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Abstract: The study aimed to investigate the effects of nectar secretion and climate condi-

tions on the number of honeybee workers foraging on flowers of three different plant species. 

Nectar samples were taken at different hours of the day. Handling and traveling time of each 

bee per flower were recorded. The results showed a significant difference during daylight 

hours on nectar volume (P>0.05). The highest amount of nectar was recorded at 10 am on a 

Prunus domestica flower plant (0.5± 0.2) and the lowest on a Pyrus communis flower plant at 

8:00 am with (0.0132 ± 0.008). Also, the highest recorded handling time was on a Malus do-

mestica flower plant at 10 am with (6.1± 1.7 Sec). And while there was an absence of mean 

handling time at 4:00 pm on the P. communis flower plant, The results showed that the high-

est traveling time recorded was on a M. domestica flower plant at 12 am with (2.2 ± 0.1 Sec) 

compared with the P. communis flower plant that recorded the lowest traveling time at 4:00 

pm with (0.1± 0.1 Sec). Furthermore, the results revealed that the preference of Apis mellifera 

was the M. domestica flower plant. The findings showed a significance (P>0.05) between the 

effects of climate conditions on the number of bees during visits, while also revealing that 

there was a relationship between high temperatures and an increase in the number of visiting 

bees. Meanwhile, the number of visits decreased during the hours of observation with lower 

humidity. 

 

Keywords: Apis mellifera; Flower Preference; Foraging Behavior; Handling and Traveling 

Times. 

INTRODUCTION 

It is important to collect information on the 

honeybee A. mellifera populations of Saharan 

and Coastal locations in Libya to fill the 

North Africa gap of biogeography and honey 

bee distribution (Shaibi, 2013). Nectar pro-

duction plays a vital role in the pollination of 

flowering plants. Many studies have been 

done on nectar production and pollinator in-

teraction, especially in tropical, southern, and 

southwestern American species and north Eu-

ropean species (Beutler, 1953; Beutler & 

Schöntag, 1940; Corbet et al., 1979; Huber, 

1956; Loper et al., 1976; Robinson & Oertel, 

1975; Southwick et al., 1981; Wykes, 1953). 

Many insect species help in the process of 

reproduction in plants through mediating pol-

len from flower to flower. Pollinating insects 

play vital roles in agriculture (Yun, 2005). 

The collection of pollen and nectar from 

flowering plants by bees is known as forag-

ing behavior (Gary, 1992; Michener & 

Michener, 1974).  

Time spent by workers flying from one flow-

er to another on the same plant is known as 

traveling time (Steel et al., 1981), and time 

spent by a worker from entering her head in a 

flower to her exit as handling (Steel et al., 

https://doi.org/10.54172/mjsc.v35i3.258
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v35i3.258&amp;domain=pdf&amp;date_stamp=2008-08-14
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1981). The time spent by bees on flowers de-

pends on several factors, including the size of 

the flowers and the nectar found in flowers 

(Singh, 1979). A flowering plant, Macroptili-

um sp, a plant species located in Argentina, 

led to a decrease in the production of nectar, 

which affected the number of bee visits (Hoc 

et al., 2003). Many factors affect the secre-

tion of nectar, including the age of the flow-

er, soil content, and climatic conditions, in-

cluding temperature and humidity (Savos, 

1995) (Gonzalez et al., 1995).  

The honeybee, A. mellifera, is flower con-

stant, which means that on any foraging trip, 

it focuses on only one kind of flower. Pollen 

is transferred only between flowers of the 

same species. This is one of the features that 

make honey bees so popular for the commer-

cial pollination of crops. On the downside, 

some scientists have expressed concern that 

honey bees are too efficient in their collection 

of nectar and pollen, leaving none in a given 

local flower source for the foraging of other 

pollinators (Buchmann & Nabhan, 1996; 

Hubbell & Braasch, 1997). Relative humidity 

has less effect on the flight activities of Apis 

species. However, a combination of tempera-

ture and humidity are important in the ripen-

ing of the anthers of flowers and the availa-

bility of pollen to visiting insects (Joshi & 

Joshi, 2010). The amount of nectar decreases 

in plants due to high temperatures that cause 

its evaporation and increases its concentra-

tion which reflects in the number of visitors 

(Carpenter, 1983). The rate of visits by bees 

increases to the area of flowers by increasing 

the number of pen flowers (Southwick et al., 

1981). This study aims to investigate the ef-

fect of nectar volume on the different activi-

ties and behavior of Apis. mellifera on three 

plant flowers. 

MATERIALS AND METHODS 

Site: The experiments were conducted in 

April 2015 on a farm in the Al-Abarq area, 

Al-Jabal AL-Alakhdar, Libya, cultivated with 

Plum (Prunus domestic), Pear (Pyrus com-

munis), and Apple (Malus domestica). 

Nectar Secretion: Nectar samples (µl /f) 

were taken randomly at different hours of the 

day (at least ten flowers). Nectar samples 

were taken from 8 am to 4 pm by a capillary 

tube used to assure complete removal of 

available nectar within the flower. Nectar 

volume was determined by measuring the 

length of nectar columns in the capillary tube 

to the nearest 1 µl.(Dafni, 1992). 

Handling and Traveling Time: Handing 

time for each bee per flower was recorded 

(by seconds), which started when visiting 

bees rested on a flower. Traveling times were 

recorded during their movement from one 

flower to another. All times were recorded 

with the help of a stopwatch. All records 

were taken from 8 am to 4 pm.(Pleasants, 

1981). 

Climate Conditions: Climate conditions 

were recorded by a psychomotor and a ther-

mometer while recording the number of 

flowers visited by bees. Temperature and 

humidity recordings were taken during flower 

visits from 8 am to 4 pm on observation days 

in an area (1m × 1m) for each plant. 

Data Analysis: All data were analyzed by 

Minitab program 16, by determined ANOVA, 

(M± SE), and regression analysis between 

different factors. Excel program was used for 

data graphical analysis. 

RESULTS 

Nectar secretion: On P. communis, the high-

est mean amount of nectar was recorded at 

10:00 am. (0.18±0.08 µl /f) compared with 

the lowest mean amount of nectar which was 

(0.0132 ± 0.008 µl /f) at 8:00 am. The highest 

mean amount of nectar was at 4:00 pm on M. 

domestica (0.07±0.01 µl /f), and the lowest 

mean amount of nectar was (0.0133± 0.01 µl 

/f) at 12:00 pm. While on the flower of P. 

domestica, the highest recorded mean amount 
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of nectar was (0.5±0.2 µl /f) at 10:00 am 

compared with the lowest mean amount of 

nectar (0.1± 0.01) (µl /f) at 2:00 pm. (Fig. 1). 

The results indicated that there are significant 

differences (P>0.05) between the amount of 

nectar secretion during different hours of a 

day in all plant species (Fig.1). By comparing 

the three plant flowers, P. domestica recorded 

a higher mean amount of nectar (0.2±0.05µl 

/f) while the lowest mean amount of nectar 

was (0.04± 0.006µl /f) on M. domestica. 

 
 
Figure 1. Mean volume (±M) of nectar (µl /f) extract-

ed from the three flowering plants of P. Communis, 

M. domestica, P. domestica. 50 Flower/day. 

 

Foraging activities 

a. Effects of nectar secretion on A. mellif-

era activity: 

The study recorded the numbers of A. mellif-

era on three flowers per meter square. The 

highest number of visits was at 10:00 am for 

all flowering plants respectively (P. Com-

munis, M. domestica, P. domestica) (105.0, 

188.0, 211.0) f/m
2
. The least number of visits 

recorded was at 4:00 pm for all flowering 

plants (P. communis, M. domestica, and P. 

domestica. (2.00, 30.0, 19.0) f/m
2
 respective-

ly (Fig. 2). The results revealed significant 

differences (P>0.05) in the number of visitors 

during the daytime for all plant flowers. 

 

 
 
Figure2. Foraging Activity of bees A. mellifera per 

meter square/second, during different hours of the day 

between flower species. 

 

The results showed a different preference of 

workers A. mellifera to the three plant flow-

ers, where the highest number of bee visitors 

was on M. domestica. P. domestica, then the 

low preference was on P. communis. The re-

sults showed that 145 bees foraged on M. 

domestica while 120 bees on P. domestica 

and 53 on P. communis (Table 1). 

 
Table (1). Preference of bees for a particular plant 

species. 

Plant  Specie  Number of bees 

   P. communis   53.0 
b
 

   M. domestica  145.0
a
 

   P. domestica    120.0
a 

The letters in the same column are nonsignificant differ-

ences (P <0.005) 

The results showed of a low correlation be-

tween amount of nectar secretion and worker 

activity on P. domestica (R
2
= 0.4) while rec-

orded a strong relationship on P. communis 

(R
2
= 0.9) and on M. domestica (R

2
= 0.5) 

 

b. Handling and traveling time: 

The results showed significant differences 

(P>0.05) between handling and traveling 

times at different hours of the day. P. com-

munis recorded the highest mean handling 

time at 8:00 am of (3.7 Sec). On M. domesti-

ca, the highest mean handling time was at 

10:00 am (6.1 Sec) compared with the lowest 
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mean, which was (2.9 Sec) at 4:00 pm. While 

on P. domestica the highest mean handling 

time was (3.5 Sec) at 4:00 am, compared with 

the lowest mean which was (2.5 Sec) at 8:00 

pm. Also the highest mean traveling time 

recorded on P. Communis was (2.1 Sec) at 

10:00 am, compared with the lowest mean 

traveling time at 4:00 pm which was (0.1 

Sec). Also, on M. domestica, the highest 

mean traveling time was recorded at 12:00 

pm (2.2 Sec) compared with the lowest mean, 

which was (1.8 Sec) at 4:00 pm. While on P. 

domestica, the highest mean traveling time 

was (2.0 Sec) at 2:00 am compared with the 

lowest mean, which was (1.0 Sec) at 12:00 

pm.  

 

 
Figure 3 (a) (b).   Comparison between handling time 

and traveling time/seconds of A. mellifera between the 

different times of the day in three flower species, 50 

Flower/day. 

 

The results showed a clear variation in han-

dling times between the visits of bees to the 

three different plant flowers (one-way ANO-

VA), (df=2, F=13.6, P>0.005). The highest 

mean handling time recorded was on M. do-

mestica (6.1 Sec) at 10:00 am compared with 

P. communis, for which at 4:00 pm, a mean 

handling time was not recorded. The results 

also showed a clear variation in traveling 

time with the visits of bees to the different 

three plant flowers (one-way ANOVA), (df 

=2, F=7.9, P>0.005). The highest mean trav-

eling time was recorded at 12 pm on M. do-

mestica (2.2 Sec). While the lowest mean 

traveling time was recorded on P. communis 

(0.1 Sec) at 4:00 pm (Table 2). 

 
Table (2). (Mean ± SE) of handling time and traveling 

time of A. mellifera on three flower Species in (Sec). 

N= number of flowers visited. 

Plant  Flower Handling 

Time (Sec). 

Traveling 

Time (Sec). 

