vein 2rs-m curved 

outward, vein 2m-cu meets median vein 

opposite third submarginal cell, basal vein 

slightly and evenly arched, the lower end 

meeting the longitudinal vein at an acute angle 

(fig. 19), the jugal lobe of hindwing is short, 

less than half the length of the vannal lobe, and 

not nearly reaching the vein closing the cubital 

cell. 
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Figure (19). Forewing of (♂) Xylocopa olivieri. 

Legs: coxa triangle, light brown with little long 

yellow setae, trochanter narrower at the base, 

wider at the apical, light brown with little long 

yellow setae, fumer wider at the base, narrower 

at the apical, dark brown with long yellow 

setae erected downwards, tibia long, narrower 

at the base, wider at the apical, light brown 

with dense long yellow setae erected 

downwards, tibial spur one on each leg, 

ciliated, pointed at the apical, dark brown, 

tibial spine one on each leg, tarsus five 

segments on each leg, basitarsus longer than 

mediotarsus and distitarsus, dark brown with 

dense long yellow setae, mediotarsus three 

segments equal in the shape and size with little 

long yellow robust setae erected downwards at 

the apical, distitarsus longer than mediotarsus, 

narrower at the base, wider at the apical, dark 

brown with little short yellow robust setae 

erected downwards at the apical (Fig. 20). 

 

Figure (20). Distitarsus of (♂) Xylocopa olivieri. 

Pair of elongated tarsal claws branched at 

apical, the lateral longer than the internal one, 

the base dark brown, apical black, arolium with 

short yellow setae (Fig. 21). setae (Fig. 21). 

 

 
Figure (21). Tarsal claws of (♂) Xylocopa olivieri. 

Abdomen: width across abdomen 9 mm, seven 

segments, black with dark brown color bands at 

apical edges, dense long yellow setae, densely 

punctate, tergum II is wider than the rest of the 

other terga, tergum VII is a semi-rounded 

shape, narrower than the rest of the other terga, 

edges with bands of dense yellow setae (Fig.. 

22a), sternum each sternum has a little curve at 

the apical with a bond of dense long light 

brown setae (Fig. 22b). 

 

Figure (22). a- Tergum, b- Sternum of (♂) Xylocopa 

olivieri. 

 

Xylocopa (Proxylocopa) olivieri lepeletier 

1841 

Examined material: ♀1 Albaida 20.7.2014. 

24 mm body length (Fig. 23). 
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Figure (23). Adult of (♀) Xylocopa olivieri. 

Head: rounded and slightly narrower than the 

body, black, densely punctate, vertex simple, 

curved to the inside with dense long light 

brown setae erected to the outside (fig. 24). 

 

Figure (24). The head of (♀) Xylocopa olivieri. 

Compound eyes: light brown, dense long light 

brown setae between compound eyes, 

paraocular carina is clear, genal area is wide. 

Ocelli: triangle shape, bright brown, the lateral 

ocelli is less than the height level of compound 

eyes, median ocellus aligned with frontal line.  

Clypeus: dark brown, the end of apical is thick, 

small long light brown setae, densely punctate. 

Paraocular lobe: clear, dark brown. 

Mandibles: rectangular, dark brown at the base, 

black at the apical, bidentate at the apex, apical 

tooth longer than the preapical tooth, sharp 

teeth, dark brown lope at the connecting area 

with the malar area, malar area dark brown, 

outer ridge and condylar ridge clear with little 

long light brown setae, acetabular groove clear, 

outer groove clear, condylar groove clear (Fig. 

25). 

 

Figure (25). Mandible of (♀) Xylocopa olivieri. 

Labrum: short projection on triangular shape, 

black. 

Mouthparts: long, galea dark brown, glossa 

light brown with little short light brown setae 

erected downwards (Fig. 26). 

 

Figure (26). Mouthparts of (♀) Xylocopa olivieri. 

Antennae: twelve segments, dark brown, 

antennal socket dark brown, scape long, curved 

at the apical, narrower at the base, wider at the 

apical, pedicel short, rounded, flagellum ten 

segments, the first flagellomere longer than the 

rest of the other flagellomeres, narrower at the 

base, wider at the apical, the other ninth 

flagellomeres equal in shape and size, the 

terminal flagellomere of antennae is in a sharp 

form (Fig. 27). 

 

Figure (27). Antenna of (♀) Xylocopa olivieri.  

Thorax: width across thorax 8 mm, prothorax 

larger than mesothorax and metathorax, black, 
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densely punctate, dense long light brown setae, 

tegula clear, large, dark brown (Fig. 28). 

 

Figure (28). Thorax of (♀) Xylocopa olivieri. 

Wings: forewings length 17 mm, transparent 

brown, the veins dark brown, vein Sc+R black, 

marginal cell long and narrow, marginal cell 

darker than the rest of the wing, the apical of 

the marginal cell is not jointed with costa vein, 

three submarginal cells, 3smc larger than 1smc 

and 2smc, vein 1rs-m with the same line vein 

1m-cu, vein 2rs-m curved outward, vein 2m-cu 

meets median vein opposite the third 

submarginal cell, basal vein straight and evenly 

arched, the lower end meeting the longitudinal 

vein at an acute angle (fig. 29a), the jugal lobe 

of hindwing is very short, much less than half 

the length of the vannal lobe, and not reaching 

anywhere near as far as the vein closing the 

cubital cell (fig. 29b). 

 
Figure (29). a- Forewing, b- Hindwing of (♀) Xylocopa 

olivieri. 

Legs: coxa triangular, dark brown with dense 

long dark brown setae, trochanter rectangular, 

narrower at the base, wider at the apical, dark 

brown with dense dark brown setae at the 

edges, Fumer wider at the base, narrower at the 

apical, dark brown with long black setae 

erected downwards, tibia rectangular, wider at 

the base, narrower at the apical, dark brown 

with dense long black setae erected 

downwards, tibial spur one on each leg, ciliated 

from each side, dark brown, tibial spur of 

forelegs short, tibial spur of midlegs and hind 

legs long, tibial spine one on each leg, tarsus 

five segments on each leg, basitarsus longer 

than mediotarsus and distitarsus, dark brown 

with dense long dark brown setae erected 

downwards of forelegs, dark brown with dense 

long reddish brown setae erected downwards of 

midlegs and hind legs, mediotarsus three 

segments equal in shape and size, dark brown 

with little long reddish brown robust setae 

erected downwards at the apical, distitarsus 

longer than mediotarsus, narrower at the base, 

wider at the apical, dark brown with little short 

reddish brown robust setae erected downwards 

at the apical (Fig. 30), tarsus of hind legs with 

dense long reddish brown setae more than the 

forelegs and midlegs.   

 

 
Figure (30). Hind leg of (♀) Xylocopa olivieri.  

 

Pair of elongated tarsal claws, branched at 

apical, the lateral longer than the internal one, 

the base dark brown, apical black, arolium with 

short yellow setae (Fig. 31). 

 

 
Figure (31). Tarsal claws of (♀) Xylocopa olivieri. 
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Abdomen: width across abdomen 10 mm, six 

segments, the base black, apical dark brown, 

each tergum with dense long light brown setae, 

terga from I to V equal in the shape and size, 

tergum VI triangle shape, narrower than the 

rest of the other terga, dense long dark brown 

setae at the edges (Fig. 32a), sternum dark 

brown with dense long reddish-brown setae 

erected downwards especially at the edge of 

each sternum (Fig. 32b ).   

 

 
 Figure (32). a- Tergum, b- Sternum of (♀) Xylocopa 

olivieri. 

 

 Xylocopa (Rhysoxylocopa) amedaei 

Lepeletier, 1841 

 

Examined material: ♀1 Albaida 15.6.2012.  

20 mm body length (Fig. 33). 

 
Figure (33). Adult of (♀) Xylocopa amedaei . 

Head: rounded and slightly narrower than the 

body, black, densely punctate, vertex simple 

and curved to the inside with dense long black 

setae erected to the outside.  

Compound eyes: bright black, dense short light 

brown setae between compound eyes, 

paraocular carina clear, genal area is wide. 

Ocelli: triangle shape, dark brown, the lateral 

ocelli less than the height level of compound 

eyes, median ocellus aligned with frontal line. 

Clypeus: dark brown, the end of apical with 

two lateral extensions curved to the inside, 

densely punctate, dense long dark brown setae 

erected downwards. 

Mandibles: rectangular, wider at the base, 

narrower at the apical, bidentate at apex, apical 

tooth longer than preapical tooth, black with 

black lope at the connecting area with the 

malar area, outer groove clear, densely 

punctate especially at the base (fig. 34). 

 

Figure (34). Mandible of (♀) Xylocopa amedaei. 

Labrum: short projection on triangular shape, 

black, 

Mouthparts: long, galea dark brown, glossa 

light brown with long light brown setae erected 

downwards. 

Antennae: twelve segments, dark brown, 

antennal socket dark brown, scape long, curved 

at the apical, pedicel short, rounded, flagellum 

ten segments, the first flagellomere longer than 

the rest of the other flagellomeres, narrower at 

the base, wider at the apical, the other nine 

flagellomeres equal in shape and size, the 

terminal flagellomere of antennae in a sharp 

form (Fig. 35).  
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Figure (35). Antennae of (♀) Xylocopa amedaei. 

Thorax: width across thorax 5 mm, prothorax 

larger than mesothorax and metathorax, black, 

dense long light brown setae, densely punctate, 

tegula clear, large, black (Fig. 36). 

 
Figure (36). Thorax of (♀) Xylocopa amedaei. 

Wings: forewings length 17 mm, light brown, 

the veins dark brown, vein Sc+ R black, 

marginal cell long and narrow, marginal cell 

darker than the rest of the wing, the apical of 

marginal cell not jointed with costa vein, three 

submarginal cells, 3smc longer than 1smc and 

2smc, vein 1rs-m with the same line vein 1m-

cu, vein 2rs-m curved outward, vein 2m-cu 

meets median vein opposite third submarginal 

cell, basal vein straight, the lower end meeting 

the longitudinal vein at an acute angle (Fig. 

37a), jugal lobe of hindwing very short, much 

less than half the length of the vannal lobe, and 

not reaching anywhere near as far as vein 

closing cubital cell (Fig. 37b).  

 

Figure (37). a- Forewing, b- Hindwing of Xylocopa 

amedaei. 

Legs: trochanter narrower at the base, wider at 

the apical, dark brown with dense black setae at 

the edges, fumer long, rectangular, dark brown 

with dense long black setae erected 

downwards, tibia elongated, wide, dark brown 

with dense long black setae erected downwards 

of forelegs and midlegs, dark brown with dense 

long reddish brown setae erected downwards of 

hind legs, tibial spur ciliated at inner edge, 

sharp at the outer edge, dark brown, forelegs 

with one tibial spur, short, midlegs with one 

tibial spur, long, hind legs with two tibial spurs, 

long, tibial spine one each leg, tarsus five 

segments on each leg, basitarsus longer than 

mediotarsus and distitarsus, dark brown with 

dense long black robust setae erected 

downwards of forelegs, dense long reddish 

brown robust setae erected downwards of 

midlegs and hind legs, mediotarsus three 

segments equal in shape and size, dark brown 

with little reddish-brown robust setae at the 

apical, distitarsus longer than mediotarsus, 

narrower at the base, wider at the apical, dark 

brown with little short reddish-brown robust 

setae erected downwards at the apical (Fig. 38). 

 

Figure (38). Midleg of (♀) Xylocopa amedaei. 

Pair of elongated tarsal claws, branched at 

apical, the lateral longer than the internal one, 

the base dark brown, apical black, arolium with 

short yellow setae (Fig. 39) 

 
Figure (39). Tarsal claws of (♀) Xylocopa amedaei. 

Abdomen:  width across abdomen 5 mm, six 

segments, black, dense black setae, tergum II 

wider than the rest of the other terga, tergum 

VI semi-rounded shape, narrower than the rest 

of the other terga, sternum black with dense 
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long light brown setae erected downwards (Fig. 

40a), sternum I narrower at the apical, dense 

long black setae at the edges (Fig. 40b). 

 

 
Figure (40). a- Tergum, b- Sternum of (♀) Xylocopa 

amedaei. 

Xylocopa (Copoxyla) iris 

(Christ,1791) ♀ 

Examined material: ♀2 Albaida 29.6.2018,  

1 Albaida 3.7.2018, 13  Albaida 20.7.2018. 

18 mm body length (Fig. 41). 

 
Figure (41). Adult of (♀) Xylocopa iris. 

Head: rounded and slightly narrower than the 

body, black, densely punctate, vertex simple 

curved to the inside with little long black setae 

erected to outside (Fig. 42). 

 

Figure (42). The head of Xylocopa iris. 

Compound eyes: dark brown with short 

scattered light brown setae, dense long black 

setae between compound eyes, paraocular 

carina clear, genal area is wide.  

Ocelli: triangle shape, dark brown, the median 

ocellus bigger in size than the lateral ocelli, the 

lateral ocelli less than the height level of 

compound eyes, the median ocellus aligned 

with frontal line (Fig. 43). 

 

Figure (43). Ocelli of (♀) Xylocopa iris. 

Clypeus: black, the end of apical thick, dark 

brown, black projection at the middle of the 

base, densely punctate, dense long black setae.   

Mandibles: rectangular, tridentate at apex, 

black with black lope at the connecting area 

with the malar area, acetabular groove clear, 

outer groove clear, condylar groove clear, 

densely punctate (Fig. 44). 

 

Figure (44). Mandible of (♀) Xylocopa iris. 

Labrum: semi-rounded shape with triangular 

extension at the middle, black. 

Mouthparts: long, galea dark brown to black, 

glossa light brown with dense light brown 

setae. 
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Antennae: twelve segments, antennal socket 

dark brown, scape long, rectangular, dark 

brown, pedicel short, rounded, dark brown, 

flagellum ten segments, black, the first 

flagellomere narrower at the base, wider at the 

apical, longer than the rest of the other 

flagellomeres, the other nine flagellomeres 

equal in shape and size, the terminal 

flagellomere of antennae in a sharp form (Fig. 

45). 

 

Figure (45). Antenna of (♀) Xylocopa iris. 

Thorax: width across thorax 5 mm, prothorax 

larger than mesothorax and metathorax, black, 

mesoscutal line clear, dense long black setae, 

densely punctate, tegula clear, large, black.  

Wings: forewings length 14 mm, dark brown, 

the veins light brown, vein Sc+R black, 

marginal cell long and narrow, the apical of 

marginal cell not jointed with costa vein, three 

submarginal cells, 2smc narrow, triangular, 

3smc wider than 1smc and  2smc, vein 1rs-m 

with the same line vein 1m-cu, vein 2rs-m 

curved outward, vein 2m-cu meets median vein 

opposite third submarginal cell, basal vein 

slightly curved, the lower end meeting the 

longitudinal vein at an acute angle (Fig. 46a), 

jugal lobe of hindwing short, less than half the 

length of the vannal lobe, and not nearly 

reaching vein closing the cubital cell (Fig.46b).  

 

Figure (46). a- Forewing, b- Hindwing of (♀) Xylocopa 

iris. 

Legs: coxa triangular, black with little black 

setae, trochanter rectangular, narrower at the 

base, wider at the apical, black with little long 

black setae, femur wider at the base, narrower 

at the apical, black with dense long black setae 

erected downwards, tibia long, rectangular, 

black with dense long black setae erected 

downwards, tibial spur ciliated at inner edge, 

sharp at the outer edge, dark brown, forelegs 

with one tibial spur, short, midlegs with one 

tibial spur, long (Fig. 47a), hind legs with two 

tibial spur, long (Fig. 47b), tibial spine one on 

each leg, tarsus five segments on each leg, 

basitarsus longer than mediotarsus and 

distitarsus, black with dense long black robust 

setae, mediotarsus three segments equal in 

shape and size, dark brown with little long 

black setae at the apical, distitarsus longer than 

mediotarsus, narrower at the base, wider at the 

apical, dark brown with little black robust setae 

and dense short yellow setae at the apical. 

 
Figure (47). a-Tibial spur of midleg, b- Tibial spur of 

hind leg of (♀) Xylocopa iris. 

Pair of elongated tarsal claws, branched at 

apical, the lateral longer than the internal one, 

the base dark brown, apical black, arolium with 

short yellow setae (Fig. 48). 
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Figure (48). Tarsal claws of (♀) Xylocopa iris. 

 

Abdomen: width across abdomen 7 mm, six 

segments, black, densely punctate, dense long 

black setae erected downwards, tergum II 

wider than the rest of the other terga, tergum 

VI triangle shape, narrower than the rest of the 

other terga, dense short black setae at the edges 

(Fig. 49a), sternum black with dark brown 

color bands at apical edges (Fig. 49b), pygidial 

plate two connected segments, black, dense 

long black setae erected downwards (Fig. 49c). 

 
Figure (49). a-Tergum, b-Sternum, c- Pygidial plate of 

(♀) Xylocopa iris. 