P.  communis               

N(263) 

2.1±0.3b 1.3±0.1b 

M. domestic 
N (725) 

4.5±0.4a 2.0±0.08a 

P.  domestica     

N (4111)  

2.9±0.2b 1.5±0.09b 

The letters in same column are nonsignificant differences (P 

<0.005) 

a. Effects of some climate conditions 

on honey bee workers activity:  

The results showed effects of climate condi-

tions on the same time of the day on flight 

activity. Higher rates of visitor bees were 

recorded in all three plants respectively P. 

communis, M. domestica, p. domestica at 

10:00 am as increases in temperature contin-

ue (31.1
0
C, 26,4

0
C, and 23

0
C). Compared 

with decreases in humidly (22.1%, 26.7%, 

33.0%) respectively on P. communis, M. do-

mestica, P. domestica at 4:00 pm, with the 

lower rates of visitors recorded with decreas-

es in temperatures (22.5
0
C, 23.7

0
C, 21.7

0
C), 

compared to increases in humidity (30.0%, 

35.4%, 29.5%) respectively. The results rec-

orded were significantly different between 

the temperature and the activities of the 

workers on the three flowering plants (df=1 

f=0.65 p=0.4). Also, significant differences 

were recorded between the humidity and the 

activities of the workers on three flower 

plants (df =1 f=0.18 p=0.6). 

DISSCUSION 

The results revealed that the three plants 

showed fluctuation in nectar secretion 

throughout the day, and the weather condi-

tions could potentially be the main reason. 
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This was clear in particular on Apple and 

Pear flowers, and the results agreed with 

(Merti, 2003) who investigated the effect on 

relative humidity on nectar secretion, also 

results by (Corbet, 1978; Park, 1929; Shuel, 

1992) the surrounding humidity effects the 

amount of nectar secretions. 

The increase in temperatures decreases the 

amount of nectar available to bee visitors as 

it increases water evaporation in nectar 

(Corbet, 1990). The results on Pear recorded 

a different phenomenon, which could be the 

result of other factors that govern nectar se-

cretion other than weather conditions. (Raw, 

1953) revealed that the difference in osmosis 

of secretion glands and the common phenom-

enon in some plants’ so-called habitation of 

nectar causes an increase in nectar secretion. 

These findings were presented by (Williams 

& Thomson, 1998) during their study of the 

plant Pentstermon strictus. 

The sex of flowers shows differences in the 

amount of nectar secretion. The female flow-

ers of Lavandula stoechas secret double the 

amount of nectar secreted by male flowers 

(Gonzalez et al., 1995). Also, the flower’s 

age could be a factor behind the amount of 

nectar secretion (Wood, 1961). 

The bees' activities during the daytime show 

dramatic changes during their visit to the 

three plant flowers. The results of the current 

study agreed that bee activity recorded its 

highest rates at 10 am and the lowest rates at 

4 pm. The frequency of bee visits increases to 

the flower area by increasing the number of 

open and containerized flowers for nectar 

(Southwick et al., 1981). When the tempera-

ture drops, it reduces the activity of the bees, 

or it may be absent, as noticed by (Bataw and 

Lamin, 2001) on the Rosmarinus offcinalis. 

The effects of the amount of nectar secreted 

by plant flowers during different hours of the 

day time show a clear difference on the time 

of traveling and handling in particular in Pear 

flowers at 8.00 am when the longest resting 

time was recorded where the amount of nec-

tar is low. The same conclusion was reported 

by (Bataw and Lamin, 2001) during their in-

vestigation of the foraging behavior of Apis 

mellifera on the nectar of Rosmarinus offi-

cialis. While the amount of nectar at 2.00 pm. 

was high, the bees became absent, which 

could be due to the reduction in the nectar 

concentration. In apple flowers, the resting 

time was higher at 10 am with high amounts 

of nectar. 

The preference for honey bees to forage in 

apple flowers, could be due to the fact that 

apple blossoms are more attractive to bees 

than pear blossoms as a result of the sugar 

content. This agrees with other researches 

which mentioned the important of sugar con-

centration (Schneider et al., 2004; Schneider 

et al., 2002; Vansell, 1946). The honey bees 

showed less preference to the flowers of p. 

communis due to the low amount of nectar 

within the flower and the low concentration 

of sugar (Mayer, 1993; Mayer & Lunden, 

1996; McGregor, 1976; Willmer, 2011) also 

pointed out the importance of the location of 

flowers in the branches of trees, which de-

termines the presence and activity of many 

insect pollinators. 

The climatic conditions have a visible effect 

on the visitors’ activity on the flowers. The 

current study showed a significant difference 

in the number of bee visitors during the day 

hours and the relationship between tempera-

tures and relative humidity during the study. 

The highest rates of visits in all plants were 

recorded during average high temperatures 

and low relative humidity. Similar results 

were recorded of the visitors’ activity on the 

flowers, influenced by factors such as tem-

peratures, relative humidity, rain, and wind 

(Thorp & RW, 1979). Little flight activity 

occurs at or below 10
º
C (50 F), while the 

number of bees taking trips increases as the 

temperature continues to rise above (20
º
C) 

(Joshi & Joshi, 2010). 
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الباحثدة عدن الاد اء فد   عسدلشداالات نحدل  عددد عمى المناخية والظروفالرحيق  إفراز آثار دراسة إلىبحث ال هدفي المستخمص:
الد   تسدتارق   وقدتال تسدجيل وتدم ،سداعات النهدار مدن مختمفدةأوقدات  فد الرحيدق  عيندات أخد  تدم مختمفدة، نباتيدة أندواع ثلاثدةأزهدار 

 حجددمتفدداوت  عمددى النهددار سدداعات خددلال إحصدداةية دلالددة  ات فددروق دو وجددبينددت الدراسددة  .النحمددة فدد  الانتقددال مددن زهددرة إلددى أخددر 
ا 40 السداعة عندد الرحيدق مدن كميدة  أعمدى سدجمت ، (P> 0.05) الرحيدق  وأدندى P. domestica (0.5± 0.2) زهدرة فد  صدباحا
المسدجل  الأعمدىالمناولدة  وقدت كدان كمدا(. 03001±  030430) مد صدباحا  1:00 السداعة فد  P.  communis زهدرة عمدىكميدة 
ا 40 السداعة فد  وكدانM. domestica  أزهار نبات ف   ممناولدةل وقدت تسدجيل ماعددان مدن الدرمم وعمدى( ثانيدة 431±  134) صدباحا
عمدد   مسددجللتنقددل النحمددة بددين الأزهددار  وقددت أعمددى أن النتدداة  أظهددرت ،P. communis زهددرة نبددات فدد  مسدداءا  1:00 السدداعة فدد 

 وقتادا سدجل لد  ا   P. Communisزهدرة نبدات مد  مقارندة( ثانية 034±  030) ظهرا 40 الساعة ف  M. domestica نباتأزهار 
 كدان Apis mellifera تفضديل أن أيضدا النتداة  كشدفت  لدك عمدى عدلاوة(. ثانية 034±  034) مساءا  1:00 الساعة ف  لمسفر أقل
 عمدى  المناخيدة الظدروف تدثثيرات بدين إحصداةية دلالدة ( (P> 0.05أن هنداك  لنتداة ا أوضدحت  .M. domesticaزهدرة نبدات عمدى
ين، بينما انخفض عددد الزاةدرات الزاةر  النحل عدد وزيادة الحرارة درجة ارتفاع بينة علاق وجود تر أظه بينما الزيارة، أثناء النحل عدد

 خلال ساعات الدراسة م  انخفاض نسبة الرطوبة.   
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Abstract: The aim of this investigation is identification and classification of Rosmarinus Of-

ficinalis essential oil components by GC-MS and prediction of their antioxidant activity.     

GC-MS analysis of Libyan Rosemary essential oil indicated that in total, 44 compounds were 

detected comprising 98.3% of compounds in the oil. The results also revealed that the oil con-

tained some constituents with great antioxidant activity such as eugenol, (0.04%), dieth-

ylphalate (0.28%), myrtenol (0.46%), γ-Terpinene (2.2%), α – Terpenolene (1.96%), with to-

tal percentage of (4.94%) which was considered to be very small. However, about the half of 

the essential oil contained of constituents with very weak antioxidant activity. These include 

trans-β-caryophinen (2.2%), α- humulene (0.34%), 1.8- cineol (6.15%), 1.8 – cineol isomer 

(11.8%), linalool (3.29%), 4-terpinol (5.65%), 1-α – terpine (7.93%), isoborneol (0.29%), 

perillaldehyde (0.09%), β- citronellal (0.03%), α – pinene (3.4%), comphen (3.04%) and β- 

pinene(4.21 %), our result shows that the essential oil of Libyan Rosemary might have a weak 

antioxidant activity.  
 

Keywords: Rosmarinus Officinalis, essential oils, GC-MS analysis of essential oil, antioxi-

dants. 

 

INTRODUCTION 

Essential oil yield and chemical composition 

vary, considerably due to different factors, 

both intrinsic and extrinsic (Stahl-Biskup, 

2002).Intrinsic factor includes genetic and 

sexual variations, plant organ (roots, leaves, 

stem, etc.), age and vegetative cycle stage. 

On the other hand, extrinsic factors and de-

scribed by ecological and environmental as-

pects such as attitude, soil composition, cli-

mate and light, all these factors can drastical-

ly affect the chemical composition of essen-

tial oils (Stahl-Biskup, 2002). Thus, these 

variations are of distinct important when 

studying the biological activity, such as, anti-

oxidant capacity of essential oils as the de-

gree of activity has to be related to its chemi-

cal composition (Panizzi et al, 1993; Lahlou 

and Berrada, 2003; Alvarez et al., 2019). 

Essential oils are commercially important es-

pecially for the pharmaceutical, cosmetic, 

perfume industries and medical properties, as 

well as in food and beverages, as flavoring 

agents and preservatives (Van De Braak and 

Leijen, 1999; Burt, 2004; Fitsiou et al., 

2016).Nowadays, essential oils and their 

components are gaining increasing attention, 

because of their relatively safe status, their 

https://doi.org/10.54172/mjsc.v35i3.255
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wide acceptance by customers, and the possi-

bility of their exploitation for potential multi-

purpose functional uses (Ormancey et. al., 

2001). In this context, many essential oils and 

constituents have been studied (Ruberto and 

Barata, 2000; Nieto et al., 2018).For natural 

antioxidants with the virtue of being non-

toxic has given rise to a large number of stud-

ies on the potential of the essential oils of 

several aromatic plants, among them, Rose-

mary. (Miura et al, 2002; Wang et al, 2008; 

Ojeda et al., 2013; Alvaraz et al., 2019). 

In Libya, the Al-Jabal Al-Akhdar mountain, 

which is a region located in the North-East of 

Libya, is a rich habitat of many aromatic 

plants that grow wild, among them Rosemary 

Officinalis. These aromatic plants are used 

fresh or dry as spicy herbs, in many Libyan 

dishes, and for medical purposes (Jafri and 

El-Gadi, 1985). So, the aim of this study is 

extraction of the essential oils of Libyan 

Rosemary Officinalis by hydro-distillation, 

identification and classification of its chemi-

cal constitutes by using gas chromatography 

coupled to mass spectroscopy (GC-MS) and 

the prediction of its antioxidant activity. 

 

MATERIALS AND METHODS 

Chemical and reagent: All chemicals and re-

agents were highly pure which purchased from 

Fisher scientific (Loughborough, UK) and 

Sigma-Aldrich (Pool, Dorset, UK). 

Plant material: Leaves of wiled plant Rosma-

rinus Officinalis (Rosemary) were collected 

during the flowering stage in April 2019) at Al-

Jabal Al-Akhdar region in North-East of Libya, 

specimens of collected plant were confirmed 

and deposited at the Herbarium of the depart-

ment of Biology, University of Tripoli, Libya. 

The fresh sample were frozen in sealed sample 

bags at -18Cº till extraction. 

Essential oil extraction: The classic method-

ology of hydro-distillation using Clevenger-

type apparatus was used for the isolation of the 

essential oil from rosemary (Rosmarinus Offic-

inalis). The fresh leaves of the aromatic plants 

(100 g) were blended with water (1500 ml) in a 

blender. The mixture was transferred into the 

hydro-distillation unit for 3-4 hours, until no 

more essential oil was obtained. The essential 

oil was separated from water, dried over anhy-

drous sodium sulphate and stored in sealed air-

tight amber glass flasks at 4Cº until analyzed 

(Daferera et al, 2003). 
 

Identification of essential oil by gas chroma-

tography mass spectroscopy (GC-MS): Es-

sential oil of Libyan Rosemary obtained by hy-

dro-distillation was analyzed, and their constit-

uents identified using GC-MS. The analysis 

was performed using a Shimadzu GC-MS-QP 

5050 A, software class 5000, with a DBI col-

umn (30m x 0.53 m i.d), 1.5 µm film thickness. 

The carrier gas was helium (flow rate 

1ml/min). For GC-MS detection, an electron 

ionization mode (EI) with ionization energy 

70ev was used. The temperature program as 

follows: 30Cº (static, for 2 min) then gradually 

increasing (at a rate of 2Cº/min) up to 250Cº 

(static for 5 min). Injector temperature was 

280Cº.  Qualitative identification of the essen-

tial oil constituents was achieved using a willey 

299 LIB database, and by comparing mass 

fragmentation patterns with those from the 

available published data. Quantitative estima-

tion of the volatile constituents was determined 

by computerized peak are measurements using 

an internal normalization method. This analysis 

was carried out on the Regional Center for My-

cology and Biotechnology, Al-Azhar universi-

ty, Cairo (Egypt). 

RESULTS AND DISCUSSION 

The yield of the essential oil from R. Offici-

nalis growing wild in Libya was 0.47% ± 

0.18%, on a dry weight basis. This yield is 

slightly higher than those obtained from the 

wild Portuguese R. Officinalis 0.3% (Mata et 

al., 2007). However, it was lower than these 

obtained from Egyptian cultivated R. Offici-

nalis 1.2% (Viud-Martos et al., 2010). Serbian 

R. Officinalis 1.18% (Bozin et al ., 2007) and 
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also Tunisian wild R. Officinalis 1.2% (Hosni 

et al., 2013). It is quite often that the yield of 

essential oil is affected by many factors, 

among them the species of the plant, the part 

of the plant and  geographical and climate 

conditions (Sthl-Biskup, 2002). 

GC-MS analysis of Libyan essential oils 

from R. Officinalis  To rationalise the antioxi-

dant activity of Libyan endemic plant R. Offic-

inalis, it is necessary to address composition, 

which to the best of our knowledge has not 

been studied before. Compound identification 

was carried out using GC-MS. GC-MS analysis 

of the Libyan essential oil indicated that in to-

tal, 44 compounds were detected in rosemary 

oil comprising more than 98.3% of total com-

pounds in the oil.The pattern of chemical con-

tents of R. officinalis essential oils indicated 

that this oil were complex mixtures of several 

compounds. For this reason, the components 

were divided into six classes, namely monoter-

penes hydrocarbons, oxygenated monoter-

penes, sesquiterpenes hydrocarbons, oxygenat-

ed sesquiterpenes, heterogeneous hydrocarbons 

and oxygenated heterogeneous hydrocarbons. 

GC-MS analysis of Libyan R. officinalis es-

sential oil 

    

1. Monoterpene hydrocarbons 

The results showed that the monoterpene hy-

drocarbons group of the R. officinalis oil from 

Libya consisted of eight compounds (table 1) 

and represented 25.5% of the contents. 

The highest content was of the β-pinene isomer 

and the lowest content was of γ-terpene. Alt-

hough the monoterpene hydrocarbons group 

makes up about a quarter of the total contents 

of the oil, the compounds in this group were 

found in small concentration.In addition, this 

group of compounds contained some constitu-

ents that could be considered to be active as 

antioxidants, ranging from very weak to very 

strong (Ruberto and Baratta, 2000; Wang et al., 

2008). γ-Terpinene and α-terpinolene, which 

are known to be strong antioxidant compounds, 

were found in small quantities, whereas α-

pinene, camphene and β-pinene were found in 

measurable amounts in this group, but they are 

characterized by their very weak antioxidant 

activity. 

Table:(1). Monoterpene hydrocarbons identified by GC-

MS analysis of Libyan R. officinalis essential oil. 

R
etention tim

e 

(m
in) 

M
olecular ion 

M
+

 

Base 

Peak 

Chemical 

compound 

Molecular 

formula 

P
ercentag

e %
 

13.15 136 93 α-pinene C10H16 3.4 

13.44 136 93 α-pinene 

isomer 

C10H16 3.17 

13.59 136 93 camphene C10H16 3.04 

13.82 136 93 camphene 

isomer 

C10H16 2.87 

14.28 136 93 1-β-pinene C10H16 4.29 

14.47 136 93 1-β-pinene 

isomer 

C10H16 4.61 

15.93 136 93 γ-terpinene C10H16 2.2 

16.96 136 93 α-terpinolene C10H16 1.96 

Number of identified compounds  8 

Percentage of the total composition 25.54

% 

 

2. Oxygenated monoterpenes 

The oxygenated monoterpenes group (table 2) 

was found to be the most representative group 

of the compounds present in the Libyan 

rosemary oil, representing 66.33% and 

containing 23 compounds.  

Camphor was at the highest level (16.07%) in 

rosemary oil followed by the 1, 8-cineol 

isomer (11.8%). On the other hand, only a 

very a small amount of thymol was identified 

(0.2%) and there was a complete absence of 

carvacrol. Thymol and carvacrol are 

considered to be the most powerful members 

of this group responsible for the antioxidant 

activity of most essential oils (Youdim et al., 

2002; Lee et al., 2005).  

Furthermore, the results showed that this 

group (oxygenated monoterpenes) also 

contained a reasonable number and amount of 

compounds with very weak antioxidant 

activity. Such components are 1, 8-cineol, 1,8-
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cineol isomer, 4-terpineol, 1-α-terpineol, and 

very small amount of isoborneol and β-

citronellal.  

These results correspond well with the results 

obtained by Okoh et al. (2010) who found 

oxygenated monoterpenes and monoterpenes 

were the major constituents in R. officinalis 

oil. In plant essential oils, oxygenated 

monoterpenes and monoterpenes are mainly 

responsible for most of the antioxidant 

activities (Ruberto and Baratta, 2000). 
 

Table:(2). Oxygenated monoterpenes identified by GC-

MS analysis of Libyan R. officinalis essential oil. 
 

R
etention 

tim
e (m

in) 

M
olecular 

ion M
+

 

Base 

Peak 

Chemical 

compound 

Molecular 

formula 

P
ercentage 

%
 

15.39 154 43 1,8-cineole C10H18 O 6.15 

16.06 154 43 1,8-cineole 

isomer 

C10H18 O 11.8 

16.81 154 93 linalool C10H18 O 3.29 

18.04 152 108 α-pinene oxide C10H16 O 0.42 

18.38 152 95 camphor C10H16 O 16.07 

19.39 152 95 comphor 

isomer 

C10H16 O 2.01 

19.55 150 81 pinocarvone C10H14 O 4.35 

19.85 152 55 bicyelomonoter

pene ketone 

C10H16 O 2.11 

20.15 154 71 4-terpineol C10H18 O 5.65 

20.46 154 59 1-α-terpineol C10H18 O 7.93 

20.93 150 95 monoterpene 

ketone 

C10H14O 3.49 

21.91 152 95 camphor 

isomer 

C10H16 O 0.22 

22.18 152 79 myrtenol C10H16 O 0.46 

22.60 152 69 aldehyde C10H16 O 0.16 

22.72 150 95 unsaturated 

ketone 

C10H14 O 0.42 

23.27 154 95 isoborneol C10H18 O 0.29 

23.87 196 95 endobornyl 

acetate 

C12H2O2 0.95 

24.18 150 135 thymol C10H14 O 0.2 

25.07 154 41 dihydrocarvacrol C10H18 O 0.12 

25.43 150 67 prillaldehyde C10H14 O 0.09 

25.77 150 121 aldehyde C10H14 O 0.11 

26.32 156 41 β-citronellal C10H20 O 0.03 

27.83 164 43 monoterpene 

oxide 

C10H12O2 0.01 

Number of identified compounds  23 

Percentage of the total composition 66.33% 

 

3. Sesquiterpene hydrocarbons 

The sesquiterpene hydrocarbons group (Table 

3) comprised of 3 compounds at a low 

percentage (2.62%) of the oil constituents. 

This group contained two weak antioxidant 

compounds, trans-β-caryophyllene and 

humulene. 
 

Table:(3). Sesquiterpene hydrocarbons identified by 

GC-MS analysis of Libyan R. officinalis essential oil. 
 

R
etention tim

e 

(m
in) 

M
olecular ion 

M
+

 

Base 

Peak 

Chemical 

compound 

Molecular 

formula 

P
ercentag

e %
 

32.1 204 41 trans-β-

caryophyllene 

C15H24 2.2 

33.93 204 93 α-humulene C15H24 0.34 

37.37 204 161 α-amorphene C15H24 0.08 

Number of identified compounds 3 

Percentage of the total composition 2.62% 

 

4. Oxygenated sesquiterpene and 

heterogeneous hydrocarbon 

The oxygenated sesquiterpene and 

heterogeneous hydrocarbon groups (table 4) 

consisted of two compounds each, spathulenol 

and δ-cadinol, and nonane and 3,4-octadiene-

7-me respectively. 

Table:(4). Oxygenated sesquiterpenes and 

heterogeneous hydrocarbons identified by GC-MS 

analysis of Libyan R. officinalis essential oil. 

 

R
etention 

tim
e (m

in) 

M
olecular 

ion M
+

 

Base 

Peak 

Chemical 

compound 

Molecular 

formula 

P
ercentag

e 

%
 

Oxygenated sesquiterpenes 

41.65 220 41 spathulenol C15H24 O trace 

46.63 222 161 δ-candinol C15H26 O 0.21 

Number of identified compounds  2 

Percentage of the total composition 0.21 

Heterogeneous hydrocarbons   

9.43 128 43 nonane C9 H2O trace 

11.87 124 67 3,4-octadiene-

7-me 

C9 H16 0.02 

Number of identified compounds  2 

Percentage of the total composition 0.02 % 
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5.Oxygenated heterogeneous 

hydrocarbons 

The final group is the oxygenated 

heterogeneous hydrocarbons (table 5) 

consisting of 7 compounds representing 3.6% 

of the oil. This group contained very important 

compounds with very high antioxidant 

activity, namely eugenol and diethyl phthalate, 

present in relatively small amounts but 

probably affecting the overall antioxidant 

activity of this oil.  
 