Xylocopa (Copoxyla) iris 

(Christ, 1791)  ♂ 

Examined material: ♂3 Albaida, 3.7.2018. 

17 mm body length (Fig. 50). 

 

Figure (50). Adult of (♂) Xylocopa iris. 

Head: semi-rounded, slightly narrower than the 

body, black, densely punctate, dense long dark 

brown setae, vertex simple curved to the inside 

with dense long light brown setae erected to the 

outside (Fig. 51). 

 

Figure (51). The head of (♂) Xylocopa iris. 

Compound eyes: bright black, dense long black 

setae between compound eyes, paraocular 

carina clear, genal area wide.  

Ocelli: triangle shape, dark brown, the lateral 

ocelli less than the height level of compound 

eyes, the median ocellus aligned with frontal 

line (Fig. 52). 

 
Figure (52). Ocelli of (♂) Xylocopa iris. 

Clypeus: black, the end of apical thick, dark 

brown, little long dark brown setae, black 

projection at the middle of the base, densely 

punctate, dense long black setae on the surface.   

Mandibles: rectangular, tridentate at apex, 

black with black lope at the connecting area 

with the malar area, acetabular groove clear, 

outer groove clear, condylar groove clear, 

densely punctate (Fig. 53). 
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Figure (53). Mandible of (♂) Xylocopa iris. 

Labrum: semi-circular shape with triangular 

extension at the middle, black. 

Mouthparts: long, galea dark brown, glossa 

light brown with dense light brown setae (Fig. 

54). 

 
Figure (54). Mouthparts of (♂) Xylocopa iris. 

Antennae: thirteen segments, antennal socket 

dark brown, scape long, rectangular, black, 

pedicel short, rounded, black, the apical edges 

of scape and pedicel dark brown, flagellum 

eleven segments, black, the first flagellomere 

longer than the rest of the other flagellomeres, 

narrower at the base, wider at the apical, black 

and the apical edge dark brown, the other ten 

flagellomeres equal in shape and size, black, 

the terminal segment of antennae in sharp form 

(Fig. 55). 

 

Figure (55). Antennae of (♂) Xylocopa iris. 

Thorax: width across thorax 5 mm, prothorax 

larger than mesothorax and metathorax, black, 

dense long black setae, apical edge of 

prothorax with dense long light brown setae, 

densely punctate, tegula clear, large, black 

(Fig. 56). 

 

Figure (56). Thorax of (♂) Xylocopa iris. 

Wings: forewings length 14 mm, dark brown, 

the veins darker brown, vein Sc+R black, 

marginal cell long and wide, the apical of 

marginal cell not jointed with costa vein, three 

submarginal cells, 2smc smaller than 1smc and 

3smc, 3smc larger than 1smc and 2smc, vein 

1rs-m with the same line vein 1m-cu, vein 2rs-

m curved outward, vein 2m-cu meets median 

vein opposite third submarginal cell, basal vein 

slightly curved, the lower end meeting the 

longitudinal vein at an acute angle (Fig. 57a), 

jugal lobe of hindwing very short, much less 

than half the length of the vannal lobe and not 

reaching anywhere near as far as vein closing 

cubital cell (Fig. 57b). 

 

Figure (57). a- Forewings, b- Hindwings of (♂) 

Xylocopa iris. 

Legs: coxa cylindrical has an extension, black 

with dense long black setae, trochanter 
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narrower at the base, wider at the apical, black 

with dense long black setae, femur wider at the 

base, narrower at the apical, black with dense 

long black setae erected downwards, tibial 

rectangular, long, black with dense long black 

setae erected downwards, tibial spur one on 

each leg, ciliated, forelegs light brown, thicker 

than tibial spur of midlegs and hind legs, tibial 

spur of midlegs and hind legs dark brown, thick 

and longer than tibial spur of forelegs, tarsus 

five segments on each leg, basitarsus longer 

than mediotarsus and distitarsus, black with 

dense long black setae erected downwards, 

mediotarsus three segments equal in shape and 

size, dark brown with dense long black setae 

erected downwards, distitarsus longer than 

mediotarsus, narrower at the base, wider at the 

apical, dark brown with little dark brown setae 

(Fig. 58) 

 

Figure (58). Hindleg of (♂) Xylocopa iris. 

Pair of elongated tarsal claws, branched at 

apical, the lateral longer than the internal one, 

the base dark brown, apical black, arolium with 

short yellow setae (Fig. 59). 

 

 

Figure (59). Tarsal claws of Xylocopa iris. 

Abdomen: width across abdomen 6 mm, seven 

segments, black with dark brown color bands at 

apical edges, tergum I with dense long light 

brown setae, terga from II to VII with dense 

long black setae, tergum II wider than the rest 

of the other terga, tergum VII semi-rounded 

shape, narrower than the rest of the other terga, 

densely punctate (Fig. 60a), sternum black with 

dense long black setae erected downwards (Fig. 

60b). 

 

Figure (60). a- Tergum, b- Sternum of (♂) Xylocopa iris 
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 في Xylocopa  (Xylocopidae: Hymenoptera) جنس نحلالنواع ل  صف المورفولوجيالو و  عريفتال
 شمال شرق ليبيا

 

  *عمي عبد القادر بطاو، مروة يونس المبروك

 ليبيا-، البيضاءقسم عمم الحيوان، كمية العموم؛ جامعة عمر المختار

 3024ديسمبر  40/ تاريخ القبول:  3024أغسطس 36اريخ الاستلام: ت
Doi:https://doi.org/10.54172/mjsc.v34i4.165  

في شمال Xylocopa  جنس لانواع النحل ةالتصنيفيالصفات المورفولوجية ووصف  تعريف الدراسةهذه دف ستهت: المستخمص 
المورفولوجي وقياسات الشكل شرق ليبيا. تم جمع العينات من مواقع طبيعية مختمفة في منطقة الجبل الأخضر، وتم التعرف عمى 

رض الأمامية، والصدر، وع طول الأجنحة قياس، وتم إلى قمة البيغيدوم(الاستشعار  نقر ( )من قاعدة بالسنتمترطول الجسم )
 Xylocopa (Koptorosoma) شممتوالتي  مورفولوجياتم تحديدها ووصفها  Xylocopaنحل أربعة أنواع من . البطن

pubescens Spinola, 1838, Xylocopa (Proxylocopa) olivieri Lepeletir 1841, Xylocopa 

(Rhysoxylocopa), amedaei Lepeletir, 1841, Xylocopa iris (Christ, 1791).  استنتاجنا أن منطقة الدراسة ويدل
 المعمومات التصنيفية المهمة.بوكذلك عمى أهمية الدراسة المورفولوجية لتزويدنا  Xylocop بها تنوع حيوي من أنواع 

 .ليبيا ؛تعريف؛ الشكل الظاهري؛ Xylocopidae؛  Xylocopa: الكممات المفتاحية

https://doi.org/10.54172/mjsc.v34i4.165
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Abstract: Carotid Stenosis is an important cause of stroke (20%) which is associated with high 

morbidity and mortality rates. The management is mainly by surgery or carotid stenting. This study 

reviews 3 years of experience and the outcomes in the treatment of carotid stenosis by the two 

methods. The study aimed to evaluate and compare the outcomes of both procedures during a 3yr 

period at a vascular Surgery department of the Cisanello Hospital. 302 pts were retrospectively ana-

lyzed; 151 pts assigned for each procedure. The average intervention time was significantly higher 

for the CEA group O.R: 0.556; 95% C.I; 0.349- 0.886, P: 0.014 but technical successes were 

achieved in 100% of CEA pts, whereas were achieved in 91.39% of the CAS group. The periproce-

dural stroke was nonsignificant between the two procedures. The Periprocedural TIA were show 

significant difference with more incidences in CAS pts [O.R: 7.292, 95% C.I; 1.150- 45.856, P: 

0.032] but almost all pts improved. The cranial nerve injuries were a specific complication of CEA 

[11.9%]. The recurrent stenosis was seen only in CAS pts [2.9%] with O.R: 0.493, 95% C.I; 0.104- 

2.345, P: 0.410. Both procedures are effective and comparable in outcomes in the management of 

carotid Stenosis. 

 

Keywords: Stroke; carotid stenosis; Carotid endarterectomy (CEA); carotid artery stenting (CAS)  

INTRODUCTION 

Carotid artery stenosis due to atherosclerosis is 

a common cause of strokes, which is responsi-

ble for around 20% of strokes in the adult pop-

ulation (Linfante et al., 2009). Surgical inter-

vention to relieve atherosclerotic stenosis of the 

carotid arteries was first successfully per-

formed by Dr. Michael DeBakey in 1953 at the 

Methodist Hospital in Houston, TX [Debakey 

Bio].The first case to be recorded in the medi-

cal literature was in The Lancet in 1954 

(Eastcott et al., 1954). The role of carotid 

endarterectomy (CEA) for the treatment of ath-

erosclerotic carotid bifurcation disease is now 

well established (Hobson et al., 1993). (CEA) 

is one of the most common vascular surgical 

procedures, and more (CEA)s  are now being 

performed than at any time in the history of the 

operation (Ouriel et al., 2004; Tu et al., 1998). 

In the last few years, carotid artery stenting 

(CAS) has emerged as a possible alternative to 

(CEA) for the management of carotid artery 

stenosis (Narins & Illig, 2006; Ricotta & 

Malgor, 2008). The supporters of CAS under-

line the less invasive nature of the procedure, 

which enables its application in high-risk pa-

tients, the shorter in-hospital stay, and the re-

duction in wound complications and cranial 

nerve injury (Narins & Illig, 2006; Ricotta & 

Malgor, 2008). The results of three major Eu-

ropean studies into the treatment of sympto-

matic stenosis-  Endarterectomy versus Angio-

https://doi.org/10.54172/mjsc.v34i4.134
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v34i4.134&amp;domain=pdf&amp;date_stamp=2008-08-14
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plasty in Patients with Symptomatic Severe Ca-

rotid Stenosis (EVA-3S); Stent-Protected An-

gioplasty versus Carotid Endarterectomy 

(SPACE); International Carotid Stenting Study 

(ICSS) - showed that stenting was more haz-

ardous than endarterectomy for the outcomes 

of stroke and death during the periprocedural 

period (30 days), and on longer-term follow-up 

(Eckstein et al., 2008; Ederle et al., 2010; Mas 

et al., 2008). In contrast, the North American 

Carotid Revascularization Endarterectomy vs 

Stenting Trial (CREST) demonstrated equiva-

lent (non-significant) rates of stroke, myocardi-

al infarction, and death in its stenting and 

endarterectomy groups in the periprocedural 

period, and at 4 years (Brott et al., 2010). The 

aim of this study is to evaluate and compare the 

outcomes of CEA with CAS in Cisanello Hos-

pital in the period 2005 to 2008.     

MATERIALS AND METHODS 

Records and a database were reviewed at the 

U.O of Vascular Surgery of the Cisanello Hos-

pitals [Pisa/ Italy] during a 3 year period from 

June 2005 to December 2008. A total of 986 

patients underwent carotid Stenosis manage-

ment, invasively by an open surgical technique 

called carotid endarterectomy (CEA) which in-

cluded most of the cases [835 (84.68%)] pts, 

and by a less invasive method called carotid 

stenting (CAS) which included 151 pts 

(15.31%). In the view to compare the outcomes 

of both procedures; we prefer to select a repre-

sentative random sample from a surgical group, 

equal to the CAS group which was done with 

the help of the vascular surgery team in the unit 

for easy comparison and calculation. 302 cases 

treated with the two techniques, [151] for each, 

were collected and retrospectively analyzed. 

Information obtained included the demograph-

ic, clinical presentations of patients undergoing 

the two procedures, and the characteristics for 

the two types of intervention; in terms of dura-

tion, hospital stay, and successful technical and 

postoperative outcomes for the two procedures 

(Table 1).  

Statistical analysis: The percentages of cases 

in each group were calculated and the effec-

tiveness of the intervention was expressed as 

odds ratios and all data are presented with 95% 

confidence intervals with P values, accepting a 

significance level equal to α = 0.05. 

RESULTS 

Of 986 patients who were managed for carotid 

Stenosis by both CEA and CAS performed be-

tween June 2005 and December 2008, the med-

ical records of 302 patients were assessed, in 

whom 151 underwent surgery and 151 an 

endovascular procedure. This selection was 

random for CEA pts and all cases who under-

went CAS were included in the review. The 

68.9% of the 302 patients examined were male 

(208 patients), and 31.1% were female (94 pa-

tients), forming a male to female ratio nearly 

2:1 (Table 1). The distribution of sex along 

each procedure (CAS and CEA groups) are 

homogeneous for age and sex. The average age 

of all cases is 72.2 (± 7.4) yrs. Apart from 

smoking which shows Significant differences 

between the two types of management [(CEA: 

86 (57.0%) vs. CAS: 51 (33.8%), O.R: 0.385, 

95%C.I: 0.242- 0.614; p <0.05)]. All previous 

data with other risk factors and associated car-

diac and peripheral arterial diseases[PAD] 

were comparable, and no significant differ-

ences in both groups selected for study (Table 

1) 245 (81.12%) of them were asymptomatic, 

and the remainder 57 (18.87%) of cases were 

symptomatic. The symptomatic group of pts 

form (29.2%) and (8.7%) for CEA and CAS re-

spectively with O.R: 0.229; 95% C.I: 0.119- 

0.443, p <0.05) which reveal significant differ-

ence between the two management options. 

Among the 14 symptomatic patients in the 

CEA group, (9.2%) had a previous stroke, 28 

(18.5%) had had a TIA, amaurosis 2 (1.4%). 

Among the 13 symptomatic (8.7%) pts in the 

CAS group two pts gave a history of previous 

stroke (1.4%), and 11 pts (7.3%) had had TIA. 

The main cerebral symptom is TIA, The aver-

age incidence of TIA in this collection 39 
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(12.9%); most of these cases were in surgical 

the group (18.5%) and 1.3% for CAS pts with 

an odds ratio 0.059 and 95%C.I: 0.015 to 

0.229; with a highly significant difference be-

tween the two treatments in the study. The his-

tory of previous stroke forming about (5.3%) of 

all cases in the study which were seen much 

more in CEA pts than CAS pts [14 (9.2%)] and 

[2 (1.3%)] respectively O.R: 0.131; 95% C.I 

0.033- 0.529, p.value: 0.002 significantly high 

in the group that underwent surgical treatment. 

The main indications for CAS procedure were 

as follows: restenosis in 16 cases (10.6%), (ir-

radiated, previous surgery, high Stenosis) in 7 

(4.6%) cases, and high surgical risk in 128 

(84%).  

The operative and postoperative outcomes are 

summarized in (Table 2). The average duration 

of the intervention is 70 min (± 21) and 49 (± 

15) for CEA and CAS respectively with O.R: 

0.556; 95% C.I; 0.349- 0.886, P: 0.014 signifi-

cantly high for the group that underwent surgi-

cal treatment. But the technical success was 

100% for CEA, and 91.4% for CAS with P= 

0.001, which is also significantly high with the 

surgical treatment. Whereas in 13 (8.6%) cases; 

the procedure failed because of anatomical 

problems causing impossible cannulation of the 

common carotid artery (String type III in 6 cas-

es, excessive angulations of the aortic arch in 7 

cases). The average postoperative hospital stay 

was significantly greater in the CAS group as 

compared to CEA [2.3 days (range 2-5) [2.3 (± 

0.6)] for CEA and 1.7 days (range 1-24) [1.7 (± 

2.6), p <0.05).] for CAS. Postoperatively, the 

periprocedural central neurological complica-

tions occurred more with CAS pts [10 (6.7%)]. 

The incidences of periprocedural stroke were 

0[0%] and 3 (1.9%) for CEA and CAS respec-

tively, with nonsignificant P: 0.082. The stroke 

occurred before placing the stent in one case 

and at the end of the procedure in 2 cases. The 

periprocedural TIAs were 1(0.7%) for CEA 

and 7 (4.6%) for CAS with significant differ-

ence [O.R: 7.292, 95% C.I; 1.150- 45.856, P: 

0.032].  

The TIAs occurred within 3hrs of the proce-

dure in 4 cases and within 12hrs in 3 cases. 18 

cases (11.9%) of the cranial nerve injuries were 

recorded only in the CEA group: 9 patients re-

ported dysphonia (50.0%), dysphagia 6 

(33.3%), 3 had difficulty moving the shoulder 

ipsilateral to the intervention (16.7%). Of this 

group, 16 patient’s symptoms were transient 

with spontaneous regression; in 2 cases, reha-

bilitation therapy was necessary, with complete 

recovery in 12 months. 40 patients (28.8%) re-

ported sensory disturbances on the surgical 

wound which resolved spontaneously.  The 

procedural MI was only seen in CEA group, 

forming an incidence of 0.7% in this study 

sample. The incidence of hematomas of the 

surgical neck wound or at the groins [as a part 

of CAS technique] was more in the surgical 

group pts (2.6%) and (1.4%) respectively, with 

O.R: 0.493; 95% C.I; 0.104- 2.345, P: 0.410, 

was not significantly different between the two 

treatments groups. The 4 cases have required 

re-exploration for the hematoma on neck inci-

sions, and one of the two femoral access com-

plications required surgery (0.7%).  