Table:(5). Oxygenated heterogeneous hydrocarbons 

identified by GC-MS analysis of Libyan R. officinalis 

essential oil. 
 

R
etention 

tim
e (m

in) 

M
olecular ion 

M
+

 

Base 
Peak 

Chemical 
compound 

Molecular 
formula 

P
ercentag

e %
 

5.68 86 41 3-me-butanol C5H10 O 0.02 
14.8 128 57 1-octen-3-ol C8H16O 2.13 
26.9

2 
164 164 eugenol C10H12 O 0.04 

28.53 178 178 me eugenolate C11H14 O2 0.53 
40.05 222 149 diethyl 

phthalate 
C12H14O2 0.28 

68.20 278 149 1,2-
benzenedicrbo

xylic 
acidbutyl-2-

meththyprolyl 
ester 

C16H22O4 0.54 

74.87 390 149 1,2-
benzenedicrbo
xylic acid bis 
(2-ethylhexyl 

ester) 

C24H38O4 0.03 

Number of identified compounds  7 
Percentage of the total composition 3.51

% 

 

Several reports have been published (Wang et 

al., 2008; Viuda-Martos et al., 2010) 

concerning the composition of R. officinalis 

essential oil; these reports have emphasized 

the extent of marked chemical differences 

among essential oils extracted from the same 

species. These differences in the chemical 

composition of R. officinalis oil can be 

attributed to the part of the plant extracted, the 

season of harvesting, the geographical origin 

and the method of extraction (Ravid and 

Putrisky, 1986; Mueller-Riebau et al., 1997; 

Jordan et al., 2006; Bakkali et al., 2008). 

The results of the GC-MS analysis in the 

current study were in good agreement with the 

results obtained by Soliman et al. (1994), who 

found that rosemary oil comprised 43% 

compounds. However, some differences were 

noticed with regards to the number and 

quantity of some compounds in rosemary oils 

studied from different regions, such as the 

cultivated Egyptian rosemary oil, when 

analysed 27 compounds were identified 

representing 90.2% of the total oil, the major 

constituents were 1,8-cineole (23.59%), 

camphor (20.70%) and α-pinene (18.21%) 

(Viuda-Martos et al., 2010), and the Spanish 

southern R. officinalis oil when investigated by 

Tomeia et al. (1995), they found the main 

components to be camphor (32.33%), 1,8-

cineole (14.41%), and α-pinene (11.56%). The 

geographical location of where the plant grows 

can contribute to the content and quality of 

essential oils (Stahl-Biskup, 2002). 

Earlier data pertaining to the rosemary 

essential oils has pointed out the difference 

between the Morocco/Tunisian chemotype 

(containing 38-55% of 1, 8-cineol) and the 

Spanish chemotype characterized by high 

amount of the monoterpene hydrocarbons, α-

pinene (18-26%), camphene (8-12%) and 1, 8-

cineol (16-25%) (Bozin et al., 2007). 

However, the essential oil obtained from 

rosemary growing wild in Libya investigated 

here, has a specific chemical composition, 1, 

8-cineol (6.15%), α-pinene (3.4%) and 

camphene (3.04%) that could not be 

categorized in one of the two previously 

described chemotypes.  
 

Finally, the differences in the number and type 

of the compounds in the essential oils of R. 

officinalis could lead to differences in their 

antioxidant activities and should be taken into 

consideration when studying the antioxidant 

potential of the essential oil. In addition, the 

results of the essential oil composition give us, 

to some extent, a prediction about whether an 

oil has a strong or weak antioxidant activity. 
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The oil under investigation contained some 

constituents with great antioxidant activity 

such as eugenol, (0.04%), diethyl phtalate 

(0.28%), myrteol (0.46%), γ-terpinene (2.2%), 

α-terpenolene (1.96%), with a total percentage 

of (4.94%) which was considered to be very 

small. However, about half of the essential oil 

contained constituents with a predicted very 

weak antioxidant activity. These included 

trans-β-caryophlene (2.2%), α-humulene 

(0.34%), 1,8-cineol (6.15%), 1,8-cineol isomer 

(11.8%), linalool (3.29%), 4-terpineol 

(5.65%), 1-α-terpine (7.93%), isoborneol 

(0.29%), prillaaldehyde (0.09%), β-citronellal 

(0.03%), α-pinene (3.4%), camphene (3.04%) 

and  β-pinene (4.29%). Based on the data 

published by Ruberto and Baratta (2000), 

Youdim et al., (2002) and Wang et al. (2008) 

the essential oil of Libyan rosemary oil might 

have a weak antioxidant activity. 

CONCLUSION 

Rosmarinus Officinalis essential oil grow wild 

in Libya, is a mixture of 44 compounds, includ-

ing a group of six classes namely, Monoter-

penes Hydrocarbons, Oxygenated Monoter-

penes, Sesquiterpenes Hydrocarbons, Oxygen-

ated Sesquiterpenes, Heterogeneous Hydrocar-

bons. This oil might have a weak antioxidant 

activity according to its chemical constituents, 

where the content of the phenolic compounds 

which are considered being strong antioxidants 

too low, (Thymol, 0.2% and the absent of Car-

vacrol, 0.0%). However, attention should be 

paid to study its extracts of Rosmarinus Offici-

nalis plant using different solvents for extrac-

tion. 

ETHICS 

The authors declare no conflict of interest. 

REFERENCES 

Alvarez, María & Ortega Ramirez, Luis & 

Silva-Espinoza, Brenda & Aguilar, 

Gustavo & Ayala-Zavala, J. Fernando. 

(2019). Antimicrobial, antioxidant, and 

sensorial impacts of oregano and 

rosemary essential oils over broccoli 

florets. Journal of Food Processing and 

Preservation. e13889. 

10.1111/jfpp.13889. 

Bakkali, F., Averbeck, S., Averbeck, D. and 

Waomar, M. (2008). Biological effects 

of essential oils - A review. Food and 

Chemical Toxicology, 46, 446-475. 

Bozin, B., Mlmica-Dukic, N., Samojlik, I. and 

Jovin, E. (2007). Antimicrobial and 

antioxidant properties of rosemary and 

sage (Rosmarinus officinalis L. and 

Salvia officinalis L., lamiaceae) 

essential oils. Journal of Agricultural 

and Food Chemistry, 55, 7879-7885. 

Burt, S. 2004. Essential oils: their antibacterial 

properties and potential applications in 

foods - a review. International Journal 

of Food Microbiology, 94, 223-253. 

Daferera, D. J., Ziogas, B. N. and Polissiou, M. 

G. 2003. The effectiveness of plant 

essential oils on the growth of Botrytis 

cinerea, Fusarium sp and Clavibacter 

michiganensis subsp michiganensis. 

Crop Protection, 22, 39-44. 

Fitsiou, Eleni & Anestopoulos, Ioannis & 

Chlichlia, Katerina & Galanis, Alex & 

Kourkoutas, Yiannis & Panayiotidis, 

Mihalis & Pappa, Aglaia. (2016). 

Antioxidant and Antiproliferative 

Properties of the Essential Oils of 

Satureja thymbra and Satureja 

parnassica and their Major Constituents. 

Anticancer Research.  

Hosni, K., Hassen, I., Chaabane, H., Jemli, M., 

Dallali, S., Sebei, H. and Casabianca, 

H. 2013. Enzyme-assisted extraction of 

essential oils from thyme (Thymus 

capitatus L.) and rosemary (Rosmarinus 

officinalis L.): Impact on yield, 



Al-Mukhtar Journal of Sciences 35 (3): 111-118, 2020 

 

© 0606 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 

ISSN:  online 2617-2186           print 2617-2178 

187 

chemical composition and antimicrobial 

activity. Industrial Crops and Products, 

47, 291-299. 

Jafri, S. M. H. and El-Gadi, A. 1985. Flora of 

Libya., Tripoli, Libya, Department of 

Botany, Al- Faateh Univ. 

Jordan, M. J., Martinez, R. M., Goodner, K. L., 

Baldwin, E. A. and Sotomayor, J. A. 

(2006). Seasonal variation of Thymus 

hyemalis Lange and Spanish Thymus 

vulgaris L. essential oils composition. 

Industrial Crops and Products, 24, 253-

263. 

Lahlou, M. and Berrada, R. (2003). 

Conmposition and niticidal activity of 

essential oils of three chemotypes of 

Rosmarinus officinalis L. acclimatized 

in Morocco. Flavour and Fragrance 

Journal, 18, 124-127. 

Lee, S. J., Umano, K., Shibamoto, T. and Lee, 

K. G. (2005). Identification of volatile 

components in basil (Ocimum basilicum 

L.) and thyme leaves (Thymus vulgaris 

L.) and their antioxidant properties. 

Food Chemistry, 91, 131-137. 

Mata, A. T., Proenca, C., Ferreira, A. R., 

Serralheiro, M. L. M., Nogueira, J. M. 

F. and Araujo, M. E. M. (2007). 

Antioxidant and 

antiacetylcholinesterase activities of 

five plants used as Portuguese food 

spices. Food Chemistry, 103, 778-786. 

Miura, K., Kikuzaki, H. and Nakatani, N. 

(2002). Antioxidant activity of chemical 

components from sage (Salvia 

officinalis L.) and thyme (Thymus 

vulgaris L.) measured by the oil 

stability index method. Journal of 

Agricultural and Food Chemistry, 50, 

1845-1851. 

Mueller-Riebau, F. J., Berger, B. M., Yegen, O. 

and Cakir, C. (1997). Seasonal 

variations in the chemical compositions 

of essential oils of selected aromatic 

plants growing wild in Turkey. Journal 

of Agricultural and Food Chemistry, 

45, 4821-4825. 

Nieto, Gema & Id, Gaspar & Ros, Gaspar & 

Castillo, Julián. (2018). medicines 

Antioxidant and Antimicrobial 

Properties of Rosemary (Rosmarinus 

officinalis, L.): A Review. Medicines. 

5. 10.3390/medicines5030098.  

Okoh, O. O., Sadimenko, A. P. and Afolayan, 

A. J. 2010. Comparative evaluation of 

the antibacterial activities of the 

essential oils of Rosmarinus officinalis 

L. obtained by hydrodistillation and 

solvent free microwave extraction 

methods. Food Chemistry, 120, 308-

312. 

Ojeda, Adriana & Van Baren, Catalina & 

Elechosa, Miguel & Juárez, Miguel & 

Moreno, Silvia. (2013). New insights 

into antibacterial and antioxidant 

activities of rosemary essential oils and 

their main components. Food Control. 

31. 189–195. 

10.1016/j.foodcont.2012.09.022. 

Ormancey, X., Sisalli, S. and Coutiere, P. 2001. 

Formulation of essential oils in 

functional perfumery Parfums, 

Cosmetiques, Actualites., 157, 30-40. 