Recurrent stenosis was seen only in the CAS 

group in this collection; from about 2.9% with 

O.R: 0.493, 95% C.I; 0.104- 2.345, P: 0.410. 

The four cases of restenosis were high-grade 

and required new endovascular treatment. 

There was no perioperative mortality related to 

the procedure in both groups. But on long-term 

follow-up [the mean follow-up after discharge 

was 22 months (range 1-43 months)] there 

were deaths in both groups 12 (8.6%) 

[From139 who attended or contacted by tele-

phone] and 10 (7.1%) of 141 for CEA and CAS 

respectively with O.R: 0.822, 95% C.I; 0.351- 

1.923, P: 0.658 with no significant difference 

between the treatment groups and the deaths 

were unrelated to the procedures. 
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Table:(1). Demographic and clinical characteristics of patients subjected to a CAS and CEA in Cisanello Hospital, Pi-

sa, 2005-2008. 

 

characteristics  
total 

N=302 

(100 %) 

CEA 

N=151 

(100%) 

CAS 

N=151 

(100%) 

Odds 

ratio 
C.I P value 

sex 
male 208  (68.9%) 108 (71.5%) 100 (66.2%) 4.9248 

3.021-

8.026 
0.000 

female 94 (31.1%) 43 (28.5%) 51 (33.8%) 1.281 
0.787- 

2.084 
0.321 

Average age in years 

 
72.2 (± 7.4) 72.9 (± 7.9 ) 72.1 (± 6.8 ) --- --- 0.346 

Risk factors 

Dyslipidemia 144 (47.7%) 75 (49.7%) 69 (45.7%) 0.853 
0.543- 

1.339 
0.490 

hypertension 233 (77.1%) 116 (76.8%) 117 (77.5%) 1.038 
0.609- 

1.771 
0.891 

Diabetes m 82 (27.1%) 42 (27.8%) 40 (26.5%) 0.935 
0.564- 

1.550 
0.796 

Cigarette smoking 137 (45.4%) 86 (57.0% ) 51 (33.8%) 0.385 
0.242- 

0.614 
0.000* 

Renal insufficien-

cy 
17 (5.6%) 10 (6.6%) 7 (4.6%) 0.685 

0.262- 

1.793 
0.455 

Associated pa-

thology 

PAD 42 (13.9%) 22 (14.6%) 20 (13.3) 0.895 
0.470- 

1.707 
0.740 

Previous cardio-

vascular surgery 
65 (21.5%) 29 (19.2%) 36 (23.8%) 1.317 

0.761- 

2.278 
0.328 

Cerebro 

Vascular 

symptoms 

Asymptomatic 245 (81.1%) 107 (70.8%) 138 (91.3%) 4.365 
2.255- 

8.438 
0.000* 

symptomatic 57 (18.9%) 44 (29.2%) 13 (8.7%) 0.229 
0.119- 

0.443 
0.000 

stroke 16 (5.3%) 14 (9.2%) 2 (1.3%) 0.131 
0.033- 

0.529 
0.002 

TIA 39 (12.9%) 28 (18.5%) 2 (1.3%) 0.059 
0.015- 

0.229 
0.000 

Amaurosis 2 (0.6%) 2 (1.3%) 0 (0.0%) 0.000 
0.000- 

1.917 
0.157 

C.I: confidence interval; PAD: Peripheral arterial disease; TIA: transient ischemic attack; O.R: odds ratio; C.I: confidence interval. 

Table (2). Overall operative and post-operative results  
 

characteristics 
CEA CAS 

O.R 95% C.I p- value 
[151 pts] [151 pts] 

the average duration of the intervention 

[min] 
70 (± 21) 49 (± 15) 0.556 0.349- 0.886 

0.014 

(p <0.05) 

technical success 151 [100%] 138(91.4%) 0.000 0.000- 0.273 
0.001 

(p <0.05) 

neurological 

complications 

Periprocedural stroke
 

0[0%] 3 (1.9%)   0.082 

Periprocedural TIA 1(0.7%) 7 (4.6%) 7.292 
1.150- 

45.856 
0.032 

cranial nerve palsy 18 cases (11.9%)  0 [0%] 0.000 0.000- 0.190 0.000 

procedural MI
 

1 (0.7%)  0[0%]   0.317 

Haematomas 4 (2.6%) 2 (1.4%) 0.493 0.104- 2.345 0.410 

recurrent stenosis
 

0[0%] 4 (2.9%) 0.493 0.104- 2.345 0.410 

mortality 

Perioperative death 0[0%] 0[0%]   1.000 

Long-term non peri-

operative death 

12  

(8.6%)/139 

10 

(7.1%)/141 
0.822 

0.351- 

1.923 
p = 0.658 
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DISCUSSION 

Carotid stenosis is one of the most common 

causes of stroke all over the world. And The 

treatment of carotid stenosis, therefore, lies in 

decreasing the risk of stroke or stroke-related 

deaths (van der Vaart et al., 2008). The CEA 

has been shown to reduce the overall risk for 

stroke and death compared with medical treat-

ment in patients with relevant carotid artery 

stenosis, both with symptoms (Cina et al., 

2000), and without symptoms (Chambers et al., 

2000).  CEA also carries a risk of stroke, some-

times disabling or fatal, and of myocardial in-

farction since many patients with carotid artery 

stenosis also have coronary artery disease 

(Endovascular versus surgical treatment 

(CAVATAS), 2001). Carotid stenting is a re-

cent innovation started a decade ago where it is 

now competing for the surgical treatment of ca-

rotid Stenosis. Although it's less invasive than 

operative management, it may carry a higher 

risk of complications. In general; the asymp-

tomatic cases have a lower procedural and 

periprocedural stroke or death rate with better 

results in both the short and long term. The se-

lection criteria for selecting asymptomatic ca-

rotid artery Stenosis pts for surgery or stenting 

in this analysis was the stenosis equal to or 

greater than 70%  and for symptomatic carotid 

artery stenosis, equal to or greater than 60%. In 

the largest trial of asymptomatic subjects 

[asymptomatic carotid surgery trial (ACST)], 

the perioperative risk of stroke or death was 

3.1%, and after 5years, stroke risk was 3.8 vs. 

11% for best medical therapy, i.e. 16 CE's were 

needed to prevent one stroke in 5 years 

(Halliday et al., 2004). 
 

In our study; most of the cases where asymp-

tomatic forming 81.1% of all cases, whereas 

the symptomatic cases forming 18.87%. A re-

cent meta-analysis of randomised controlled 

trials reported an increased risk of stroke or 

death within 30 days of carotid artery stenting 

compared with carotid endarterectomy (Ederle 

et al., 2009). This was similar to our result 

where the periprocedural central neurological 

complications such as stroke and TIA were 

more significant within the CAS group than the 

CEA group. In addition, a newer large observa-

tional study (A. Sidawy et al., 2009) and a mul-

ticenter randomized controlled trial (Commit-

tee, 2009) found a higher periprocedural (< 30 

days) incidence of stroke with carotid artery 

stenting compared with carotid endarterecto-

my. Based on these trials (Barnett et al., 1998); 

an acceptable upper limit of perioperative rate 

for stroke or death has been determined to be 

around 3% for asymptomatic patients and 6% 

for patients with symptoms. And as compared 

to our analysis, the average incidence of 

periprocedural stroke 1.9% happened only in 

CAS pts, not in CEA pts. And the incidence of 

perioperative death was 0% for both groups. 

And in several clinical trials, the 30-day inci-

dence of heart attack, stroke, or death was sig-

nificantly higher with stenting than with 

endarterectomy (9.6% vs. 3.9%) (A. N. Sidawy 

et al., 2009). The procedural incidence of MI in 

our study was 0.7% only in CEA pts. The re-

ported incidence of postoperative cranial nerve 

palsies after carotid endarterectomy varies 

from 1 to 30% (Organ et al., 2008).  

The usual injuries occur in the vagus nerve and 

its branches, for example, the superior larynge-

al, and recurrent laryngeal nerves, also, the hy-

poglossal nerve, spinal accessory nerve, mar-

ginal mandibular and transverse cutaneous 

nerve of the neck. The injuries varied from 

neuropraxia, axontemesis, and neurotemesis. 

Most of these injuries due to traction type inju-

ries.  Even though most of the cranial nerve 

neuropathies are transient, about 4% persist 

over several months and about 0.5% are per-

manent (Cunningham et al., 2004). In compari-

son to our research; the incidence of cranial 

nerve injuries was 11.9% of all cases from 

CEA group pts. All pts improved over a period 

of time. The incidence of recurrent restenosis 

following CEA was found to be 6-14%, which 

equates to an average annual restenosis or oc-

clusion rate of 1.5-4.5% (Horrocks, 2000). And 
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compared to our results; the incidence of the 

restenosis was (2.9%) and was only with CAS 

pts. The comorbidities are the major risk fac-

tors with carotid endarterectomy. Carotid artery 

stenting outcomes are mainly influenced by the 

anatomy of local vessels and both factors have 

to be considered in treatment decision making 

(Bates et al., 2007). From this review; we noted 

that the CAS procedure is a less invasive pro-

cedure compared to CEA procedures with 

shorter duration of intervention and less post-

operative hospital stay with no cranial nerve 

injuries which are recorded only in surgical 

group pts apart from TIA which occurred more 

with this procedure where pts mostly recover 

spontaneously over a period of time.   

CONCLUSION 

From this review, we conclude that both proce-

dures are effective and comparable in outcomes 

in the management of carotid Stenosis. The 

CAS results are favorable especially if it used 

in selected cases as shown in Carotid Stenting 

Guidelines Committee: recommended indica-

tions and contraindications for carotid artery 

stenting (CAS) (Carotid Stenting Guidelines 

Committee, 2009). 
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 بمعيدل تمييرا عييال   دائميا مصييحوبة %( والتيي تكييون25لمجمطيات المخييية   رئيييسالشيرايين السييباتية ىييو سيبب  ضييي المستتخم:  
وضع دعامات لمشريان السباتي. و  شعة التداخميةبالأ وأجراء الجراحة لمضي  الشرياني إبواسطة  ىو مرتفعة. العلاج الرئيس ووفيات

ومقارنية لي  معيايرة إدف الدراسية سنوات من علاج الضي  السباتي بواسطة الطريقتين. تيي 3في ىذه الدراسة تم مراجعة خبرة ونتائج 
دراسييية  أجرييييت. إيطالييييا-تشييييزانموالدمويييية فيييي مستشيييف   الأوعييييةسييينوات فيييي قسيييم جراحييية  3خيييلال العلاجيتيييين الطيييريقتين  نتيييائج

كيل تييدخل علاجييي.   اعميييةحصيائية لتوضييي  فإ وأجريييت مقارنيياتلكييل طريقيية عيلاج(.  ا  مريضي 252مييريا   352استقصيائية لعييدد 
 -O.R: 0.556; 95% C.I; 0.349  راحييعمي  بوضيوح فيي مجموعية التيدخل الجأحييث كيان المعيدل الزمنيي لمتيدخل العلاجيي 

0.886, P: 0.014) شييعة التداخميييةالعييلاج بالأ% ميين حييالات 22.3حقيي  فييي جميييع الحييالات والييذي حقيي  فييي  ولكيين النجيياح 
 أىمييةكثير أميا الجمطيات العيابرة المةقتية كانيت أ. لمطيريقتين . الجمطات المخية التي حدثت حول العممية كانت غير ميمةوالدعامات

ن معظيم الحيالات إ إلا (O.R: 7.292, 95% C.I; 1.150- 45.856, P: 0.032  واليدعاماتشيعاعي فيي حيالات التيدخل اإ
كيان ف%(. أما رجوع الضي  السيباتي 22.2الجمجمية كانت من المضاعفات المحددة لمتدخل الجراحي   الأعصابصابة إتحسنت. 

كيلا (. .O.R: 0.493, 95% C.I; 0.104- 2.345, P: 0.410ميع   (%2.2  واليدعاماتشيعاعي فقيط فيي مجموعية التيدخل اإ
 الضي  السباتي الشرياني. علاج نتائج  في ومتواز  فعال  ينالطريقت

 
لمشيريان  تركييب دعامية ،(CEAالتيدخل الجراحية لمشيريان السيباتي   السيباتي،ضيي  الشيريان  الدماغية،الجمطة  :المفتاحيةالكممات 
 .(CASالسباتي  

https://doi.org/10.54172/mjsc.v34i4.134
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التربة في محطة  خواصلبعض نتاج خراطط ل  IDWة موزونطريقة مقموب المسافة ال استخدام
 الابحاث الزراعية جامعة طرابمس

يهاب محمد الصقر أبوعبدالله سعد الشريف* ماجدة بشير البشتي  وا 

 ليبيا-طرابمس ،جامعة طرابمس ،كمية الزراعةقسم التربة والمياه،  

 0491 ديسمبر 04/ تاريخ القبول:  0491مايو  40تاريخ الاستلام: 
Doi:https://doi.org/10.54172/mjsc.v34i4.207  

 

ربددة محطددا  ثبحددا  كميددة ا  المكانيددة لددبعخ الخددواز الييزياليددة والكيمياليددة لعينددا  تالاختلا ددتحديددد لدراسددة ال ىددد   المستتتخمص:
نتالج لإنتاج خرالط مكانية لمعر ة التوزيد  المكداني لكدل مدن الخدواز الاستخدم  و ، 0490الزراعة/ جامعة طرابمس  ي شير ثبريل 

(، ودرجدة حموةدة التربدة EC(، مموحدة التربدة )GWCالدوزني ) ةمحتوى الرطوبدBulk density (BD ،) الآتية: الكثا ة الظاىرية
(pHباسدتخ ) ندةو وز مطريقدة مقمدوا المسدا ة الدام Inverse Distance Weighting IDW)) ثجريد  ىد ه الدراسدة عمدض ثرخ .

دد  إحدداثياتيا حد وحددة 03ثختير  و  وحدة مساحية 944م لتنتج X 11م 12   إلض شبكة بأبعاد قُسم تقريبا  0م 09004مساحتيا 
سم  04-94سم،  94-4الأعماق من  GWCو BD لكل منتحاليل . ثجري  منياعينا  ال جمي لتالمحمول  GPSبواسطة جياز 

و ا  جدددودة  خدددرالط مكانيدددة  ا  ثسدددط  مسدددتمرةنتجددد  ث. سدددم 04بعمدددق  ثجريددد  لمعيندددا pHو ECتحاليدددل  بينمددداسدددم،  04-04و
النتدالج  مدن .Root Mean Square Error (RMSE)الخطدأ الجد ر التربيعدي لمتوسدط قديم  حسدا خدرىاختميد  مدن خاةدية لأ

الثلاثددة عمددض  للأعمدداق BD( لخاةددية .474، 4790، 4743و ) GWC( لخاةددية RMSE( )47.9 ،47.0 ،47.3) قدديم حدد تراو 
المنخيةددة لخددرالط  RMSEثظيددر  قدديم  التددوالي. عمددض ECو pHلخاةدديتي RMSE (4790 ،47.0 ). بينمددا كاندد  قدديم التددوالي

BD  خريطدة عندد العمدق الأول والثالد  وكد لكpH مؤشدر جدودة ثعمدض لمخد( رالط. بينمدا بيند  قديمRMSEالمرتيعدة نوعدا ) ن أبد مدا
متياوتدة نتداج خدرالط مكانيدة إمكانيدة إخمةد  ىد ه الدراسدة إلدض  .كاند  ثقدل جدودة GWCو ECلكل من خاةديتي  المنتجة الخرالط

 دي  pHو BDوبالتدالي يمكدن اسدتخدام ىد ه الخدرالط لمتنبدؤ بخاةديتي  .IDWالجودة لبعخ خواز التربدة داخدل الحقدل باسدتخدام 
نتداج خدرالط  ا  جدودة ر البح   ي إمكانيدة إ، ولي ا ينة  باستمراGWCو ECالحقل، بينما يةعا استخداميا لمتنبؤ بخاةيتي 

  عالية بطرق ثخرى لياتين الخاةيتين م  مراعاة زيادة عدد العينا .