Panizzi, L., Flamini, G., Cioni, P. L. and 

Morelli, I. (1993). Composition and 

antimicrobial properties of essential oils 

of four Mediterranean Lamiaceae. 

Journal of Ethnopharmacology, 39, 

167-170. 



Al-Mukhtar Journal of Sciences 35 (3): 111-118, 2020 

 

© 0606 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 

ISSN:  online 2617-2186           print 2617-2178 

188 

Ravid, U. and Putievsky, E. (1986). Carvacrol 

and thymol chemotypes of East 

Mediterranean wild Labiatae herbs. In: 

Brunke, E. J. (ed.) Progress in Essential 

Oil Research. New York: de Gruyter, 

Berlin. 

Ruberto, G. and Baratta, M. T. (2000). 

Antioxidant activity of selected 

essential oil components in two lipid 

model systems. Food Chemistry, 69, 

167-174. 

Stahl-Biskup, E. (2002). Essential oil chemistry 

of the genus Thymus – a global view. 

In: Stahl-Biskup, E. and Sáez, F. (eds.) 

The genus thymus. New York: CRC 

Press  

Soliman, F. M., El-Kashoury, E. A., Fathy, M. 

M. and Gonaid, M. H. (1994). Analysis 

and biological activity of the essential 

oil of Rosmarinus officinalis L. from 

Egypt. Flavour and Fragrance Journal, 

9, 29-33. 

Tomeia, P. E., Cionib, P., Flaminib, G. and 

Stefanic, A. (1995). Evaluation of the 

Chemical Composition of the Essential 

Oils of Some Lamiaceae from Serrania 

de Ronda (Andaluçia, Spain). Journal 

of Essential Oil Research, 7, 279-282. 

Van De Braak, S. a. a. J. and Leijten, G. C. J. J. 

(1999). Essential oils and oleoresins: a 

survey in the Netherlands and other 

major markets in the European Union. 

CBI, Centre for the Promotion of 

Imports from Developing Countries, pp. 

116. 

Villiere, A., Viau, M., Bronnec, I., Moreau, N. 

and Genot, C. (2005). Oxidative 

stability of bovine serum albumin- and 

sodium caseinate-stabilized emulsions 

depends on metal availability. Journal 

of Agricultural and Food Chemistry, 

53, 1514-1520. 

Wang, W., Wu, N., Zu, Y. G. and Fu, Y. J. 

(2008). Antioxidative activity of 

Rosmarinus officinalis L. essential oil 

compared to its main components. Food 

Chemistry, 108, 1019-1022. 

Youdim, K. A., Deans, S. G. and Finlayson, H. 

J. )2002(. The antioxidant properties of 

thyme (Thymus zygis L.) essential oil: 

an inhibitor of lipid peroxidation and a 

free radical scavenger. Journal of 

Essential Oil Research, 14, 210-215. 

 

 

 



0606, 118-111(: 5) 53هجلة الوختار للعلوم   

 

 قسن علوم وتقنية الأغذية, كلية الزراعة, جاهعة عوز الوختار, البيضاء, ليبيا  science.abu@gmail.com  ابوبكز الوبزوك الونصوري*

189 

تعريف وتصنيف المركبات الكيميائية لزيت نبات الإكميل النامي طبيعياً بمنطقة الجبل الأخضر والتكهن بالتأثير 
 المضاد للاكسدة لمكوناته

 1، فهيم عبدالكريم بن خيّال 2، سهام حمد الصغير1، بوبكر المبروك المنصوري¹وصال حسن العجيمي

 جامعة عمر المختار، البيضاء، ليبياقسم عموم وتقنية الأغذية، كمية الزراعة،  1
 قسم الكيمياء، كمية التربية، جامعة عمر المختار، البيضاء، ليبيا 2

 2626نوفمبر  36/ تاريخ القبول:  2626أكتوبر  66تاريخ الاستلام: 
Doi: oi.org/10.54172/mjsc.v35i3.255https://d 

 

 Rosmarinusيهدددهذ  دددذا الب دددع فلدددن التعدددرذ وتلدددنيذ المكونددداط الكيمياتيدددة لمزيدددط ال يدددار لنبددداط ا كميدددل  المستتتتخم    

Officinalis ليبيدا  باسدتخهام كروموتوجرافيدا ال داز المدهمف ب يدذ الكتمدة   –( الندام   بيعيداب بمن قدة الجبدل الأخضدرGC-MS)، 
مركد   44التكهن بالنشا  المضاه للأكسده  لهدذا المكونداط  أوضد ط النتداتف أن الزيدط ال يدار لنبداط ا كميدل ي تدو  عمدن وكذلك 

% من فجمال  المركباط الموجدوه  فد  الزيدط  كمدا بيندط النتداتف وجدوه بعدا المكونداط ذاط النشدا  3 .3كيميات ، شكمط  وال  
 eugenol ،(0.04%) ،diethylphalate ،(0.28%) ،myrtenol العدددددددال  كمضددددددداهاط للأكسددددددده   شدددددددممط كدددددددل مدددددددن مركددددددد 

،(0.46%)  ،γ-Terpinene  ,(2.2%)  ،α – Terpenolene  ،(1.96%)   مدن فجمدال  34 4، ومجموعهدا شدكل  دوال )%
  الضدددعيذ مكونددداط الزيدددط المتعدددرذ عميهدددا  و ددد  تعتبدددر نسدددبة ضدددتيمة جدددهاب  ومدددن النا يدددة الأخدددر ، شدددكمط المركبددداط ذاط النشدددا

 trans-β-caryophinen% مددن فجمددال  المركبدداط المتعددرذ عميهددا و ددذا شددممط مركبدداط كددل مددن،56كمضدداهاط للأكسدده   ددوال  
(2.2%) ،α- humulene (0.34%) ،1.8- cineol (6.15%) ,1.8 – cineol isomer (11.8%) ،linalool (3.29%) ,

4-terpinol (5.65%) ،α – terpine (7.93%) ،isoborneol (0.29%) ،perillaldehyde (0.09%) ،β- citronellal 
(0.03%) ,α – pinene (3.4%) ،comphen (3.04%)  و ،β- pinene (4.21 %) أظهدرط النتداتف أن الزيدط ال يدار   

 لنباط ا كميل النام   بيعياب بمن قة الجبل الأخضر ربما يكون له تأثير ضعيذ كمضاه للأكسه   

 لمزيط ال يار، مضاهاط الأكسه    GC-MSنباط ا كميل، الزيط ال يار، ت ميل :  ةالكممات المفتاحي
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Abstract: This study was conducted to evaluate the antioxidant activity-synergistic effects of 

Thymol and Carvacrol using Three assays DPPH, FRAP, and TEAC. In the DPPH
 
assay Car-

vacrol, Thymol and Carvacrol-Thymol mixture had scavenging activity and this activity in-

creasing by increasing concertation from 50 to 1000ppm. Carvacrol showed a strong antioxi-

dant activity than Thymol, and no synergistic effect in their mixture at tested concertation. In 

FRAP assay, Carvacrol had the highest antioxidant activity as in DPPH assay result. Howev-

er, the mixture of Carvacrol and Thymol showed a higher reducing power than Thymol and 

no synergistic effect observed. In TEAC assay, Carvacrol showed a great quenching ability of 

ABTS radical cation than Thymol and the mixture both. The Carvacrol content in the mixture 

could be responsible for this higher antioxidant activity and there was no clear synergistic ef-

fect. These findings support that essential oils always contain a mixture of different chemical 

compounds. In addition to the major compounds, minor compounds may make a significant 

contribution to the total oil antioxidant activity.  

 

Keywords: Thymol; Carvacrol; Synergistic effect; antioxidant; Thyme essential oil. 

 

INTRODUCTION 

Essential oils are volatile, natural, complex 

mixtures characterized by strong odour and 

are formed by aromatic plants as secondary 

metabolites. (Ramawat and Merillon,2013; 

Alvarez et al., 2019) 

At present, approximately 3000 essential oils 

are known, 300 of which are commercially 

important especially for the pharmaceutical, 

cosmetic, perfume industries and medical 

properties as well as in food and beverages as 

flavoring agents and preservatives (Van de 

Braak and Leijten, 1999; Burt,2004; Nieto et 

al,.2018). The latest property regard to the 

use of essential oils as natural antioxidants in 

this context since 1938 when the earliest re-

ports on antioxidant from spices in a patent 

by Maveety (Maveety,1938).  

Up to now, thousands of studies have been 

carried to study the antioxidant activity of 

several essential oils of aromatic plants. Par-

ticularly, members of Lamiaceae family. 

Such as Sage, Rosemary, Thyme, Clove, 

Oregano, ...etc. (Yanishlivea et al., 1999; 

Dang et al., 2001; Youdim et al., 2002 Wang 

et al., 2008 Niteo et al., 2018). Essential oils 

are very complex natural mixtures which 

contain about 20-60 components at quite dif-

ferent concertation. They are characterized by 

two or three major components at fairly high 

concentration (20-70%) compared to other 

https://doi.org/10.54172/mjsc.v35i3.271
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v35i3.271&amp;domain=pdf&amp;date_stamp=2008-08-14
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components present in trace amounts. 

.(Bakkali et al., 2008). Generally, these major 

components determine the biological proper-

ties such as antioxidants activities of the es-

sential oils, and might speculate if their anti-

oxidant effects are the result of a synergism   

of all molecules or reflect only the main mol-

ecules present at the highest levels (Ipeke et 

al., 2005; Nieto et al.,2018). Carvacrol and 

Thymol have been reported by many authors 

to have a very high antioxidant activity and 

they were responsible for most of the antiox-

idant activity of essential oils of Lamiaceae 

family members (Jukic and milos, 2005; 

Kulisic et al., 2005; Chizolla et al., 2008). 

 

It is established that Thymol and Carvacrol 

are considered as the most common effective 

free radical scavengers (Jamli et al., 2012). It 

is thought that the hydroxyl group in Thymol 

and Carvacrol (Figure 1) is usually the site of 

hydrogen donation. 

 

 
Figure: (1). Chemical structure of thymol and carvacrol 
 

However, the literature contains conflicting 

observation regarding to Thymol and Car-

vacrol antioxidant activities. (Yanishliva et 

al., 1999; Youdim et al., 2002; Teixeria et 

al.,2013) reported that Thymol had a higher 

antioxidant activity than Carvacrol, whereas 

some other studies found that Carvacrol had a 

stronger antioxidant activity than obtained 

with Thymol (Yanishliva et al., 1999; Ruber-

to and Barata, 2000; Miguel et al., 2003; Ja-

mali et al.,2012). The contradiction could be 

due to methodological variations in the dif-

ferent assays used. In addition, a synergistic 

effect was observed by (Puertas-Majia et al, 

2002) between Thymol and Carvacrol in mix-

ture at ratio of 1:1 when tested in bulk oil. An 

increase in the antioxidant activity by 25% 

was noticed. On the other hand, (Miguel et 

al.,2003) reported that no synergistic activity 

was between Thymol and Carvacrol. Due to 

this contradiction in previous published data 

the objective of this study to determine the 

antioxidant activities of Thymol and Car-

vacrol and mixture (1:1 ratio) of both using 

DPPH, FRAP and TEAC assays. 

Particularly, these two compounds have been 

found in the Libyan Thyme (Thymus Capita-

tus). Growing wide in  Al-jabal Al-Akhdar 

region.  

MATERIALS AND METHODS 

Chemical and reagents: Folin-Ciocalteu rea-

gent, anhydrous sodium carbonate, butylated 

hydroxyanisole (BHA), sodium acetate trihy-

drate, 2,4,6-Tripyridyl-5-Triazin (TPTZ), gallic 

acid, Potassium Persulphate, Disodium Hydro-

gen Phosphate. Ferric Chloride Hexahydrate, 

Thymol, Carvacrol were purchased from Sig-

ma-Aldrich (Poole, Dorset, UK). 2,2-Diphenyl-

1-Picrylhydrazyl free radical (DPPH
‧

), 2,2-

Azino-Bis (3-Ethylbenzothiazoline-6-Sulfonic 

acid) Diammonium salt(ABTS) and (±)-6-

Hydroxy-2,5,7,8-Tetramethylchromane-2-

Carboxylic acid (Trolox) were obtained from 

Merck chemicals Ltd. (Darmstadt, Germany). 

DPPH radical scavenging activity assay: The 

radical scavenging activity of Thymol and Car-

vacrol was measured using the stable radical 

2,2-Diphenyl-1-Picrylhydrazyl as described by 

(Chizzola et al.,2008). Each sample (4 ml) dis-

solved in ethanol at different concentrations 

(50, 250, 500, 1000 ppm) was mixed with 

DPPH
‧

 (1 ml, 0.1 mM).  BHA was used as a 

standard at the same concentration at the sam-

ples. The reduction of the DPPH
‧

 free radical 

measured after incubation at room temperature 

for 30 mins. the absorbance was read at a 
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wavelength of 517 nm against a blank (4 ml 

ethanol mixed with 1 ml of (0.1mM) DPPH
‧

 

solution).  

DPPH
‧

, a purple coloured, stable free radical 

is reduced to yellow coloured diphenylpi-

crhyldrazine when antioxidants are added. The 

inhibition ratio (%) was calculated from the 

following equation. 

 
          

 
[                                                   ]     

                     
 

     

 

The assay was conducted in triplicate, and re-

sults were calculated as mean ± standard devia-

tion (SD). 

  
Ferric Reducing Antioxidant Power (FRAP) 

assay: The total antioxidant potential of Thy-

mol and Carvacrol was determined by means of 

the ferric reducing antioxidant power assay us-

ing the Benzi and Strain (1996) method. For 

the assay, serial dilutions of Thymol and Car-

vacrol in Ethanol (100ml) were prepared at 

(50,100,250,500,1000 ppm), and mixture of 

both compounds at the same concentration as 

each one individually was made and tested for 

synergism effect. A working reagent was pre-

pared by mixing acetate buffer (25 ml ,  PH 3.6 

) with TPTZ (2.5 ml of 10 mM) in HCL (40 

mM) and freshly prepared solution of 20 mM 

Fecl3.6H2O (2.5 ml). the diluted sample (50µl) 

was mixed with working reagent (3 ml ). After 

8 min of incubation at 37cº the absorbance was 

measured at wavelength of 593 nm. 

A standard curve (Figure 2) was prepared using 

different concentrations of Trolox in ethanol 

(50-1000 mg/ml). 

The results were corrected for dilution and ex-

pressed as mM of Trolox equivalents/l of sam-

ples. 

The experiment was performed in three replica-

tions and results were expressed as mean ± 

standard deviation (SD). 

 

 

Figure: (2). (FRAP) Standard curve for trolox at range 

of concentrations (50-1000 mg/mL) measured against 

absorbance at 593nm. Results are triplicates (± SD). 
 

Trolox equivalent antioxidant capacity 

(TEAC) assay: Preparation of Phosphate buff-

er Saline solution (PBS) PH 7.4: PBA was Pre-

pared by mixing Disodium Hydrogen Phos-

phate NaH2Po4 (81 ml of 5 mM) with sodium 

dihydrogen phosphate NaH2Po4 (19 ml of 

5mM), and Sodium Chloride (0.9 g) was added 

to the mixture. 

The TEAC assay modified by Re et al., (1999) 

was used to assess the amount of free radicals 

that can be scavenged by the antioxidants (Car-

vacrol and Thymol). Tested samples were di-

luted in 100 ml ethanol and various concentra-

tion were made (20, 30, 40, 50, 70 ppm) for 

Carvacrol, Thymol, and mixtures of both com-

pounds for the synergism effect. The ABTS 

radical cation was formed by reacting ABTS (7 

mM) and Potassium Persulfate (2.45 mM) after 

incubation at room temperature, in the dark, for 

12-16 hours the stock solution was diluted 

twenty times with Phosphate buffer Saline so-

lution (PBS) until and absorbance of (0.7 ± 

0.02) at 734 nm was reached. ABTS solution (2 

ml) was added to each of tested samples (40 µl) 

and mixed thoroughly by Vortex. The reactive 
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mixture was allowed to stand at room tempera-

ture for 1 min, and the absorbance was imme-

diately recorded at 734nm. Only one reagent 

blank was made, ABTS (2 ml ) mixed with 

PBS (40 µl), and used for all measurements 

when taking readings for either samples or 

standards. Trolox standard solution of varying 

concentrations (0-100 µl/ml). In absolute Etha-

nol was prepared and assayed in the same con-

ditions. A standard curve was plotted and used 

to calculate the results (Figure 3). Results were 

expressed in terms of µg Trolox equivalent /l. 

The assay was carried out in Triplicate, and 

results were calculated as mean ± standard de-

viation (SD). 

 

Figure: (3). (TEAC) Trolox standard curve for varying 

concentrations (0-100 μL/ml) measured against absorb-

ance at 734 nm. Results are triplicates (± SD). 

 

Statistical Analysis: 

The results were analyzed by Two-Ways 

ANOVA using F-test (Montagomry,2000). 

RESULTS AND DISCUSSION 

The antioxidant activities of Thymol, Car-

vacrol and the mixture of both were investi-

gated using DPPH
‧

, FRAP and TEAC assays. 

In the DPPH
‧

 assay (Table 1)  and (Figure 4) 

show that Carvacrol, Thymol and Carvacrol: 

Thymol mixture had scavenging activity, and 

this activity was highly significant (p<0.001) 

by increasing the concentration from 50 to 

1000 ppm. 
 

Table:(1). DPPH activity (% bleaching of DPPH solu-

tion) of thymol and carvacrol, and a (1:1) mixture of 

both 

Groups 
Concentration ppm 

50 (A) 250 (B) 500 (C) 1000 (D) 

thymol 

(a) 

31.80±0.6 

AB*** 

AC***  

AD*** 

ab*** 

ad*** 

43.36±0.5 

AB*** 

BC***  

BD*** 

ab*** 

ac*** 

ad*** 

60.24±1.7 

AC*** 

BC***  

CD*** 

ac*** 

ad*** 

82.72±1.5 

AD*** 

BD***  

CD*** 

ab*** 

ac*** 

ad*** 

carvacrol 

(b) 

37.43±0.9 

AB*** 

AC***  

AD*** 

ba*** 

bc*** 

bd*** 

49.04±1.6 

AB*** 

BC***  

BD*** 

ba*** 

bc*** 

bd*** 

62.07±1.2 

AC*** 

BC***  

CD*** 

bc***  

bd*** 

93.19±0.3 

AD*** 

BD***  

CD*** 

ba*** 

bc*** 

Thymol+ 

carvacrol 

(c) 

30.44±0.6 

AB*** 

AC***  

AD*** 

cb*** 

cd*** 

39.96±1.1 

AB*** 

BC***  

BD*** 

ca*** 

cb*** 

cd*** 

55.21±1.3 

AC*** 

BC***  

CD*** 

ca*** 

cb*** 

cd*** 

76.94±0.3 

AD*** 

BD***  

CD*** 

ca*** 

cb*** 

cd*** 

BHA (d) 

92.61±0.4 

AC* 

AD** 

da*** 

db*** 

dc*** 

93.65±-

0.5 
 

da*** 

db*** 

dc**** 

94.16±0.4 
 

da*** 

db*** 

dc*** 

94.42±0.5 

 

da** dc** 

A,B,C and D indicate concentrations per group, a ,b, c and d  

indicate groups per concentration.  * means significant at 

0.05, ** means significant at 0.01 and *** means significant 

at 0.001. Results are the means of triplicates ±SD. 

However, this activity was lower than that ob-

tained from BHA positive control at the same 

concentration tested. Carvacrol showed a 

stronger antioxidant activity (p<0.001) than 

Thymol at four concentrations used. The re-

sults are in good agreement with those ob-

tained by (Yanishlivea et al., 1999; Ruberto 
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and Barata 2000; Miquel et al., 2003 jamali et 

al., 2012).Regarding to synergistic effect, the 

result of this study revealed no synergistic ef-

fect in the mixture of Carvacrol:Thymol at the 

tested concentrations, compared with Car-

vacrol and Thymol individually. These results 

are in good agreement with the obtained by 

(Miguel et al., 2003). 

 

 

Figure: (4). Free radical scavenging activity of thymol 

and carvacrol, and a (1:1) mixture of both at different 

concentrations in the DPPH assay. Data expressed as 

percentage of bleaching of DPPH solution. Results are 

the means of triplicates ±SD. BHA= butylated hydroxy-

anisole. 

 

Table 2 and Figure 5 summarize the reducing 

power of Thymol and Carvacrol and a 1:1 

mixture of both as observed in the FRAP as-

say.  

The results showed the same pattern as the 

DPPH
‧

 assay. Results with Carvacrol, which 

had the highest antioxidant activity (p<0.001) 

compared with Thymol and the mixture of 

both. However, the mixture of Carvacrol and 

Thymol in this assay showed a higher reduc-

ing power than Thymol at each concentration 

used. There was no synergistic effect observed 

between Carvacrol and Thymol. 

Table:(2). FRAP analysis of thymol and carvacrol, and a 

(1:1) mixture of both at different concentrations. Results 

expressed in terms of mM trolox equivalent 

 

Groups 
Concentration ppm 

50 (A) 250 (B) 500 (C) 1000 (D) 

thymol 

(a) 

284.6±1.

9 

AB*** 

AC***  

AD*** 

AE*** 

ab*** 

ac*** 

306.23±1

.0 

AB*** 

BC***  

BD*** 

BE*** 

ab*** 

ac***  

556.9±0.

6 

AC*** 

BC***  

CD*** 

BE*** 

ab*** 

ac*** 

906.4±3.

8 

AD*** 

BD***  

CD*** 

CE*** 

ab*** 

ac***  

car-

vacrol 

(b) 

852.3±1.

2 

AB*** 

AC***  

AD*** 

AE*** 

ba*** 

bc***  

950.81±1

.2 

AB*** 

AC***  

AD*** 

AE*** 

ba*** 

bc***  

1278.1±1

.1 

AB*** 

AC***  

AD*** 

AE*** 

ba***  

bc*** 

1478.1±1

.0 

AB*** 

AC***  

AD*** 

AE*** 

ba*** 

bc***  

Thy-

mol+ 

car-

vacrol 

(c) 

583.95±2

.3 

AB*** 

AC***  

AD*** 

AE*** 

ca*** 

cb*** 

622.4±1.