 حموةة التربة. التربة، درجةمموحة  بي الحجمي،رية، المحتوى الرطو المسا ة الوزنية، الكثا ة الظاى مقموا: لكممات المفتاحيةا

 لمقدمةا
تعددددد التربددددة ثحددددد ثىددددم مةددددادر الثددددروا  الطبيعيددددة  ددددي العددددالم، 
وتتبدداين التددرا  ددي خةالةدديا الييزياليددة والكيمياليددة مثددل القددوام 
والكثا ددة الظاىريددة والحقيقيددة والمسددامية بالإةددا ة لدرجددة تياعددل 

حيد   ؛داخدل الحقدل الواحددخدر آ ضمن مكان إل التربة ومموحتيا
ى ه الخواز  ي جمي  ثنحدا  الحقدل مدن  ضالتعرف عم يةعا

التكداليف والوقد ، مدن  و لك لارتياعخلال تحميل عينا  التربة 

ىندددا كدددان مدددن الةدددروري اسدددتعمال طدددرق تحديدددد ىددد ه الخدددواز 
 ،وآخدددددرون لجبدددددوريا)بأقدددددل تكددددداليف و دددددي  تدددددرة زمنيدددددة قةددددديرة 

0490). 

قدد  عمددوم التربددة الةددو  عمددض اسددتخدام  ددي السددنوا  الأخيددرة ثل
الإحةددا  المكدداني الدد ي يعطينددا الدقددة المكانيددة لةدديا  التربددة 

 الاخدتلافسوا   ي الحقل ثو المختبر ويستعمل لوةف نما ج 
 ;Krasilinkov; Carre) المكدددددداني لةدددددديا  التربددددددة

https://doi.org/10.54172/mjsc.v34i4.207
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v34i4.207&amp;domain=pdf&amp;date_stamp=2008-08-14
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Montanarella, 2008) .ز ان دراسة التباين المكاني لخدو إ
العينددا   لأخدد ميددم  التربددة ودليددليا   ددي  يددم ةدد ةالتربددة ميمدد

الموجددود  الاخددتلافكدد لك معر ددة  المختميددة،الخاةددة بالتحاليددل 
 ددي التربددة يمكددن الاسددتيادة منددو  ددي تطددوير النمددو ج المسددتخدم 

 Hudnall and ةديا  التربدة ووةدييا بةدورة دقيقدة لدراسدة

Bekele, 2006). (  
المكدداني  فالاخددتلاثو  ن اليدددف الأساسددي مددن دراسددة الت ددايرإ

لخةددالز التربددة المختميددة ىددو الحةددول عمددض تيسددير منطقددي 
مختميدة عندد لي ه الت ايرا ، وكد لك التنبدؤ بقديم خدواز التربدة ال

 De la) منيدداتجميدد  عينددا  حقميددة  المواقدد  التددي لددم يتسددن  

Rosa, 1979; Burrough, 1989; White وآخدرون. , 

1989; Talkkari ة نظددم قددد و ددر  تقنيددو ) .0440.وآخددرون
المعمومدا  الج را يدة طرالدق عددة  دي دراسدة الت دايرا  المكانيدة 
الموجددودة  ددي التربددة، التددي ثثبتدد  بأنيددا مييدددة  ددي  يددم وتيسددير 

حيد  اسدتخدم  مدن  ،التنبؤ المكاني لخةالز التربة المختمية
قبل العديد من الباحثين  ي مجدال عمدم التربدة لدراسدة الت دايرا  

       الز التربددددددة الكيمياليددددددة والييزياليددددددةالمكانيددددددة والزمانيددددددة لخةدددددد
(Burrough, 1993; Fahad.1993 ,وآخرون; Usowicz, 

2004, Corwin and Lesch, 2005; Santra وآخدرون., 

2008, Camachu 2009 ,.وآخدرون; Hosseini وآخدرون 

2009) 

المختميدة مدن  (Geostatistic) تعتبر طرق الإحةا  المكاني 
تحميدل، تمثيدل وعدرخ البياندا  المكانيدة الطرق المستخدمة  دي 
تسددددتخدم ىدددد ه و إحددددداثيا  ج را يددددة(.  عمددددض)معمومددددا  تحتددددوي 

دراسا  البيلية بةية عامدة و دي ال   ي نطاق واس ضالطرق عم
نددو يةددعا إالتربددة و الميدداه بةددية خاةددة، حيدد  بيلددة دراسددا  

التباين  ضوةف وعرخ الخواز المختمية بدقة عالية نتيجة إل
 ,Webster) الخدواز داخدل مسداحة الحقدل الواحددالكبيدر  دي 

2001 &  .(Oliverالددد ي حدددد   دددي   ن التطدددور الكبيدددرإ
  دي العقدود الأخيدرة (GIS) برمجيا  نظم المعموما  الج را ية

 المكددددداني التنبدددددؤسددددتخدم طدددددرق نتشدددددار الواسددددد  لاسدددداىم  دددددي الا
(Burrough, 1986; McDonnell & Burrough, 

1998; Chang, 2002)،  تطددور برمجيددا   ضلإةددا ة إلددبا

التحميددددددددل الإحةددددددددالي لمبيانددددددددا  المكانيددددددددة و تطددددددددور تقنيددددددددا  
 ,Remote Sensing( Mulla) الاستشددعار عددن بعددد)

 رثسدديا نظددام ضظمددة تحديددد المواقدد  العالميددة و عمدد(، وثن1997

(GPS) Hand Held Global Positioning System 
نتشددددار كمةدددددر لمبيانددددا  الحقميددددة سدددداىم مسدددداىمة كبيددددرة  ددددي ا

 لددك لمددا  المكدداني  ددي الدراسددا  البيليددة و التنبددؤاسددتخدام طددرق 
دقددددة  ددددي عمميددددا  تحميددددل وعددددرخ و  ،سددددرعةو  يددددو ره مددددن جيددددد
 .((Burrough, 1986 البيانا  المكانية

 المكدداني المتددو رة مثددل طريقددة التنبددؤىندداك العديددد مددن طددرق 

الكدددددددريكنج  وطريقدددددددة(IDW)ندددددددة و وز مالمقمدددددددوا المسدددددددا ة 
(Kriging) المكداني عممية التوليدد ن ثساسيما يالمت(Spatial  

Interpolation) الأساسدية  دي طدرق  والتي تعتبر ىي العممية
ثن  كمددا ،(Geostatistical Methods) يالإحةددا  المكددان

 مكانيددددةىددد ه الطدددرق تسددددتعمل ا تراةدددية ثن ىندددداك علاقدددا  

(Spatial Correlation)   لأي خاةددددية  يسددددةالمقلمعينددددا
 وتعددرف عمميدة (.and Uyan, 2010 Cay)داخدل الحقدل 

(Interpolation) يانددا  ب إنشددا  ثو إنتدداجثنيددا عمميددا   ضعمدد
مستخدماً بيانا  ج را يدة مقاسدو  يسة ي مواق  ج را ية غير مق

 رةدددية ض الدراسدددة ج را يدددا مددد  التأكيدددد عمدددداخدددل نيدددس منطقدددة 
تم داخدل الحقدل، حيد  تد يسدةجود علاقدة مكانيدة لمخاةدية المقو 

حةدددالية، ميددة بواسددطة معددادلا  وحسددابا  رياةددية و ىدد ه العم ا 
 بعدد  لددك يدتم تمثيددل وعدرخ ىدد ه البياندا   ددي سدطوح مسددتمرة

(Continues Surfaces)  عمدي ىيلدة خدرالط رقميدة، وبمدا اندو
يجدددددا ثن تكدددددون مةدددددحوبة بقياسدددددا  ثو حسدددددابا  لتقيددددديم دقدددددة 

،  تستعمل المقداييس مثدل: ( (Interpolation نشا الإعمميا  
، متوسددط الخطدددأ  Mean Error (ME) الخطددأمتوسددط 
ر التربيعدي  والجد Mean Square Error (MSE،)التربيعدي 

 Root Mean Square Errorلمتوسدددط مربددد  الخطدددأ 
((RMSE(  ومعامددل التحديددد ،R

القدديم و  يسددة( بددين القدديم المق2
 ,Mardia and Jupp)مستنبطة كمؤشر لدقدة ىد ه العمميدا ال

2000; Chile`s and Delfiner, 1999) . 
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نيدددا ىدددي بأ ((IDWة ندددو وز ممقمدددوا المسددا ة ال ةطريقدددتعددرف و  
طريقددددة توليددددف موةددددعي، تعتمددددد عمددددض توليددددف المسددددا ا  بددددين 
النقدداط حيدد  تددربط بددين كددل ثقددرا نقطتددين مددن نقددط الددتحكم، ثددم 
تقدددر قيمددة الددنقط بددين كددل نقطتددين عمددض طريقددة مقمددوا المسددا ة 

ين الحدد الأدندض والحدد بينيما، التي تكون موزونة بقيمة المدى ب
بددين ىدد ا المدددى الأعمددض لقيمتددي المسددا ة وتكددون الددنقط المؤليددة 

 ) ..049)شرف، 

 ددددي التنبددددؤ  ةدقتيددددا وجودتيددددا العاليدددد ىدددد ه الطريقددددة يددددر ظوقدددد ث
منيددددددددا عينددددددددا ، حيدددددددد   تؤخدددددددد المكدددددددداني لممواقدددددددد  التددددددددي لددددددددم 

ثكثدر دقدة  IDWثن England  and  Weber(9110)ثشدار
لمتنبدددددؤ مقارندددددة بدددددالطرق الأخدددددرى  وتعطدددددي نتدددددالج تنبدددددؤ ث ةدددددل

 ثن (1994) وآخررنو  Wollenhaupt وجدددكمددا  .المكدداني

ثكثر دقة نسبياً لإنتداج خدرالط تربدة  يانتالجكان   IDWة طريق
(. ولاحدددددددظ Kوالبوتاسددددددديوم ) (P)مكانيدددددددة لمسدددددددتويا  اليسددددددديور 

Gotway  النتدالج  دي إنتداج خدرالط  ث ةدل (1996) ،وآخنو
ا  النتدرا   دي تددرا العةدوية ومسدتويمكانيدة لمحتويدا  المدادة 

. وقدد اسدتخدم  معظددم IDWسدتخدام طريقدة اعددة حقدول عندد 
 ( كمقيددددددددددداس لممقارندددددددددددة وجدددددددددددودة الخدددددددددددرالطMSE)الدراسددددددددددا  

(England and Weber, 1992; Gotway 

 Mabit and Bernard (2010)  ودرس( (1996وآخدرون

ا المكددداني لممددادة العةدددوية لتربددة حقدددل زراعددي  دددي كندددد التوزيدد 
نتدالج جيددة. كمدا  ةثعط  الطريق حي  IDW ةباستخدام طريق

بطددددددرق  IDW ة( ثدا  طريقدددددد0490وآخددددددرون ) ةددددددادققددددددارن 
لرسدددم خدددرالط بعدددخ ةددديا  التربدددة الييزياليدددة لتربدددة مدددن  خدددرىث

الحمدة بدالعراق. وثظيدر  النتدالج ثن طريقدة   دي مديندةحقل بدور 
IDW ي تقدير ورسم خرالط كل من التوةديل  ةل كان  الأ 

 الييدروليكي التشبعي والمحتوى الرطوبي الحجمدي لمتربدة، بينمدا
 دي رسدم خريطدة الكثا دة الظاىريدة ثقدل دقدة IDWطريقدة كاند  
ن ث( إلدددض 0490وثشدددار  جبيدددر ). (MSE)حسدددا قددديم  لمتربدددة
ثعط  نتالج جيدة لحسداا التنبدؤ المكداني داخدل  IDW ةطريق

موحددة التربددة، قطدداع التربددة لكددل مددن القددوام، الكثا ددة الظاىريددة، م
المدددددادة العةدددددوية، والسدددددعة التبادليدددددة الكاتيونيدددددة لدددددبعخ تدددددرا 

. (RMSE)محا ظددة ةدددلاح الددددين بدددالعراق و لدددك حسدددا قددديم 

لرسدم  IDWطريقدة بتقيديم   (2016) ،.وآخدرون Tunçay وقام
خرالط التوزي  المكاني لبعخ خةدالز التربدة لعيندا  جُمعد  

يددددق تقنيددددة مددددن حددددوخ نيددددر سدددديحان السدددديمي  ددددي تركيددددا، وبتطب
IDW  عمددض نتددالج تحاليددل كددل من:كربونددا  الكالسدديوم، المددادة

ن ثالكاتيونية، ومحتوى الطين، ووجدد العةوية، السعة التبادلية 
 IDWبيددددا والمتحةددددل عمييددددا باسددددتخدام  بَّدددد الخةددددالز المتن

ن قدددديم المددددادة العةددددوية ثيددددق مدددد  نتددددالج تحاليددددل التربددددة؛ إلا تت
الخةدالز المدروسدة ثظير  خطأ متوسط عالي عمض خدلاف 

تقييم ثدا  تقدديرا  (  .049وآخنو  Nikpey)الأخرى. وثجرى
خةدددالز نوعيدددة التربدددة  لإنتددداج خدددرالط لدددبعخ IDWطريقدددة 
ا  المكانيددددة ليدددد ه الخةددددالز  ددددي مقاطعددددة الاختلا ددددوالتنبددددؤ ب

جولستان الواقعة  ي الجز  الشمالي من إيران، حي  قام بقياس 
نددددا  الكالسدددديوم والكربددددون نسددددبة الطددددين والطمددددي والرمددددل وكربو 

 Ecالعةدددوي والجيدددر وتركيدددزا  الم ددد يا  الةددد رى والكبدددرى و
 ة تؤثر عمض جودة التربة.كمت يرا  رليس pHو

 ةدددل الخدددرالط ث ثنتجددد  IDWمدددن النتدددالج تبدددين ثن طريقدددة و  
ا  المكانيددددة لكدددل من:)نسددددبة الرمدددل، الكربددددون الاختلا دددتنبدددؤ بلم

لمكانيدة والزمانيدة  دي ا  االاختلا دن إ (.والجيدر pHالعةدوي، 
( ثةدبح  تسدتخدم بكثدرة  دي GWCالمحتوى الرطوبي لمتربة )

النمددددددا ج الييدرولوجيددددددة والمناخيددددددة. كدددددد لك اسددددددتخدام النمددددددا ج 
 ضإلد ىالما  والأملاح  ي تربة الحقدل ثدالرياةية لتقدير حركة 

ا   ددي خةددالز التربددة مثددل الاختلا دد يددم  ضزيددادة الحاجددة إلدد
( وغيرىدددا BDوالكثا دددة الظاىريدددة) (GWCالمحتدددوى الرطدددوبي )

مدددن الخةدددالز التدددي تدددؤثر عمدددض اختلا دددا  مخرجدددا  نمدددا ج 
التنبدددؤ. وبمدددا ثن الخةدددالز الييدروليكيدددة لمتربدددة تت ددداير رثسدددياً 

بالطبوغرا يدددة  ينواليطدددول المتدددأثر  الندددت -لمبخدددروجانبيددداً نتيجدددة 
 جيددة لمتنبدؤوقوام التربة وال طا  النباتي، لي ا  إن إيجاد طريقة 

ثخد العينا   سنَّ الخةالز  ي المواق  التي لم يتوتخريط ى ه 
تعددد و منيددا سددوف يسدداعد  ددي تأسدديس نظددام ري وةددرف ندداج . 

 ةديالأر   والملاةدقة البدارزة السدما  مدن( ECمموحدة التربدة )

  اإ قمويدة وث ممحيدة وتكون التربدة ، ةالجا  وشبو الجا ة المناطق

لمد وبان  دي المدا ،  مدةالقاب الأمدلاح تركيدز نسدبة  ييدا ارتيعد 
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  دي ا الاختلا د عمدض التربدة  دي المختميدة الأمدلاح توزيد  ويعتمدد

 وعمميدة النيدالي ال سديل عمميدة وشددة جيدة مدن  وبانيدا درجدة

 الأمددلاح  ددإن معر دة تركيدز ، وليد اآخددرى جيددة مدن التبخدر

 مدن و لدك تباينيدا وت ايرىدا منطقدة ومددى تربدة ثي  دي الموجدودة

سدوف تسدتخدم  لتحاليدل المعمميدة لمتربدة التديا نتالج معر ة خلال
نتاج خرالط مموحة التربة لممناطق التدي لدم يتحةدل وا   ي التنبؤ 

ثن مددن بددين ) 9111د )مددين المحبدديَّ و منيددا عمددض عينددا  تربددة. 
الةدديا  الكيمياليددة الأكثددر ت ددايراً ىددي المموحددة ثددم نسددبة المددادة 

ا  الكالسددديوم كاتيونيددة ثددم كربونددالسددعة التبادليدددة ال العةددوية ثددم
 وآخددرون Talkkari ةد ثو و pH. خيدراً درجددة تياعدل التربددة ثو 

مرتبطدة بمحتدوى الطدين،  pHن محددا  ومتطمبا  ث (2002)
نخيددداخ محتدددوى الطدددين تدددنخيخ مسددداحة السدددط  اندددو بثن وبددديَّ 

ونيددة والكربددون النددوعي وتددنخيخ كددل مددن السددعة التبادليددة الكاتي
تكددددددون تربددددددة وبالتددددددالي  pHنخيدددددداخ العةددددددوي ممددددددا يددددددؤدي لا

 حامةية. 