1 

AB*** 

AC***  

AD*** 

AE*** 

ca*** 

cb***  

754.47±0

.6 

AB*** 

AC***  

AD*** 

AE*** 

ca*** 

cb***  

1169.7±0

.6 

AB*** 

AC***  

AD*** 

AE*** 

ca*** 

cb***  
A,B,C, D and E indicate concentrations per group, a, b, and c    indi-
cate groups per concentration.  * means significant at 0.05, ** means 

significant at 0.01 and *** means significant at 0.001. Results are the 

means of triplicates ±SD. 

 

Figure: (5). FRAP analysis of thymol and carvacrol, and 

a (1:1) mixture of both at different concentrations. Data 

expressed in terms of mM trolox equivalent. Results are 

the means of triplicates (± SD) 
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The TEAC Assay had also the same pattern 

behavior of Carvacrol, Thymol and the mix-

ture of both (in ratio of 1:1). Results are pre-

sented in (Figure 6) and (Table 3) . Carvacrol 

showed a great quenching ability of ABTS 

radical cation (p < 0.001) than Thymol and the 

mixture of both at all concentrations tested. 

The mixture showed higher antioxidant activi-

ty than Thymol (p < 0.001). The Carvacrol 

content in the mixture could be responsible for 

this higher antioxidant activity and there was 

no clear synergistic effect.  

 

 

Figure: (6). TEAC values of thymol and carvacrol, and a 

mixture (1:1) of both at different concentrations. Results 

are expressed as μg/mL trolox equivalent and they are 

the means of triplicates ±SD 

The results obtained from the three assays 

(DPPH
‧
, FRAP and TEAC) were in accord-

ance with earlier published data on the strong 

antioxidant activity of Carvacrol as compared 

to Thymol (Ruberto and Barat 2000; Bozin et 

al., 2006 ). Furthermore, the results of current 

study correspond with results obtained by 

Undger et al., (2009) who found that there was 

no synergistic effect between Carvacrol and 

Thymol. On the other hand, the results of the 

present study disagree with those reported by 

Puertas-Mejia et al., (2003) who reported a 

synergistic effect between Thymol and Car-

vacrol. For these reasons, it is very difficult to 

attribute the antioxidant effect of a total essen-

tial oil to one or several active principles, be-

cause on essential oil always contains a mix-

ture of different chemical compounds. In addi-

tion to the major compounds, minor com-

pounds may make a significant contribution to 

the total oil antioxidant activity. 

Table:(3). TEAC values for thymol and carvacrol, and a 

(1:1) mixture of both at different concentrations. Results 

are expressed as μg/mL trolox 

Groups 
Concentration ppm 

50 (A) 250 (B) 500 (C) 1000 (D) 

thymol 

(a) 

14.5±0.4 

AB*** 

AC***  

AD*** 

AE*** 

ab*** 

ac*** 

21.67±1.

6 

AB*** 

BC***  

BD*** 

BE*** 

ab*** 

ac***  

24±0.6 

AC*** 

BC***  

CD*** 

BE*** 

ab*** 

ac*** 

37.86±1.9 

AD*** BD***  

CD*** 

CE*** 

ab*** ac***  

car-

vacrol 

(b) 

90.72±0.

9 

AB*** 

AC***  

AD*** 

AE*** 

ba*** 

bc***  

102.5±1.

6 

AB*** 

AC***  

AD*** 

AE*** 

ba*** 

bc***  

110.11±2.

5 

AB*** 

AC***  

AD*** 

AE*** 

ba*** 

bc*** 

137.75±1.2 

AB*** AC***  

AD*** 

AE*** 

ba*** bc***  

Thy-

mol+ 

car-

vacrol 

(c) 

49.28±0.

9 

AB*** 

AC***  

AD*** 

AE*** 

ca*** 

cb*** 

77.03±0.

9 

AB*** 

AC***  

AD*** 

AE*** 

ca*** 

cb***  

93.06±1.3 

AB*** 

AC***  

AD*** 

AE*** 

ca*** 

cb***  

131.36±.1.

2 

AB*** AC***  

AD*** 

AE*** 

ca*** cb***  

A,B,C, D and E indicate concentrations per group, a,b, and 

c    indicate groups per concentration.  * means significant 

at 0.05, ** means significant at 0.01 and *** means 

significant at 0.001. Results are the means of triplicates 

±SD. 

CONCLUSION 

Carvacrol and Thymol were studied to see if 

there were any synergistic effects. Carvacrol 

and Thymol gave strong antioxidant activity. 

However, this effect was great with Carvacrol. 

There were no synergistic effects between Car-

vacrol and Thymol. 
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، وذلتتب باستتتخةام رلارتتة والكارفتتاكرول ،المتتةعم لمركتتث الرتتايمول-م التتتيرير المضتتاة لةكستتة يتتيأجريتته هتتذد الةراستتة لتقالمستتتخم:   
 اومخموطهما نشاطاً كاسحاً وهتذ ،والرايمول ،، الكارفاكرول DPPHاختبار أعطى  . TEACو  FRAPو  DPPH هيختباراه ا

أقتتوك كمضتتاة لةكستتة  متتن  ار ي. الكارفتتاكرول أعطتتى تتتير(ppm) نو جتتزء فتتي المميتت 1000إلتتى  00النشتتاط يتتزةاة بزيتتاة  التركيتتز متتن 
أعمتى تتيرير مضتاة لةكستة  كتان  FRAPاختبتار أمتا فتي  ،الرايمول، ولم يكن هناب تيرير مةعم لمخموطهما عنة التركيزاه المختبتر 

والرتايمول أههتر قتو  اختزاليتة أقتوا متن الرتايمول،  ،. ولكتن مخمتوط الكارفتاكرولDPPH لمركث الكارفكرول كما في حالتة اختبتار التتت
مركتتث الحتتر  ل اه الشتتقو ، الكارفتتاكرول أههتتر قتتةر  كبيتتر  عمتتى كستت  كاتيونتت TEACأيضتتاً لا يوجتتة تتتيرير متتةعم. أمتتا فتتي اختبتتار 

ATBS   كمتا بينته النتتاعد عتةم مركث الكارفاكرول في المخمتوط.  وقة يرجع هذا التيرير إلىمخموطهما.  وكذلبأعمى من الرايمول
متتيط متتن مركبتتاه خهتتي أن الزيتتوه الطيتتار  ةاعمتتاً  تعتتززوالرتتايمول. هتتذد النتتتاعد  ،الكارفتتاكرولمركبتتي متتن  لكتتل تتتيرير متتةعم وجتتوة

جتتة بنستتث ضتتعيمة يمكتتن أن تستتاهم بةرجتتة كبيتتر  فتتي الرعيستتية فتتلن المركبتتاه التتتي تو  بالإضتتافة إلتتى المركبتتاهنتت  كيمياعيتتة عةيتتة ، وأ
  لزيوه.لهذد اكسة  لةمضاة النشاط الالتيرير عمى 

 الزعتر. ،الزيوه الطيار  كارفاكرول، رايمول، مضاةاه الأكسة ،:  الكممات المفتاحية
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Abstract: Tobacco consumption alters many biological parameters, including α-amylase activ-

ity. This study reports the effect of cigarette smoking on salivary α-amylase activities of some 

male heavy smokers (100) in apparent good health compared with (40) male non-smokers as 

control. The salivary α-amylase activity was assayed using the standard colorimetric method. 

The α-amylase enzyme was characterized from the saliva samples collected from healthy adult 

smokers and non-smokers (control) to determine the effects of temperature, pH, and substrate 

concentration on the kinetic parameters of the enzyme. The analysis of the saliva samples 

showed that there were significant increases (P<0.05) in the α-amylase activity values in the 

saliva of cigarette smokers when compared with non-smokers at optimum conditions 

(2.74±0.37 nmol/min/mg-protein and 2.01±0.16 nmol/min/mg-protein, respectively). The 

Michaelis constant (Km) values of 0.5±0.02 mM and 1.12±0.08 mM observed for non-smokers 

and smokers were obtained from the double reciprocal plot of initial velocity (1/V) and sub-

strate concentration (1/[S]). The maximum activities obtained at an optimum temperature of 

37ºC, and an apparent pH of 7.0 for both subjects were 31.25±8.24 nmol/min/mg protein and 

18.10±4.06 nmol/min/mg protein for non-smokers and smokers respectively. Measurements of 

salivary α-amylase activity could be useful in the early detection and diagnosis of parotitis. 

Subsequent studies are required to specify the mechanisms responsible for such a risk. 

 

Keywords: Cigarette Smokers; Salivary α-Amylase; Kinetic Parameters; Optimum Conditions. 

INTRODUCTION 

Tobacco dependence is still the leading cause 

of avoidable mortality in the world (WHO, 

2017; Da Costa & Sylva, 2005). The World 

Health Organization estimated in 2017 that to-

bacco use killed 5 million people at a global 

level, half of which were in developing coun-

tries. According to forecasts for 2025- 2030, 

the death toll is expected to rise to 10 million 

people, including 7 million in developing coun-

tries (WHO, 2017). The works of many chem-

ists and biologists over the past 50 years have 

shown the harmful effects of numerous tobacco 

components (Mohammed et al., 2016). Nico-

tine addicts in Libya get their daily dose of this 

toxicant by different smoking habits, including 

smoking cigarettes, water pipes (narghile, 

hookah, shisha), and inhaling snuff, known lo-

cally as naffa. In addition to nicotine, it has 

been reported that tobacco products contain 

other toxic substances, including some heavy 

metals (Abd El-Samad & Hanafi, 2017; Caruso 

et al, 2014). Cigarette smoke (CS) contains 

over 4000 different chemicals, 400 of which 

are proven carcinogens. These carcinogens in-

clude aromatic amines, nitrosamines, oxidants 

such as oxygen free radicals, and also high 

concentrations of toxic volatile aldehydes, such 

as acrolein, crotonaldehyde (α,β-unsaturated 

https://doi.org/10.54172/mjsc.v35i3.295
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v35i3.295&amp;domain=pdf&amp;date_stamp=2008-08-14
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aldehydes), and acetaldehyde (saturated alde-

hyde), all of which presumably are major caus-

es of damage to various molecules exposed to 

CS (Nagler et al., 2000). Saliva is an excep-

tional fluid, as it is the first biological fluid to 

encounter the inhaled CS gaseous and water-

soluble extracts. Salivary biomarkers have 

gained popularity in stress research, as it has 

proven superior to testing biomarkers in blood. 

(Yi & Moochhala, 2013). This is based on the 

fact that saliva samples have many advantages 

such as wide range of constituents, being non-

invasive and easy to perform, and do not need 

trained staff. It also does not cause additional 

stress in sample collection unlike blood or 

urine collection (Heberd et al., 2015).  