ن الت ايرا   ي خدواز ث (2004) وآخرون Usowicz ثوة 
مدددن التدددرا تحددد  السدددطحية ومدددن ىددد ه  ثكثدددرالتربدددة السدددطحية 

الكاتيونيدددة والكربدددون العةدددوي.  والسدددعة التبادليدددة pHالخدددواز 
ثمددا عمددض المسددتوى المحمددي  مددازال اسددتخدام التنبددؤ المكدداني  ددي 

خواز التربة المختمية محددوداً، ا  المكانية  ي الاختلا دراسة 
 دي إنتداج خددرالط  IDW ة( طريقدد0490حيد  اسدتخدم امحمدد )

الزراعيددة  دددي منطقددة سدددواوة وتقيدديم المموحدددة لددبعخ المحاةددديل 
ثعطددد  نتددالج يمكدددن الوثدددوق  ىدد ه الطريقدددةن ثسدددتنتج ثبسددر ، و 

بيدا  ددي تتبد  الت دداير المكداني لددبعخ خدواز التربددة الكيمياليددة. 
( بدراسدددة الت دددايرا  المكانيدددة لدددبعخ .049) كددد لك قدددام العدددالم

خددواز التربددة الكيمياليددة لمنطقددة سدديل الجيددارة لمعر ددة التوزيدد  
( والسددددعة ESPالمكدددداني لكددددل مددددن نسددددبة الةددددوديوم المتبددددادل )

( ونسدددددددددبة كربوندددددددددا  الكالسددددددددديوم CECالتبادليدددددددددة الكاتيونيدددددددددة )
(CaCO3 باسددددتخدام طريقتددددي )IDW  وKriging، واسددددتنتج 

يمكدددددن  IDWالمتحةدددددل عمييدددددا باسدددددتخدام طريقدددددة ثن النتدددددالج 
عتمدداداً عمددض قدديم الجدد ر التربيعددي لمتوسددط الخطددأ االوثددوق بيددا 

(RMSE( ومعامل التحديد )R
الخةدالز المدروسدة.  ( لكل2

المكددداني  دددي المجدددالا  البيليدددة التنبدددؤ ن تطبيدددق إوبندددا  عميدددو  ددد
ا  دددددي والمددددوارد الطبيعيدددددة مددددازال محددددددوداً، كددددد لك تتبدددداين التدددددر 

ثخددر داخدل الحقددل الواحددد  ضلةديا وخواةدديا مدن مكددان إلدخةا
ىددد ه الخدددواز  دددي جميددد  ثنحدددا   ضالتعدددرف عمددد حيددد  يةدددعا

التكدداليف  و لددك لارتيدداعالحقددل مددن خددلال تحميددل عينددا  التربددة 
والوق ، من ىنا كان من الةروري اسدتعمال طدرق تحديدد ىد ه 
الخددددواز بأقددددل تكدددداليف و ددددي  تددددرة زمنيددددة قةدددديرة. وليدددد ا كددددان 

المكدداني بطريقددة مقمددوا  التنبددؤتطبيددق مددن ىدد ه الدراسددة اليدددف 
(  دددي تخدددريط بعدددخ خدددواز التربدددة IDWالمسدددا ة الموزوندددة )

،  EC وةديل الكيربداليتال، درجة  pHدرجة حموةة التربة )
 GWCالددددوزني  ةو محتددددوي الرطوبدددد ،BDالكثا ددددة الظاىريددددة  

مسددتوي الحقددل )حقددل داخددل  ضلأعمدداق مختميددة   ددي التربددة( عمدد
يم يدبحدا  كميدة الزراعدة بجامعدة طدرابمس/ ليبيدا(، مد  تقثمحطدة 

  .دقة وجودة الاستنباط بالخرالط المنتجة

 المواد وطرق البحث

 منطقة الدراسة:
ثجريدد  ىدد ه الدراسددة بمحطددة ثبحددا  كميددة الزراعددة  ددي جامعددة 

شدددمالًا وخدددط  º00 04طدددرابمس والتدددي يمدددر بيدددا دالدددرة عدددرخ  
الددد ي يتميدددز  0490 لال شدددير ثبريدددلخددد شدددرقاً  13º '13طدددول 

عتدددددال  ددددي درجددددا  الحددددرارة وندددددرة الأمطددددار. بدددددث  الدراسددددة اب
تقريبددددددا  0م 09004بتحديددددددد قطعددددددة ثرخ مسددددددطحة مسدددددداحتيا 

منتشددرة بيددا بعددخ النباتددا  والأعشدداا البريددة ومحاطددة بأشددجار 
(. 9موةد  بالشدكل )ىدو مةدا  الرياح من كل الجيا  كمدا 

وحددة  944م لتندتج X  11م 12   تم تقسيميا إلض شدبكة بأبعداد
وحددددددة حُددددددد  إحدددددداثياتيا  03ختيدددددر  منيدددددا امسددددداحية حيددددد  

سدددددددددتخدم  الطريقدددددددددة المنتظمدددددددددة ا، و GPSباسدددددددددتخدام جيددددددددداز 
Regular  عيندا   لتحديد نقاط تجمي  عينا  التربة. تم تجمي

ميتوحدددة الطدددر ين  سدددطوانة الكثا دددةثسدددتخدام اتربدددة غيدددر مثدددارة ب
سدم( بواقد   04-04 ،04-94، 94-4القياسدية مدن الأعمداق )

مكددرار  لكددل عمددق و لددك لتحديددد كثا ددة التربددة الظاىريددة  ةثلاثدد
(BD وعينددددددا  ثخددددددرى مثددددددارة مددددددن نيددددددس الأعمدددددداق لتحديددددددد ،)

، بينما ثُخدد  عيندا  مثدارة (GWCالمحتوى الرطوبي الوزني )
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ودرجدددة حموةدددتيا ( ECمموحدددة التربدددة ) سدددم لتقددددير 04بعمدددق 
(pH). 

 

 
 سةيوة  موق  الدرا (:1شكل )

 ArcMapنتاج الباحثة باستخدام المةدر: إ

 التحاليل المعممية:
تدددم تقددددير الكثا دددة الظاىريدددة بطريقدددة  الكثافتتتة الظاةريتتتة:قيتتتاس 
مثدارة المجمعدة الغير نة، حي  تم تجييف عينا  التربة الاسطوا

لمددة  ºم 940اليدرن عندد درجدة حدرارة  المحددة  يمن الأعماق 
ىدددد ه   لجا ددددة لمعينددددا  وقسددددمديددددد الأوزان اسدددداعة، وتددددم تح .0

سدددددددطوانة الكثا دددددددة القياسدددددددية المسدددددددتخدمة ثالأوزان عمدددددددض حجدددددددم 
(Carter & Ball, 1993).  

تم تقدير المحتوى الرطدوبي بالطريقدة  قياس المحتوى الرطوبي:
(، 94-4الأعمددددداق )الوزنيددددة عدددددن طريددددق تجميددددد  عينددددا  مدددددن 

( سددددم وتحديددددد ثوزانيددددا الرطبددددة. ثددددم تددددم 04-04( و )94-04)
سدداعة،  .0لمدددة  ºم 940اليددرن عنددد درجددة حددرارة  ييددا  دديتجيي

لتقدير المحتوى الرطوبي الوزني لمتربة  وتم تحديد ثوزانيا الجا ة
( Arshad 1996وآخرون ) 

 تدم تجييدز قياس درجتة حموةتة التربتة وتوصتيمها الكهربتاطي:
سددتعمال تربددة خمدديط مددن الأعمدداق اب   1:2.5مسددتخمز تربددة 

لكددل وحدددة مسددداحية، وتددم اسددتعمال ىددد ا  الثلاثددة المحددددة سدددابقاً 
و  pHي بواسددطة جيدداز لمتربددة  ECو   pHقيدداسالمسددتخمز ل

EC (وآخرون 1993ميتر Hendershort.) 

( Spatial Interpolationخطتتتتوات التوليتتتتد المكتتتتاني )
تدم اسدتخدام ثحدد  (:IDWبطريقة مقموب المسافة الموزونتة )

و    Arcmap 10.5بدرامج نظدم المعمومدا  الج را يدة برندامج
المحمدل برندامج ممحقاتو من البرامج المختمية و من بينيا ممحدق 

و لددك لاسددتخداميا  Geostatistical Analyst)الإحةددالي )
ي الوةددديي والمكددداني لمبياندددا   دددي عمميدددا  التحميدددل الإحةدددال

   (Interpolated Maps)نتدداج خددرالط الاسددتنباط إ مَّ ث ددومددن 
التوليدددددددد يم عمميدددددددا  يدددددددالمختميدددددددة بالإةدددددددا ة إلدددددددض عمميدددددددا  تق

Interpolation ىكددل مددن الكثا ددة الظاىريددة، المحتددو  )لخددرالط 
الرطدددوبي الدددوزني، درجدددة التياعدددل، ودرجدددة التوةددديل الكيربدددي( 
(Rosenbaum and Söderström.1996) 

(ESRI,2012). 
مسدتخدما  المقيسدةويتم  دي ىد ه الطريقدة تقددير قديم لمنقداط غيدر 

(، 0) موةد  بالشدكلىو ة ليا كما لمنقاط المجاور  المقيسةالقيم 
غيدددر مقاسدددو تسددداىم  دددي التنبدددؤ بالنقطدددة بحيددد  وزن كدددل نقطدددة 

 يسدددةمقمدددوا المسدددا ة بدددين النقطدددة المقوىدددو عبدددارة عدددن  يسدددةمقال
كممددا  المقيسددةوالنقطددة المطمددوا تنبؤىددا، حيدد  يقددل وزن النقدداط 

كان  بعيدة عن النقطة ال ير مقاسو والمطموا توليدىا. وتتدأثر 
 المسدا ة )كممدا قةدر  المسدا ة مدن: طدول بيا بكللمتنبأ القيم ا
 ضعمددد قيمدددة المتنبدددأ بيدددا(، قيمدددة الأس  ال ضتدددأثير ثكبدددر عمدددالكدددان 

المسددددددا ة، وعدددددددد العينددددددا  المسددددددتخدمة  ددددددي اسددددددتنباط القيمددددددة 
المعادلدددددة التاليدددددة   Peterson (2017)حسدددددا  المسدددددتنبطة. و

 : IDWتستخدم  ي حساا القيم المستنبطة  ي طريقة 
   (1 ) 
 


i

i

i

ii wzwz )(x

 منطقة الدراسة
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   (2         ) 
 -حيث:

  النقطة المراد استنباطيا ثو التنبؤ بيا           : 
 النقطة التي تم قياسيا )معمومة(  :
ثو  المراد استنباطياالنقطة المقيسة و المسا ة بين النقطة  : 

 التنبؤ بيا 
 الوزن :    

 
يوة  طريقة حساا قيم غير معمومة مستخدماً قيم معمومة ( 2) شكل

 . IDW المسا ة طريقة مقموا –داخل منطقة الدراسة 
   Vineeth et al., (n.d)  المةدر:

وبعدددد إنتدددداج الخددددرالط لكددددل الخةددددالز المدروسددددة مددددن النتددددالج 
الجدددد ر  المسددددتنبطة، يددددتم تقييميددددا إحةددددالياً مددددن خددددلال حسدددداا

 س  الد ي يتدأثر بقيمدة ثُ   RMSEبد  الخطدأالتربيعدي لمتوسدط مر 
، وكمما كان  0المسا ة لتحديد الوزن المشار إلييا  ي المعادلة 

ةددد يرة واقتربددد  مدددن الةدددير دلددد  عمدددض درجدددة  RMSEقددديم 
عاليدة مددن الثقددة  ددي عمميددة الاسددتنباط، والدقددة  ددي خددرالط التنبددؤ 

Rالمكدددددداني المنتجددددددة. كدددددد لك تشددددددير قدددددديم معامددددددل التحديددددددد )
2 )

-Cross( المتحةددل عمييددا مددن عمميددة )Rالارتبدداط )ومعامددل 

Validation لمددددى دقدددة وثقدددة عمميدددا  الاسدددتنباط والخدددرالط )
المستنبطة المتحةل عمييا، حي  تم  دي ىد ه العمميدة اسدتخدام 
تقنيددة تحميددل الانحدددار لتقدددير دقددة القدديم )المقدددرة ثو المسددتنبطة 

Y المتحةل عمييا مدن )IDW ( المقيسدةوالقديم Xلمخ ) اةدية
 المدروسة.

 والمناقشة النتاطج

حةددالية الموةددحة تددالج قياسددا  التربددة والتحاليددل الإثظيددر  ن
 دي الكثا دة الظاىريدة لمتربدة  اً بسيط اً ن ىناك تباينأ( ب9بالجدول )

(، 0جم/سدم .970-.979رثسياً وث قياً، حي  ترواحد  رثسدياً بدين )
عمددق (  ددي ال0جم/سددم 9703-9790(، )0جم/سددم 9713 -.979)

الأول والثدددداني والثالدددد  عمددددض التددددوالي، ولكددددن التبدددداين كددددان ثكثددددر 
 الاخددتلافوةددوحاً  ددي العمددق الثدداني، كدد لك تشددير قيمددة معامددل 

(1= %CV) ي  اً ثو ت اير  اً  ي العمق الثاني إلض ان ىناك تباين 
BD  ي ى ا العمدق ثكثدر وةدوحاً مدن الت داير  دي العمدق الأول 

مدا عمض التدوالي( وىد ا رب CV =0 ،%3%والثال  حي  كان  )
مقارندة  اً ثو تبايند اً  دي العمدق الأول ثقدل ت داير BD ن ثيعدزى إلدض 

بالعمق الثاني ال ي يتعدرخ لعمميدا  الدرز والةد ط ممدا يدؤثر 
 وآخدرون2005 )وتتيدق ىد ه النتدالج مد  ماوجدده  ،BDعمدض قديم 
Corwin ) عنددددد دراسددددتيم لتددددراSanjoaquin  ددددي كالييورنيددددا 

ية مقارندددة  ددداق السدددطح دددي الآ اً ثقدددل ت ددداير  BDثن  احيددد  وجددددو 
تؤكددددددده نوعيددددددة الخددددددرالط سددددددطحية، وىدددددد ا مددددددا التحدددددد   دددددداق بالآ

، 0a ،0bالموةددددددحة بالأشددددددكال ) IDWسددددددتخدام االمسددددددتنبطة ب
0c،)  حيدددد  تشددددير قدددديمRMSE  المنخيةددددة  ددددي العمددددق الأول

والثالدد  إلددض ثن الخددرالط المنتجددة ليددا  ا  نوعيددة جيدددة وث ةددل 
لخدرالط المسدتنبطة لمعمدق الثداني. كد لك يتبدين نوعاً مدا مدن تمدك ا

Rمدددن خدددلال معامدددل التحديدددد 
بدددين القددديم  Rرتبددداط ومعامدددل الا 2

ليددد ه  اً جيدددد اً طرديددد اً والقددديم المسدددتنبطة ثن ىنددداك ارتباطددد المقيسدددة
 دددي العمدددق الأول، وبالتدددالي ةدددلاحية خدددرالط  ةالخاةدددية خاةددد

 IDWالمتحةددل عمييدا باسددتخدام  BDالتنبدؤ المكدداني لخاةدية 
 دددددددي منطقدددددددة الدراسدددددددة. وتتيدددددددق ىددددددد ه النتدددددددالج مددددددد  مدددددددا وجدددددددده 

Bogunović نددو لاتوجددد أ، حيدد  اسددتنتج ب (2016) وآخددرون
 CVمددددد  العمدددددق، كددددد لك ثشدددددار لقددددديم  BD دددددروق معنويدددددة  دددددي 

% كمؤشددر لت دداير ثو تبدداين ثقددل  ددي 94المنخيةددة والأقددل مددن 
( إلدض ان الخدرالط 0490دراستو. بينما توةدل ةدادق وآخدرون )

نتيجددة  IDWثقددل دقددة باسددتخدام طريقددة   BDلخاةددية  المنتجددة
Rنخيددددداخ قددددديم ا( و CV < 100لارتيددددداع قيمدددددة ) 

2   (47430 
=R

2 .) 

21 ii dw 
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 لبيانا  الخرالط المكانية المنتجة لخواز التربة المدروسة الإحةاليالتحميل  (1جدول: )

 

 
 الخريطة المستنبطة لمكثا ة الظاىرية لمعمق الأول (:a3شكل )

 

 
 الخريطة المستنبطة لمكثا ة الظاىرية لمعمق الثاني (:b3شكل )

 
 الخريطة المستنبطة لمكثا ة الظاىرية لمعمق الثال  (:c3شكل )

 
 كمددا GWCى الرطدوبي الدوزني ثمدا بالنسدبة لمت داير  ددي المحتدو 

يبدو واةدحاً مدن النتدالج ( 0a ،0b ،0c)موة  بالأشكال  ىو
ختلا دا  مكانيدة حسدا قديم ا( بأن ىنداك 9المبينة  ي الجدول )

RMSE وCV  ا  ثكثدددر وةددددوحاً  دددي العمددددق الاختلا ددددولكدددن
 مدددد  العمددددق GWC، حيدددد  يُلاحددددظ تزايددددد  ددددي الثدددداني والثالدددد 

نتيجددة لمبخددر  GWCيخ  يددو الدد ي تددنخ مقارنددة بددالعمق الأول
 اليقددد  ددي الرطوبددة الدد ي يحددد   ددي الطبقددة السددطحية لمتربددة ثو

ل شددير ثبريددل الدد ي لددم تسددقط ن العينددا  جمعدد  خددلاخاةددة وا  
 Bogunovićوتتيددددق ىدددد ه النتددددالج مدددد  نتددددالج ، مطددددار يددددو الأ
مدد   GWC الدد ي وجددد  ددروق معنويددة  ددي (2016) وآخددرون

-4 دي العمدق  GWCالعمق ك لك وجد انخيداخ معندوي  دي 
ختلا دا  مكانيدة ا 2012) وآخدرون  Moradi (، كمدا وجدد 94

Min Max RMSE R الأعماق )سم( الخواز
2 

R CV % 

BD (0)جم/سم 
4- 94   979. 970. 4743 4704 4700 0 
94- 04  979. 9713 4790 4700 470. 1 
04- 04 9790 9703 474. 4709 4703 3 

GWC )%( 4- 94   9740 071. 47.9 4709 4703 29 
94- 04  9791 0700 47.0 4704 4700 30 
04- 04 9704 0734 47.3 4704 4700 39 

EC 00 .4.8 4730 47.0 4730 4793 04 -4 (()مميموز/سم 
pH  4- 04 .70 .79 4790 4700 4733 0 
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، عنددد الأعمدداق المختميددة قبددل الددري وبعددده GWCواةددحة  ددي 
ثقدددل  GWCوبشدددكل عدددام تعتبدددر الخدددرالط المسدددتنبطة لخاةدددية 

 RMSEحسددا قدديم  BDجددودة مددن تمددك المسددتنبطة لخاةددية 
 وآخددرون Bogunovićولكددن كاندد  ث ةددل مددن نتددالج  CVو

 RMSE (1.7741- 2.1206)حيدددددددد  وجددددددددد قدددددددديم  (2016)
( عمددددددددض التددددددددوالي عنددددددددد دراسددددددددة 04-94،  94-4للأعمدددددددداق )

معامدل رتياع قيم ا، ك لك GWCا  المكانية لخاةية الاختلا 
Rالتحديدددددد 

والقددددديم  المقيسدددددةبدددددين القددددديم  Rرتبددددداط ومعامدددددل الا 2
 اً جيددد اً ثن ىندداك ارتباطدد المسددتنبطة  ددي العمددق الأول تشددير إلددض

 اةددددية  ددددي ىدددد ا العمددددق عمددددض خددددلاف العمددددق الثددددانيليدددد ه الخ
ن الت ددددداير ثو إتشدددددير إلدددددض  CVقددددديم  نث مدددددن والثالددددد  بدددددالرغم

ا  متوسدددددطة حسدددددا مدددددا ثشدددددار لدددددو ةدددددادق وآخدددددرون الاختلا دددد
 (.CV= 15%-50%(  عندما )0490)

 
 الخريطة المستنبطة لممحتوى الرطوبي الوزني لمعمق الاول (:a4شكل )

 

 
 نبطة لممحتوى الرطوبي الوزني لمعمق الثانيالخريطة المست (:b4شكل )

 
 وى الرطوبي الوزني لمعمق الثال الخريطة المستنبطة لممحت (:c4شكل )

 
( الخريطة المستنبطة لمموحة التربة والتي يعبر 0يوة  شكل )

، وتةدف ىد ه الخريطدة الت داير ECعنيا بالتوةديل الكيربدالي 
 الخرالط الأقدلةمن المكاني العالي نسبياً وبالتالي تةنف من 
 دددي  CVو RMSEجددودة  ددي ىدد ه الدراسدددة، حيدد  تشددير قدديم 

مكانيدددة واةدددحة و لدددك ربمدددا  ( ثن ىنددداك اختلا دددا 9الجددددول )
ةدددية مت دددايرة بيعدددل عمميدددا  الإ ابدددة وال سددديل  ECن نتيجدددة لأ

ةدددددددددا ة والترسددددددددديا والتبخدددددددددر كمدددددددددا ثشدددددددددار ليدددددددددا سدددددددددميمان والإ
يميددددد المح همدددا وجددددوتتيدددق ىددد ه النتددددالج مددد    (.0490وجبيدددر)

 عمدض ت دايراً لكيمياليدة الأن من بين الةديا  ا( إ  وجد ث9111)
لتدرا رسدوبية عراقيدة،  ECىي المموحة عند دراستو لت اير قيم 

 وآخددرون Lascanoشددار  النتددالج المتحةددل عمييددا كدد لك ث

دراسددتو لتددرا  ددي ثمريكددا ثن ت دداير المموحددة كددان  عنددد (2001)
مدض خدلاف  لدك تعتبدر درجدة عالياً مقارنة بالخواز الأخدرى. ع

ثقل الخواز ت دايراً حسدا النتدالج الموةدحة  pHتياعل التربة 
المنخيةدة مقارندة بتمدك  CV(، حي  توةد  قيمدة 9بالجدول )

ا  المكانيددة ةددليمة، كدد لك تشددير الاختلا ددلخدواز الأخددرى ثن ا
ن الخدددرالط المسدددتنبطة ليددد ه إلدددض ث RMSEالقيمدددة المنخيةدددة 

ةددا ة ، بالإ(  ا  جددودة عاليددة3) الخاةددية الموةددحة بالشددكل
Rمعامددل التحديددد قدديم  لارتيدداع

بددين القدديم  Rرتبدداط ومعامددل الا 2
 اً طرديددد اً ن ىنددداك ارتباطدددالمقيسدددة والقددديم المسدددتنبطة تشدددير إلدددض ث

 اً كثيددر  فتنحددر  لااً ليدد ه الخاةددية، ثي إن القدديم المسددتنبطة جيددد
ي ، وبالتدددالي ةدددلاحية خدددرالط التنبدددؤ المكدددانالمقيسدددةعدددن القددديم 
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 ددددي منطقددددة  IDWالمتحةددددل عمييددددا باسددددتخدام  pHلخاةددددية 
ن ( إ  ثشدار  إلدض ث0490نتدالج جبيدر) الدراسة. وى ا يتيدق مد 

pH  قميددددل الت دددداير  ددددي التددددرا العراقيددددة نتيجددددة لاحتواليددددا عمددددض
 CVكميدددا  عاليدددة مدددن كربوندددا  الكالسددديوم. كمدددا ثكدددد  قدددديم 

يراً،  ددي التربددة بأنيددا ثقددل الخددواز ت ددا pHالمنخيةددة لخاةددية 
= CV) اوجددو إ   Aishah et al.، (2010)وتتيدق مد  نتدالج 

%( متحةددددل  CV=.-1) %(  ددددي تددددرا سدددديريلانكا، كدددد لك0
 دي التدرا  Usowicz & Lipiec (.049)عمييدا مدن قبدل 

 البولندية.

 
 سم 04-4الخريطة المستنبطة لمموحة التربة لمعمق  (:5شكل )

 
 سم 04-4لتربة لمعمق الخريطة المستنبطة لدرجة تياعل ا (:6شكل)

 الخلاصة
 التربدددددددة لخدددددددواز المكددددددداني الاخدددددددتلاف ثو التبددددددداين تقددددددددير إن  

 والمحاةدددديل التربددددة لإدارة ثساسددددي شددددرط والكيمياليددددة الييزياليددددة

دارتيدددا الأرخ اسدددتخدام د  ع دددويُ  محدددددة. إيكولوجيدددة بيلدددة وبندددا   وا 
 بالاةددا ة المسددتدام، المحةددولي للإنتدداج الرليسددية العوامددل مددن
 متنوعدة مجموعدة تددمج والتدي والمنتجة المرغوبة التربة وازلخ
 الطبيعدي. الوسدط  دي البشدرية والممارسدا  البيليدة العمميا  من
 موقددد  لإدارة المؤشدددرا  مدددن مجموعدددة وجدددود لم ايدددة الميدددم مدددن

 الخةددالز عمددض المؤشددرا  ىدد ه تركددز ثن يجددا بحيدد  محدددد،
 وثن الأبحدا  منطقدة  دي لمتربدة والبيولوجية والكيميالية الييزيالية
 حةدددا الإ خداماسدددت عمدددض الورقدددة ىددد ه ركدددز  مسدددتيد ة. تكدددون

 دمجيددددا تددددم التربددددة خددددواز لددددبعخ خددددرالط إنتدددداج  ددددي المكدددداني
 تددددم  لددددك، إلددددض بالإةددددا ة الج را يددددة. المعمومددددا  نظددددام ةددددمن
 الدراسدددددة منطقدددددة  دددددي التربدددددة خةدددددالز توزيددددد  نمدددددط تخطددددديط
 مقمددددوا يقددددةطر  اسددددتخدام تددددم الإحةددددالية. الأسدددداليا باسددددتخدام
 خةدددالز بعدددخ لتحميدددل وتقييميدددا (WDI) الموزوندددة المسددا ة
 الأقةددددض والحددددد (Minالأدنددددض) الحددددد مثددددل ومت يراتيددددا التربددددة،

(Max) الاخددتلاف ومعامددل (CV) . حسدداا تددم كدد لك لمعينددا 
 ومعامددددل ،(ESMR) الخطددددأ مربدددد  لمتوسددددط التربيعددددي ر الجدددد

 لدقدة كمؤشدر المسدتنبطة القديمو  المقيسدة القيم بين (E0) التحديد
 قددديم انخيةددد  كممدددا اندددو وبمدددا ىددد ه. التنبدددؤ ثو التوليدددد عمميدددا 
ESMR  التنبدددؤ، خددرالط إنتدداج  ددي ث ةدددل الطريقددة ىدد ه كاندد 

 نتددالج ثعطدد  الدراسددة ىدد ه  ددي IDW طريقددة ان نسددتنج عميددو
 حموةدة ودرجدة (DD) ريدةالظاى الكثا دة مدن كل لخرالط جيدة
 تدددم التدددي القددديم ىددد ه تسدددتخدم ان مكدددني وبالتدددالي ،(Hp) التربدددة

 لددم مماثمددة منطقدة ثي  ددي الخددواز بيد ه لمتنبددؤ عمييددا الحةدول
 تددددم التددددي البيانددددا  مددددن الاسددددتيادة ويمكددددن عينددددا . منيددددا تؤخدددد 

 اختبددار  لددك  ددي بمددا المحددددة المواقدد  إدارة  ددي عمييددا الحةددول
 مثددددل الزراعيددددة والعمميدددا  الحاليددددة والةدددرف الددددري ثنظمدددة ثدا 

 الأراةدددي. اسدددتخدام ممارسدددا  تقيددديم كوكددد ل والتسدددميد الحراثدددة
 التربدة ومموحة (CIG) الوزني الرطوبي المحتوى خرالط بينما
(RG)  طريقددة  ددإن وليدد ا دقددة، ثقددل نتددالج ثعطدد IDW ربمددا 

  دي التربدة خدواز كل استنباط  ي الكا ية بالدرجة مناسبة غير
 Kriging مثدل ثخدرى طدرق اسدتخدام يجدا وعميدو الدراسدة ى ه

 ومقارنتيدا العينا  عدد زيادة بشرط ث ةل نتالج عمض لمحةول
 ىدددد ه ثظيددددر  كمددددا .WDI بطريقددددة عمييددددا المتحةددددل بالنتددددالج
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 تربدددة لخةدددالز مكانيدددة بياندددا  قاعددددة تأسددديس ثىميدددة الدراسدددة
 لتتبعيدددا و لدددك طدددرابمس، بجامعدددة الزراعدددة كميدددة ثبحدددا  محطدددة
     المستقبمية. الدراسا   ي وزمانياً  مكانياً 
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Abstract: The objective of the study was to determine the spatial differences of some physical and 

chemical properties of the soil samples of the research stations of the Faculty of Agricul-

ture/University of Tripoli in April 2013. The results were used to produce spatial maps in order to 

find out the spacial distribution for the following properties: Bulk density (BD), Gravimetric water 

content (GWC), soil salinity (EC) and soil pH using the inverse distance weighting (IDW) method. 

The study was conducted on an area of approximately 13000 m
2
 and was divided into a 12 m x11 

m grid to produce 100 survey units and 36 units were chosen and coordinated by a portable GPS 

device to collect the samples. Tests were performed for both BD and GWC from depths 0-10 cm, 

10-20 cm and 20- 30cm, while EC and pH analysis where done for samples from a depth of 30 cm. 

Spatial maps were produced of continuous surfaces and quality that differed from one property to 

another according to the Root Mean Square Error (RMSE) values. Based on the results, the values 

of RMSE varied (0.71, 0.82, and 0.86) for the GWC and (0.06, 0.13, 0.08) for the BD properties of 

the three depths, respectively. Where as the RMSE values were (0.15, 0.84) for the pH and EC 

properties respectively. The low RMSE values for BD maps at the first and third depths and the pH 

map showed a higher quality index for the maps. While the relatively high RMSE values showed 

that the maps produced for both EC and GWC properties were lower quality. This study concluded 

that it is possible to produce spatial maps of different quality for some soil properties within the 

field using IDW. These maps can therefore be used to predict BD and pH properties in the field, 

while they are difficult to predict for EC and GWC. Therefore, it is recommended to continue to 

explore the possibility of producing high-quality maps in other ways for these two properties, tak-

ing into account the increase in the number of the samples. 

 

 

Keywords: Inverted Distance Weighting, Bulk Density, Volumetric Water Content, Soil Salinity, 

Soil pH. 
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الفطريىة عمى   مىرا حصىر اأ بيىد  9132أجريت ىذه الدراسة عمى  نباتىات الىورد الناميىة دىي مدينىة البيضىاء عىام  المستخمص :
عمىى  أاكانىت الحىىداةق العامىة   دىيأن شىجيرات الىىورد المزروعىة  أوراق نبىات الىورد النىامي بمدينىىة البيضىاء، أوضىحت نتىىاة  الدراسىة

معنويىىاً مقارنىىة بالحىىداةق المنزليىىة والمشىىاتل، وي يىىر مىىن ىىىذه النتىىاة  أن كميىىة المىىر  عمىى  أوراق الىىورد المىىزرو  بالبيضىىاء اصىىابة  
مقارنة بالحداةق %( عم  التوالي. 5451% و 5454) صابة الحداةق المنزلية والمشاتل أقميا اعالية خلال دترة الدراسة، كانت  كانت
لبقعىىة السىىوداء، والبقعىىة الفضىىية، احتىىراق ىىىذه الدراسىىة كانىىت: البيىىا  الدقيقي،الصىىدأ، ا التىىي سىىجمت دىىي مىىرا اأ%(،31) العامىىة

 الإصىىابة%( لكىىل مىىن نسىىبة 1155% و 5255) البيىىا  الىىدقيقي حيىىث بمىى ىىىو مىىر   اً تواجىىد  مىىرااأكثىىر أ ؛الحىىوا ، والمطخىىة
ة بالمنطقىة خىلال المسىجم مىرا اأ أقىل التىوالي، بينمىا مىر  الصىدأ كىان وشدتيا عمى  أوراق الىورد المزروعىة بمدينىة البيضىاء عمى 

 الإصىىابةن نسىىبة وا  النبىىات تجاىىىات معنويىىة بىىين الامىىع عىىدم وجىىود دىىروق %. 553تجىىاوز متوسىىطيا بنسىىبة اصىىابة لىىم ي 9132سىىنة 
جميىع  ة ىىي اأعمى  نسىبة أصىابة دىيصىابة، وأن أوراق الىورد المسىن  وكان شير يوليو ىو أعمى  الشىيور إ %،51-1354تتراوح بين 

 شيور الدراسة. 

 دطرية، أوراق الورد، البيضاء، ليبيا أمرا حصر،  الكممات المفتاحية:

 لمقدمةا
ىىىو نبىىات زينىىة  (.Rosa sp) يالاسىىم اللاتينىى  Roseالىىورد 

ىىىن  لمحىىىداةق المنزليىىىة، والمسىىىطحات وي   ديىىىو   أسىىىباج تجاريىىىة ، م 
و نصىىى  أ، عمىىى  شىىىكل شىىىجيرة مسىىىتديمة الخضىىىرة نبىىىات معمىىىر

يعتبىىىىىىىر مىىىىىىىن  .Rosaceaeمتسىىىىىىىاقطة، تتبىىىىىىىع العاةمىىىىىىىة الورديىىىىىىىة 
محاصيل التصدير لعدد من دول العالم و يقدر الإنتاج العىالمي 

 لىىو نوياً وتعتبىىر الىىدنمارب أكبىىر منىىت سىىنويا بمةىىة مميىىون شىىتمة سىى
 Pemberton% )41حيىىىىىىىىىىىىىىىىىىىىث تنىىىىىىىىىىىىىىىىىىىىت  منيىىىىىىىىىىىىىىىىىىىىا حىىىىىىىىىىىىىىىىىىىىوال  

 ؛سىتعمالاتيمتىاز ىىذا النبىات ب نىو متعىدد الا (.2003وآخرون،.
بيىىىد  تجميميىىىا،  ة والعامىىىةيىىىيىىىزر  دىىىي الحىىىداةق المنزلمىىىا  منيىىىا

صىناعة العطىور مىىن خىلال اسىتخلاو الزيىىوت العطريىة منيىىا ، 
 .خل دي الصناعة العلاجيةويد
يىىنجم  ييصىىاج بالعديىىد مىىن الممرضىىات النباتيىىة التىى نبىىات الىىورد 

تىىىىو قيمعمىىىى  صىىىىحتو، جمالىىىىو  و  ليىىىىا تىىىى ثير عىىىىال   أمىىىىرا عنيىىىىا 

جىزاء أو أتسبج خساةر لمنبىات بالكامىل  مرا التجارية، ىذه اأ
، مىىىرا كبيىىىرة منىىىو، لىىىذا يتطمىىىج التعىىىر  عمىىى  مسىىىببات ىىىىذه اأ
يصىىىاج وعزليىىىا وتحديىىىد ال ىىىرو  الملاةمىىىة لانتشىىىارىا ووباةيتيا.

وراق  منيىىىا اأنبىىىات الىىىورد بالعديىىىد مىىىن الفطريىىىات التىىىي تيىىىاجم 
      مىىىىىىىىىىىىىر  البقعىىىىىىىىىىىىىة السىىىىىىىىىىىىىوداء، البيىىىىىىىىىىىىىا  الىىىىىىىىىىىىىدقيقي والصىىىىىىىىىىىىىدأ 

((Schwer 2006، ج عىن ويعد مر  البيا  الدقيق  المتسب
، Sphaerotheca pannosa var.rosaeالفطىىري الاسىىكي 

Podosphaera rosaeيميىىو مىىرا ، مىىن بىىين أىىىم تمىىب اأ ،
ي يىىر  الىىذي Phragmidiumالنىىات  عىىن دطىىر الصىىدأ  مىىر 

شىىكل بقىىىع  عمىى  لينتشىىر عمىى  المجمىىىو  الخضىىريعمىى  اأوراق 
برتقالية وتساعد نسبة الرطوبة العالية عمى  انتشىار ىىذا المىر  

 يىىىىور بثىىىىرات عمىىىى  اأوراق  المىىىىر  إلىىىى يرجىىىىع خطىىىىورة ىىىىىذا 
إلىى  زيىىادة دقىىد المىىاء وجفىىا  النبىىات وموتىىو عنىىد  مؤديىىةواأدىىر  
و أعراضالذي ت ير البقع السوداء  ، أما مر الشديدة الإصابة

https://doi.org/10.54172/mjsc.v34i4.235
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v34i4.235&amp;domain=pdf&amp;date_stamp=2008-08-14
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لمورقىىىىة  يبقىىىىع سىىىوداء عمىىىى  السىىىط  العمىىىىو عمىىىى  شىىىكل  بوضىىىوح
مىىىر  ، أمىىىا قىىىد يتسىىىبج عنىىىو تسىىىاقط اأوراقالصىىىةيرة  وقالسىىىو 

 Botrytisنىىىىات  عىىىىن دطىىىىر  يىىىىذا المىىىىر د يالعفىىىىن الرمىىىىاد

cinerea  شىىكل كتىىل  يوي يىىر دىى وقزىىىار والسىىييىىاجم اأحيىىث
، موتيىىىىا يكمىىىا يتسىىىبج دىىى وقماديىىىة المىىىون عمىىى  اأزىىىىار والسىىىىر 

رجوانيىة المىون أت يىر بقىع  يالبيا  الزغبىل  مر  بالإضادة إ
بفطىىر  الإصىابةنتيجىة  داكنىة عمى  اأوراق تسىبج سىىقوط اأوراق

Pernospora sparsa  كىذلب تبقعىات ناتجىة عىن الفطريىات ،
Alternaria sp ،Cercospora puderi ،Coryneum 

microstictum ،Mycosphaerlla rosicola ،
Septoria rosae،   ذكر(  Salamone،2009وآخىرون)  أن

 Podosphaera pannosa (Wallr. Fr))البيىا  الىدقيقي

de Bary) ي ، والعفىن الرمىادBotrytis cinerea Pers.. 

 3545سىنوات سىجل خىلال ال ،الورد دىي ليبيىا أمرا من أشير 
العديىىد مىىن الاصىىابات عمىى  شىىجيرات  طىىرابمسدىىي  3525لىى  إ

 .Wint(.Schr)الصىىىىىىىىىىىىىىىىىىىدأ ) :الىىىىىىىىىىىىىىىىىىىورد المزروعىىىىىىىىىىىىىىىىىىىة منيىىىىىىىىىىىىىىىىىىىا
Phragmidium subcorticiumالبيىىىىىىىا  الىىىىىىىدقيقي  ،) 

((Waltas) Lev. Sphaerotheca pannosa البقعىىة  ،)
(،  Diplocarpon rosae Wolf IMI 105311السىوداء ) 

 Botrytis cinerea Pers. Ex Fr. IMIوالعفىن الرمىادي )

 مىىىىىىىىىىىرا ( أىىىىىىىىىىىىم اأ3524) Kranz ( ، كمىىىىىىىىىىىا درس105312
عىىىىن  الفطريىىىىة  بمنطقىىىىة الجبىىىىل اأخضىىىىر الىىىىذى يصىىىىل ارتفاعىىىىو

 1مىىم 211-911م، ومتوسىىط امطىىاره 411 مسىىتوى سىىط  البحىىر
أغسىىىىطس سىىىىنة -م يوليىىىىو11-11أقصىىىى  درجىىىىة حىىىرارة سىىىنويا، و 

مىن شىجيرات   Gliocladium roseum، وعىزل دطىر 3545
لىى  حصىىر بيىىذه المنطقىىة. تيىىد  ىىىذه الدراسىىة إالىىورد المزروعىىة 

 ليبيا.-الورد بمدينة البيضاء، الجبل اأخضر أمرا 

 المواد وطرق البحث

داخىل مدينىة  اً موقعى 34 مىن العينىات جمعىت جمع العيناات:
يىىىا، بالمنطقىىىة مىىىن ليب يدىىىي الشىىىمال الشىىىرق البيضىىىاء الواقعىىىة

 °21 33-’44خضىر، خىط عىر الوسىط  مىن الجبىل اأ

 9كىىىىىم 335595، بمسىىىىىاحة  °32 ’59-’45وخىىىىىط طىىىىىول 

سىىىط  البحىىىر، تمتىىىاز بمنىىىاخ البحىىىر عىىىن  اً متىىىر  295وارتفىىىا  
 لمتوسىىىىىىىط حىىىىىىىار جىىىىىىىا  صىىىىىىىيفاً وممطىىىىىىىر شىىىىىىىتاءبىىىىىىىي  ااأ
(Abdullrahman ،9135)، مىىاكن المسىىتيددة وشىىممت اأ

لكىىىىل مىىىىن: مشىىىىاتل، حىىىىداةق عامىىىىة وحىىىىىداةق  مواقىىىىع ةخمسىىىى
ربعىىة متضىىمنة المواسىىم اأمنزليىىة، خىىلال دتىىرة نشىىاط النبىىات 

شىىجار بمعىىدل خمىىس أ، )الخريىى ، الشىىتاء، الربيىىع والصىىي (
شىىجرة  34مىىن كىىل موقىىع، ليصىىل عىىدد الشىىجيرات المختبىىرة 

ات، الكىىاةن النبىى أمىىرا إلىى  معمىىل  /شىىير، جمبىىت العينىىات
بقسىىىىم وقايىىىىة النبىىىىات، التىىىىابع لكميىىىىة الزراعىىىىة، جامعىىىىة عمىىىىر 

بلاسىىتيب  صىىناديقدىىي بعىىد حف يىىا  المختىىار، البيضىىاء، ليبيىىا
ت ركىىىز  ،العينىىىاتلمحفىىىا  عمىىى  حيويىىىة  ورقيىىىةأوراق  الحاويىىىة

طبيعىىىة الزراعىىىة بيىىىا  ىىىىذه الدراسىىىة عمىىى  مواقىىىع تختمىىى  دىىىي
والعنايىىة بنبىىات الىىورد وشىىممت حىىداةق عامىىة، حىىداةق منزليىىة 

)كما مدينىىة البيضىىاء باتجاىىىات مختمفىىة دىىيومشىىاتل، موزعىىة 
مسىتويات  ةثلاثىمىن  جمعت العيناتو ، ىو مبين بالخريطة (

وراق متضىىىىىىىىىىىمنة اأوراق المسىىىىىىىىىىىنة، اأوراق المتوسىىىىىىىىىىىطة واأ
، الشىىىىىرقي الجنىىىىىوبي)الشىىىىىمالي، اتجاىىىىىىات  ةربعىىىىىأو الحديثىىىىىة، 

دترة نشىاط  تم الجمع بمعدل شيري دي والةربي( لكل شجرة.
، حيىىىث تباينىىىت خىىىلال ىىىىذه 9132 لسىىىنة  ديسىىىمبر -مىىىارس

ربعىىة اأ الفتىىرة  ىىرو  بيةيىىة مختمفىىة نتيجىىة تعاقىىج الفصىىول
 .)الخري ، الشتاء، الربيع والصي (

 

 

 ( خريطة تبين موقع الدراسة3شكل ) 
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الشيرية لعناصر المناخ بمحطىة البيضىاء لسىنة متوسطات ال (.1):جدول
9132 

 اأشير

 *العناصر المناخية

الحرارة الكبرى
صةرى 

الحرارة ال
 

كمية اأمطار
عدد اأيام الممطرة 

 

سرعة الرياح
كمية السحج الكمية 

 

نسبة الرطوبة
 

1 14.9 06.2 04.0 06.0 11.0 05.0 72 

5 16.4 08.9 01.5 03.0 08.8 03.2 65 

4 17.5 10.5 0.2 02.0 09.0 01.0 61 

2 19.5 12.8 0 0 10.5 01.0 55 

3 22.0 14.6 0 0 10.5 0. 5 50 

4 24.8 17.5 0 0 09.0 0.5 45 

5 28.0 20.0 0.9 02.0 09.0 01.0 46 

 جامعو عمر المختارب اأرصاد الجويةمركز 
 

 الإصىىابة: قيمىىت كميىىة  المواقااع فااي الإصااابةتقاادير كميااة 
وكانىىىت  عمىىى  أوراق نباتىىىات الىىىورد المجموعىىىة مىىىن كىىىل موقىىىع

 Carlson-Nilssonل  مجىاميع باسىتخدام طريقىة تفصل إ

& Davidson (2002). لىىى  حيىىىث قسىىىمت النباتىىىات إ
 مجاميع حسج المر .

 الإصىىابة أعىىرا قىىدرت :  مراضبااالأ الإصااابةتقاادير كميااة 
ال ىىىاىرة مىىىن نمىىىوات  عىىىرا الىىىورد حسىىىج اأ أمىىىرا عمىىى  

وجىىىىود  ،حجميىىىىا ،لونيىىىىا ،و شىىىىكل التبقعىىىىاتدقيقيىىىىة، بثىىىىرات أ
كىل عىر  ، ل  مجاميعإوزعت العينات جراثيم من عدميا، 

لكىل عىر  ودىق المقىاييس  الإصىابةحسج درجىة تم توزيعو 
 الإصىىىىابةالمعتمىىىىدة دىىىىي المراجىىىىع العمميىىىىة،ليتم تقىىىىدير كميىىىىة 

  .ةلكل مر  عم  حد الإصابةوحساج نسبة وشدة 

 النتائج

مىن أىىم النتىاة  المسىجمة الورد المسجمة بالدراساة:  أمراض
عم  الورقة  عرا ىذه الدراسة ىو  يور العديد من اأ دي

، المىىون والحجىىم دىىيالواحىىدة، ووجىىود أكثىىر مىىن بقعىىة مختمفىىة 
أ( عمييىىىا تبقىىىع -9( نجىىىد أن )9الشىىىكل ) دىىىيكمىىىا ىىىىو مبىىىين 

مىة الورقىة، قووجود موت لمحوا  مع موت  غير منت م بني
سىىىوداء صىىىةيرة –بنيىىىة  : ي يىىىر عىىىدد مىىىن التبقعىىىاتج(-9)

مىىىىىوت  أعىىىىىرا الحجىىىىىم غيىىىىىر منت مىىىىىة الشىىىىىكل مىىىىىع  يىىىىىور 
 -9ج(: بقع سوداء المون مىع مىوت الحىوا ، )-9الحوا ،)

ه(: بقىىىع صىىىفراء، -9د(: البقىىىع الفضىىىية ومىىىوت الحىىىوا ، )
-9و(: لطخىىىة وبقىىىع سىىىوداء، )-9بثىىىرات، مىىىوت الحىىىوا ، )

ح(: لطخىىىة، -9، )ز(: لطخىىىة، بقىىىع سىىىوداء ومىىىوت الحىىىوا 
-9بقعىىة دضىىية، بقىىع سىىوداء وبقىىع محاطىىة بيالىىة صىىفراء، )

ي(: بقىىىىع دضىىىىية وبقىىىىع -ط(: مىىىىوت القمىىىىة وبقىىىىع دضىىىىية، )
 سوداء.

 
ال ىاىرة عمى  أوراق الىورد خىلال موسىم نموىىا  عىرا أىىم اأ (.2):شكل
  م.9132لسنة 

 ي يىىر مىىن الجىىدولالااورد المسااجمة بالدراسااة:  أمااراضحصاار 
كانىىىت الحىىىداةق العامىىىة   دىىىيأن شىىىجيرات الىىىورد المزروعىىىة ( 9)
حيىث معنوياً مقارنة بالحداةق المنزلية والمشىاتل صابة  إعم  أا

%( عمى  5451، 5451، %% 31) الإصىابة بم  متوسىط نسىبة
تىىىرة بشىىىكل عىىىام عاليىىىة طيمىىىة د الإصىىىابةالتىىىوالي، وكانىىىت نسىىىج 

م  9132صىابة سىجمت بسىنة الدراسة حيث وصمت  أقل نسىبة إ
 دىىي تعمىى  الىىورد سىىجمصىىابة حىىين أعمىى  نسىىبة إ دىىي%، 5559
 الإصىىىىىابةعنىىىىىد حسىىىىىاج شىىىىىدة %، 25)يوليىىىىىو( بمةىىىىىت  3شىىىىىير 

 يىىىىرت الحىىىىداةق المنزليىىىىة ىىىىىي اأقىىىىل إصىىىىابة مقارنىىىىة بالعامىىىىة 
شيور اأعم  حرارة تراوحىت شىدة الوالمشاتل، وبينت النتاة  أن 

شىىىىيور الربيىىىىع لىىىىم  حىىىىين كانىىىىت دىىىىي%، 14-11بيىىىىا  الإصىىىىابة
%، وي يىر مىن ىىذه النتىاة  أن كميىة المىر  عمى  93تتجاوز 

أوراق الورد المزرو  بالبيضاء كانىت عاليىة خىلال دتىرة الدراسىة، 
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قميىىا أصىىابة مقارنىىة بالحىىداةق الحىىداةق المنزليىىة والمشىىاتل أكانىىت 
 العامة.

نسىىبة إصىىابة أوراق الىىورد المزروعىىة بحىىداةق البيضىىاء العامىىة  (2جاادول )
 م(.9132لسنة  15-11الفترة الممتدة ) ديوالمنزلية ومشاتميا 

 9132بمواقع الدراسة لسنة  الإصابةتقدير كمية 
اأشي

 ر
متوسط 
اأشي

 ر

 الإصابةنسبة 
مشا 

 تل
 حداةق منازل

60.0 64.8 47.2 68.0 1 

54.4 36.0 46.7 80.5 5 

52.7 34.2 29.2 94.7 4 

49.2 56.3 15.8 75.6 2 

69.0 72.0 57.5 64.4 3 

54.2 45.4 49.2 68.0 4 

49.4 29.4 58.6 60.2 5 

 48.3 45.3 73.1 
متوسط 
 المواقع

  
21.72

1 
 LSD اأشير

0.05 
  

18.35

8 
  المواقع

  
48.57

0 

اأشير
 *

 المواقع

 

 الإصابةشدة 
27.9 48.6 20.8 14.3 1 

27.2 25.6 19.6 36.5 5 

26.8 24.3 13.1 43.1 4 

30.5 40.4 8.5 42.6 2 

38.2 43.7 38.7 32.3 3 

33.1 29.2 31.7 38.4 4 

35.0 26.3 39.2 39.6 5 

متوسط  35.2 24.5 34.0 
 المواقع

  
15.54

7 
 اأشير

LSD 

0.05 
  

13.14

0 
  المواقع

  
34.76

4 

اأشير
 *

 المواقع
 

 

أ يىىرت النتىىاة  أن  :منطقااة البيضااء فاايالااورد  أمااراضحصار 
 المسجمة عم  أوراق الورد كانت البيا  الدقيقي، مرا أىم اأ

حتىىىىراق الحىىىىوا ، ية، االصىىىىدأ، البقعىىىىة السىىىىوداء، والبقعىىىىة الفضىىىى
 مىىىرا اأكثىىىر أكىىىان لىىى  تبقعىىىات أخىىىرى ضىىىادة إوالمطخىىىة، بالإ

% و 5255البيىىىىىا  الىىىىىدقيقي حيىىىىىث بمىىىىى  )ىىىىىىو مىىىىىر   اً تواجىىىىىد
وشىىىدتيا عمىىىى  أوراق الىىىىورد  الإصىىىىابة%( لكىىىل مىىىىن نسىىىبة 1155

 التىوالي، بينمىا مىر  الصىدأ كىان بمدينة البيضاء عم  المزرو 
بنسىىىىبة  9132ة خىىىىلال سىىىىنة المسىىىىجمة بالمنطقىىىى مىىىىرا اأ أقىىىىل

%. وكىىىىان كىىىىل مىىىىن مىىىىر  553تجىىىىاوز متوسىىىىطيا لىىىىم ي إصىىىىابة
مقارنة  الإصابةوالبقعة السوداء عالية المطخة ، البقعة الفضية، 

ت النتىىاة  حتىىراق حىوا  اأوراق. مىىن جيىىة أخىرى سىىجمبمىر  ا
بىىىىين أشىىىىير الدراسىىىىة لجميىىىىع نسىىىىج عىىىىدم وجىىىىود دىىىىروق معنويىىىىة 

 أ يىرت الإصىابةالمختبىرة، بينمىا نتىاة  شىدة  مرا للأ الإصابة
صىىىىىابة حيىىىىىث كىىىىىان )مىىىىىارس( ىىىىىىو أقىىىىىل اأشىىىىىير إ 1أن شىىىىىير 
خىىىىىلال  الإصىىىىىابةحىىىىىين ارتفعىىىىىت شىىىىىدة  دىىىىىي%، 3353متوسىىىىىطو 
  %.94لتبم   5و  4اأشير 
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 9132 الفطرية عم  أوراق الورد وشدتيا خلال أشير الدراسة لسنة مرا ب ىم اأ الإصابةنسبة :  (3جدول ) 

(15/9132-11عم  أوراق الورد خلال الفترة ) مرا كمية اأ  

الإصابةنسبة  اأشير  

متوسطال بقعة السوداءال احتراق الحوا  الصدأ  بقعة الفضيةال   البيا  الدقيقي المطخة 
20.9 0.0 5.9 0.0 64.0 18.0 33.0 1 

37.0 6.2 20.7 70.2 60.5 28.9 35.5 5 

30.8 15.9 25.2 31.0 33.7 39.9 39.0 4 

27.3 0.0 30.0 22.9 21.5 43.8 45.3 2 

32.7 0.0 33.5 26.2 16.4 58.0 61.8 3 

35.4 0.0 19.9 32.8 40.4 63.4 56.1 4 

34.5 6.9 10.4 38.6 37.6 55.6 57.7 5 

متوسطال 46.9 43.9 39.2 31.7 20.8 4.1   
مرا اأ 395553      LSD 0.05 
  اأشير 335431    

* اأشيرمرا اأ 115239       

الإصابةشدة    
11.1 0.0 5.9 0.0 29.0 10.0 21.6 1 
22.4 6.2 16.4 30.8 37.4 18.4 25.3 5 
22.8 12.1 15.1 24.3 99.3 22.6 28.5 4 
20.9 0.0 20.5 22.9 19.4 29.9 32.4 2 
20.6 0.0 26.9 15.2 17.7 30.1 33.6 3 
25.8 0.0 18.7 27.3 39.1 31.1 36.4 4 
25.7 6.1 7.5 34.8 37.5 32.5 35.1 5 

متوسطال 30.4 25.2 30.0 22.3 16.4 3.5   
مرا اأ 7.84      LSD 0.05 
  اأشير 7.26    

    n.s اأشيرمرا اأ *   

 
( أن العلاقىىة بىىين 1أ يىىرت نتىىاة  الدراسىىة المبينىىة بالشىىكل )

 دىىىىيال ىىىىرو  البيةيىىىىة لمدينىىىىة البيضىىىىاء والمواقىىىىع المسىىىىتيددة 
ى علاقىىة ضىىعيفة ، ولىىم تسىىجل أ لعلاقىىةالدراسىة كانىىت ىىىذه ا

بىىين العوامىىىل المختبىىىرة مىىىن درجىىىة حىىىرارة ورطوبىىىة نسىىىبية مىىىع 
ممىىىا  المواقىىىع الثلاثىىىة المختبىىىرة دىىىيوشىىىدتيا  الإصىىىابةنسىىىبة  
وليسىت العوامىل  تعىود لاسىباج أخىرى الإصابةأن  إل  يعزى

 .البيةية دقط
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 دىىيوشىىدتيا  الإصىىابةالمواقىىع الثلاثىىة: ) أ ، ج( نسىىبة  دىىيالفطريىىة  مىىرا ال ىىرو  البيةيىىة )درجىىة حىىرارة ورطوبىىة نسىىبية مىىع كميىىة اأ العلاقىىة بىىين: (3شااكل )

 المشاتل ديالحداةق المنزلية )ه ، و(  ديالحداةق العامة، )ج ،د( 
 

 مىىرا أ( تسىىجيل 5أ يىىرت نتىىاة  الدراسىىة المبينىىة بالشىىكل )
 دىىىىيدطريىىىىة عمىىىى  أوراق الىىىىورد المىىىىزرو  بمدينىىىىة البيضىىىىاء،  

خاصىة دصىل الربيىع بالمتعاقبىة، و  9132جميع دصول سىنة 

نىىت ىنىىاب دىىروق بينمىىا كا ،كىىان أعمىى  الفصىىول أصىىابة يالىىذ
حىىين سىىجل  دىىيالصىىي  والخريىى   يغيىىر معنويىىة بىىين دصىىم

دصىىل  دىىيالفطريىىة  مرا بىىاأ الإصىىابةكميىىة  دىىي  انخفىىا
 الشتاء.
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 (الإصابة، ج: شدة الإصابة)أ:نسبة  مواسم اأربعة الخلال وشدتيا منطقة البيضاء  ديالورد   مرا ب الإصابةنسبة  :(4شكل ) 

 
تجاىىىىات الا دىىىيالفطريىىىة  مرا بىىىاأ الإصىىىابةوعنىىىد حسىىىاج نسىىىبة 

( أوضىىىىحت نتىىىىاة  التحميىىىىل 5جىىىىدول )بالاأربعىىىىة كمىىىىا ىىىىىو مبىىىىين 
تجاىىىىات وأن نسىىىبة اةي عىىىدم وجىىىود دىىىروق معنويىىىة بىىىين الاحصىىىالإ

%، وكىىان شىىير يوليىىو ىىىو أعمىى  51-1354تتىىراوح بىىين  الإصىىابة
 ،حىىىين كانىىىت أقىىىل إصىىىابة دىىىي شىىىير مىىىارس دىىىيالشىىىيور اصىىىابة 

 %. 41 الإصابةويلاح  أن أشير الصي  تجاوزت بيا نسبة 

الفطريىىىة  مرا بىىاأ الإصىىىابةجاىىىىات عمىى  نسىىبة تتىى ثير الا (4جاادول  )
 منطقة البيضاء خلال أشير الدراسة ديعم  أوراق الورد 

 
( أن اأوراق 5أ يىىىىىىرت نتىىىىىىاة  الدراسىىىىىىة المبينىىىىىىة بالشىىىىىىكل )

ى  اأعم  نسبة من الفر   الجزء السفمي ديالمسنة الواقعة 
 ضىىىىادة إلىىىى   يىىىىور، بالإر الدراسىىىىةجميىىىىع شىىىىيو  دىىىىيأصىىىىابة 

  دي الإصابةبين أشير الدراسة حيث تزداد  اختلا  معنوي

 
يوليىو يونيىو و  شيري ديأشير الصي  وتصل أعم  أصابة 

حىىىىىين  دىىىىيوراق السىىىىىفمية، %( عمىىىى  التىىىىىوالي لىىىىلأ34و  24)
 اأقل أصابة. أشير الربيع والخري  ىيت كان
 

 
منطقىىىة البيضىىىاء  دىىىيالىىىورد  أمىىىرا تىىى ثير المسىىىتويات عمىىى   (5شاااكل )

 خلال أشير الدراسة

 المناقشة

التىى  تيىىاجم أوراق  مىىرا ىىىذه الدراسىىة التعىىر  عمىى  اأ دىىيتىىم 
أخىىرى  أمىىرا صىىدارتيا البيىىا  الىىدقيقي يمييىىا  دىىيالىىورد  كىىان 

ومىىىر  البقعىىىة الفضىىىية ومىىىر   : الصىىىدأ والبقعىىىة السىىىوداءيىىىى
لدراسىىة تواجىىد مىىر  مىىوت الحىىوا  والمطخىىة، وقىىد سىىجمت ىىىذه ا

قىىىل أصىىىابة خىىىلال ىىىىذه الدراسىىىة، يعىىىود ارتفىىىا  الصىىىدأ ولكنىىىو اأ
ال رو  عىدة عوامىىل متداخمىىة كىىالبيىىا  الىىدقيقي  إلىى   الإصىابة

 Ugglaو Garlson-Nilsson) كمىىىا أشىىىار ة واأصىىىنا يىىىالبية

الفطرية عم  أوراق الورد حسج  مرا )%( باأ الإصابةنسبة 
 اأشير أتجاه الشجرة

 شرق غرج شمال جنوج المتوسط
 مارس 23.3 25.9 18.8 25.0 23.3

 ابريل 40.8 31.3 41.6 32.0 36.4

 مايو 41.6 40.4 33.9 43.6 39.9

 يوينو 47.8 58.7 45.9 52.5 51.2

 يوليو 55.7 53.3 58.2 53.4 55.1

 اغسطس 37.7 28.9 34.8 36.5 34.5

 سبتمبر 27.2 30.4 29.2 37.2 31.0

 
 المتوسط 39.2 38.4 37.5 40.0
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وجىىىىىود إلىىىىى  خىىىىىتلا  بىىىىىين اأصىىىىىنا  يعىىىىىزى الا كمىىىىىا( 9114، 
تراكم المواد الفينولية عنىد  ديحواجز ميكانيكية وكيمياةية تمثمت 

 (Schwer2006)ومنىىىىىاطق دخىىىىىول المسىىىىىبج  الإصىىىىىابةمواقىىىىىع 
الفطرية عم  أوراق الورد  مرا باأ الإصابةأن  النتاة  أ يرت

صىىابة إا %، وكانىىت أعلاىىى41سىىجمت أرتفاعىىا تجىىاوزت نسىىبتيا 
 3شىير  دىيخاصىة بالحىداةق العامىة، و  ديزروعة الم الشجيرات
حىىىين كانىىىت  دىىىي%(، 25) الإصىىىابةبمةىىىت نسىىىبة حيىىىث )يوليىىىو( 

قىىل أصىىابة. كمىىا يتضىى  مىىن النتىىاة  أحىىداةق المنزليىىة والمشىىاتل ال
المشىاتل  دىي ( أن أعمى  شىدة أصىابة سىجمت9جدول )المبينة بال

ىذه النسىبة تناقصىت دىي شير مارس إلا أن  دي% 5452بمةت 
ن المشىىاتل حقىىة ويعىىزى سىىبج ىىىذا الانخفىىا  إلىى  أاأشىىير اللا

ىتمىىام وتطبيىىق بىىرام  المكادحىىة لمحصىىول تىىزداد بيىىا العنايىىة والا
تشىابو مىع مىا أشىار تنتىاة  ال وىىذهعم  المردود المادي اأعم ، 

مىىىىىىن المشىىىىىىاتل كانىىىىىىت  اً أن عىىىىىىددمىىىىىىن  ( 9135عبىىىىىىدا ، )إليىىىىىىو 
حىىىين  دىىي%، 1 الفطريىىة بيىىا ضىىعيفة جىىدا تقىىارج مىىن الإصىىابة

 بيىا الإصىابةبينت نتاة  الدراسىة أن الحىداةق العامىة كانىت شىدة 
دى إلى  ارتفىا  كميىة أىمىال شير مارس إلا أن الإ دي% 3551

 دىىىىيشىىىىير مىىىىايو. ويعىىىىزى التبىىىىاين  دىىىىي% 5153إلىىىى   مىىىىرا اأ
النتىىاة  إلىى  العنايىىة والرعايىىة بالنباتىىات تختمىى  بىىاختلا  مواقىىىع 

بينمىا  ،صىابةإاأعمى   يحيث كانت الحداةق العامة ىى زراعتيا،
، وسىىىىجمت المشىىىىاتل والحىىىىداةق المنزليىىىىة دىىىىي الإصىىىىابةتناقصىىىىت 

 دىىيربعىىة لمشىىجرة، ة عىىدم وجىىود اخىىتلا  بىىين الجيىىات اأالدراسىى
صابة وقد يعزى السبج إاأعم   يلسفم  ىحين كانت اأوراق ا

 ل  ضع  مقاومة الورقة المسنة.إ

تن  أنىىو لىىم يسىىجل مىىر  منفىىرد عمىى  مىىن ىىىذه الدراسىىة نسىىن
 مىىىىرا الىىىىورد مركبىىىىة، أىىىىىم اأ أمىىىىرا أوراق الىىىىورد، مع ىىىىم 

، الصىىدأ، ي  أوراق الىىورد ىىىي: البيىىا  الىىدقيقالمسىىجمة عمىى
ضىادة لمتبقعىات واحتىراق قعة السوداء، البقعة الفضية، بالإالب

الحوا ، وموت قمة الورقة والمطخة، سجل تباين بين مواقع 
الحىداةق العامىة،  دىيصىابة سىجمت إ، وكىان أعمى   الإصابة

جميىىىع اتجاىىىىات ، وأن  بينمىىىا المشىىىاتل كانىىىت اأقىىىل إصىىىابة
وضىحت أالفطريىة، وقىد  مرا صىابة بىاأإالشجرة سجل بيىا 

قىىىة وكميىىىة ر علاقىىىة بىىىين عمىىىر الو  وجىىىودنتىىىاة  الدراسىىىة عمىىى  
ىتمىىىىىام ب شىىىىىجار الىىىىىورد يوصىىىىىي البحىىىىىاث بالالىىىىىذا ، الإصىىىىىابة

وضىىىىىع قاعىىىىىدة بيانىىىىىات و ية والعنايىىىىىة بىىىىو، ىميتىىىىو اأقتصىىىىىادأ
 .مفطريات الممرضة لموردل
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Abstract: This study was conducted on rose plants growing in Al-Bayda City's in 2012 to 

survey the fungal diseases on leaves of this plant. The results of this study indicated that the 

infection on roses planted in public gardens (parks) was more significant than that of home or 

nursery planted roses, and these results showed that the amount of disease on leaves of roses 

grown in El-Beida were high during the period of this study, Home gardens and nurseries 

were the least infected (45.5% and 48.3%) respectively, compared to parks (73%). The re-

ported diseases in this study were powdery mildew, rust, black spot, silver spot, burning mar-

gins and blotches, the most disease occurring was powdery mildew disease at (46.9% and 

30.4%) for both incidence rate and severity respectively on cultivated roses in El-Bieda City, 

While rust was the least registered disease during the year 2016 with an infection rate that did 

not exceed an average of 4.1%. There are no significant differences between the trends and 

incidences of infection range between 37.5-40%. July was the highest month in terms of in-

fection and the older leaves of roses had the highest infection rate through all the months of 

our study. 

 

Keywords: Survey, fungal diseases, rose leaves, Al-Bayda city, Libya. 
 

 

 

 

https://doi.org/10.54172/mjsc.v34i4.235

	مجلة المختار للعلوم
	Hamad_2019_In Vitro Rooting_MJSC_PDF
	Saad_2019_Total thyroidectomy_MJSC_PDF
	Efhema_2019_PP Polymer_MJSC_PDF
	Mohamed_2019_Miscarriage_MJSC_PDF
	Ibrahim_2019_Mesentric_MJSC_PDF
	Abdalsalam_2019_Babesia_MJSC_PDF
	Khnfar_2019_Care Workers_MJSC_PDF
	Bataw_2019_Xylocopa_MJSC_PDF
	Fadel Saad_2019_Carotid Stenting_MJSC_PDF
	El-beshti_2019_IDW_MJSC_PDF
	Nwara_2019_Fungal Diseases_MJSC_PDF