Alpha-amylase (EC 3.2.1.1) in animals is a ma-

jor digestive enzyme. It is secreted by the sali-

vary gland and pancreas, and therefore, present 

in saliva and serum. It hydrolyzes the α-1, 4 

linkages of starch to glucose and maltose 

(Gomina et al., 2013). The noxious effects of 

tobacco dependence on human health are 

known. In fact, tobacco consumption is the 

cause of cardiovascular pathologies, pleuro-

pneumonias, and cancers (Callegari & Lami, 

1984). In addition, tobacco consumption modi-

fies several biological parameters, including α-

amylase activity (Weiner et al., 2009).  

Previous studies carried on tobacco depend-

ence’s impact on the activity of salivary alpha-

amylase resulted in divergent viewpoints. For 

Nater et al, (2007) smoking tobacco increases 

the value of alpha-amylase activity in saliva. 

On the contrary, for other authors, smoking to-

bacco does not affect the value of serum and 

salivary alpha-amylase activity (Nagaya & 

Okuno, 1993; Kivela et al., 1997; Aysun et al., 

2009). Nevertheless, investigations on the in-

fluence of smokeless tobacco consumption on 

alpha-amylase activity are very few. Likewise, 

reports on alpha-amylase activities among ciga-

rette smokers have remained scarce in the Lib-

yan society. The present study, therefore, at-

tempts to report the activities of α–amylase in 

the saliva of some Libyan cigarette smokers.  

MATERIALS AND METHODS 

All chemicals used throughout this study were 

obtained from Sigma-Aldrich. Absorbance 

measurements were made with Beckman Coul-

ter Model DU 800spectrophotometer. One 

hundred male cigarette smokers in apparent 

good health were chosen as test subjects from 

the smoking population and were randomly se-

lected from Al-Bayda city, Libya. The volun-

teers comprise 100 heavy smokers (>11 

sticks/day) (Enemchukwu et al., 2011). Also, 

40 individuals who do not smoke or drink al-

cohol were included as the control subjects.  

Sample collection: Saliva samples were col-

lected from the volunteers (100 smokers and 40 

non-smokers) in apparent good health. For the 

collection, which was performed at least 1 h af-

ter eating; volunteers were asked to generate 

saliva in their mouths and to spit it into a wide 

test tube for 10-15 min. Following collection, 

saliva was immediately centrifuged (1000xg 

for 3 min) to remove squamous cells and cell 

debris. The fresh supernatant was then trans-

ferred to the plastic containers and stored at 

4°C until analysis. The cigarettes used in this 

study were popular commercial cigarettes (Mi-

lano, Oris, and Super Grand) containing 5, 3, 

and 1mg of tar and 0.5, 0.3, and 0.1mg of nico-

tine per cigarette, respectively. About 1000 μl 

of saliva was collected from each subject using 

specimen sample bottles and diluted to 1:100 

with physiological saline (0.85% NaCl) using 

the technique proposed by Enemchukwu et al., 

(2011). 

Measurement of salivary α-amylase activity: 

The activity of the enzyme was determined us-

ing starch as substrate. An appropriate amount 

(100μl) of the enzyme solution (diluted saliva) 

was incubated with 800 μl of a substrate 

(starch) in an incubator at 37°C for 30 min. The 

reducing sugars resulting from the starch hy-

drolysis were assayed by the 3, 5-

dinitrosalicylic acid (DNS) method (En-

emchukwu et al., 2011). The aldehyde group of 

reducing sugars converts 3, 5-dinitrosalicylic 

acid to 3-amino-5-nitrosalicylic acid, which is 
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the reduced form of DNS. The formation of 3-

amino-5-nitrosalicylic acid results in a change 

in the amount of light absorbed at 540 nm. The 

absorbance measured using a spectrophotome-

ter is directly proportional to the amount of re-

ducing sugar (Miller, 1959).
 
The α-amylase ac-

tivity in each sample was determined by using 

the following formula: 

α-amylase activity in each assay tube = 

     
    

                

     
 

Where, ΔABS = absorbance change  

Protein concentration was estimated according 

to the method described by Bradford depending 

on the bovine serum albumin standard curve 

(Bradford, 1976). The specific activity was de-

termined by using the following equation: 

Specific activity (U/mg) = 
                 

 

  

                      
  

   

 

Effect of pH and temperature on salivary α-

amylase activity: In order to determine the ef-

fects of temperature (25-60°C) and pH 3-13 (50 

mM acetate buffer and 50 mM phosphate buff-

er) at 37°C on salivary α-amylase activity 

among cigarette smokers as well as non-

smokers, routine analysis of the saliva samples 

was carried out with the buffered starch sub-

strate using the enzymatic method for the α-

amylase assay for human biological fluids (En-

emchukwu et al., 2013). The salivary α-

amylase was assayed by the 3, 5-

dinitrosalicylic acid method (Enemchukwu et 

al., 2011). 

Determination of kinetic parameters for sal-

ivary α-amylase: The kinetic parameters 

[Michaelis-Menton constant (Km) and maxi-

mum velocity (Vmax)] of invertase activity of α-

amylase activity were obtained individually 

from Lineweaver Burk (LB) plot following the 

determination of salivary α-amylase activity at 

the optimal assay conditions 37°C, pH 7.0 at 30 

min in the presence of various starch concen-

trations: 0.25, 0.5, 1, 2, 5, 10 and 20 mM (Ha-

drich et al., 2015). The intercept of the LB plot 

on the y-axis corresponds to 1/Vmax, while the 

slope corresponds to Km/Vmax (Hadrich et al., 

2015). 

Statistical analysis: Results were expressed as 

means ± standard division of the mean (n = 6). 

Statistical significance was set at P<0.05 by us-

ing a t-test. Microsoft Excel has calculated ki-

netic parameters for α-amylase activity. 

RESULTS 

The results presented in Table 1 are the demo-

graphic data that were observed in both groups. 

The data indicated the selectivity in studied 

groups that were included in the present study. 

Table (1). Demographic data of the two studied groups 

(Mean ± SD) 

Characteristic Smokers [n=100] 
Non – smok-

ers [n=40] 

Gender Male Male 

Age (year) 47.70 ± 6.12 43.25 ± 4.19 

Method of 

Smoking 
Cigarette - 

Type of ciga-

rettes 

Milano, Oris and 

Super grand con-

taining 5, 3 and 

1mg of tar and 0.5, 

0.3 and 0.1 mg of 

nicotine per ciga-

rette, respectively. 

- 

Period of 

Smoking 

(year) 

13.48 ± 3.10 - 

Number of 

smoking 

(times per 

day) 

(>11 sticks/day) - 

Workplaces Non polluted Non polluted 

Medical His-

tory 
- - 

 

Present data showed that there were significant 

increases (P<0.05) in the α-amylase activity 

values in the saliva of cigarette smokers when 

compared with non-smokers at optimum condi-

tions (2.74±0.37 nmol/min/mg-protein and 

2.01±0.16 nmol/min/mg-protein, respectively). 

In the present work, the effects of pH on sali-

vary α-amylase activity were assessed for ciga-

rette smokers as well as non-smoker subjects 

(control). The effect of pH on the activity of 
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salivary α-amylase was determined in the pH 

range of 3.0-13.0 for both subjects. The assay 

result for optimum pH determination for smok-

ers and non-smokers showed an apparent pH 

optimum of 7.0 for both subjects corresponding 

to specific activities of 2.54 nmol/min/mg-

protein and 2.01 nmol/min/mg-protein respec-

tively, as could be observed from the graphs 

(Figure 1 and Figure 2). The specific activities 

of salivary α-amylase increased to 89.39% 

from pH 6.0 to pH 7.0 for smokers and 73.45% 

from pH 6.0 to pH 7.0 for non-smokers. 

 

Figure (1). Effect of pH on salivary α-amylase of some   

Libyan cigarette smokers  
 

 

Figure (2). Effect of pH on salivary α-amylase of some 

Libyan cigarette non-smokers 

The result from the analysis of the temperature 

effects on salivary α-amylase activity showed 

that the enzyme had maximum specific activi-

ties of 2.39 and 2.11 nmol/min/mg protein at 

37ºC for smokers and non-smokers respective-

ly as shown in Figure 3 and Figure 4.  

 

 

Figure (3). Effect of temperature on salivary α-amylase 

of some Libyan cigarette non-smokers 

 

Figure (4). Effect of temperature on salivary α-amylase 

of some Libyan cigarette smokers 

 

The kinetic constants (Vmax, Km, Kcat, Ks 

(Vmax/Km) and Kcat/Km) for salivary α-amylase 

from non-smokers and smokers were deter-

mined by incubating a fixed amount of enzyme 

with varied concentrations of soluble starch as 

a substrate (0.25 to 20 mM). The enzyme fol-

lowed the Michaelis-Menten kinetics of cataly-

sis. The Km and Vmax values of different en-

zymes are difficult to compare as they depend 

on the substrate used and the reaction condi-

tions.  

In the present research, the reciprocal velocity 

(1/V) at optimum temperature 37ºC was plotted 
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against reciprocal substrate concentration 

(1/[S]) in Figures 5 and 6, for non-smokers and 

smokers subjects respectively. Extrapolation of 

the line gave the Km values for non-smokers 

and smokers, which are found to be 0.50±0.02 

mM and 1.12 ± 0.08 mM respectively. The en-

zyme turn-over number for non-smokers and 

smokers (Kcat) and specificity constant 

(Kcat/Km) for salivary α-amylase were deter-

mined (Table 2).  

Table (2). The catalytic properties of salivary α-amylase 

from cigarette smokers and non-smokers  

Parameters 
Non-

smokers 
Smokers 

Km (mM) 0.5 ± 0.02 1.12 ± 0.08 

Vmax (nmol/min/mg pro-

tein) 
31.25 ± 8.24 18.10±4.06 

a
Kcat (min

-1
) 2.66 ± 0.07 1.80 ± 0.05 

Kcat/Km (mM
-1

 min
-1

) 5.33 ± 1.03 1.61 ± 0.04 

Ks (Vmax/Km)  

(ml/min/mg protein) 
62.50± 15.21 16.50±6.41 

The substrate efficiency is denoted by Ks = Vmax/Km; the turno-

ver number (Kcat) = Vmax/[e], where [e] = Molar concentration 

of enzyme; acalculated estimating a molecular mass of 62 kDa 

for the active enzyme; Km and Vmax are the kinetic constants, 

while Kcat/Km is the specificity constant. 

 

Figure (5). Lineweaver-Burk plot for determination of 

Km and Vmax of salivary α-amylase for cigarettes smok-

ers. (Lineweaver Burk plot; pH 7, 37°C, substrate con-

centration ranging from 0.25-5 mM; Mean and standard 

deviation were determined from three replicates). The 

intercept on the y-axis corresponding to 1/Vmax = 0.0556, 

slope corresponding to Km/Vmax = 0.0627 

 
 

Figure (6). Lineweaver Burk plot for determination of 

Km and Vmax of salivary α-amylase for non-smokers. 

(Lineweaver Burk plot; pH 7, 37°C, substrate concentra-

tion ranging from 0.25-5 mM; Mean and standard devia-

tion were determined from three replicates). The inter-

cept on the y-axis corresponding to 1/Vmax = 0.0329, 

slope corresponding to Km/Vmax = 0.0163 

 

DISCUSSION 

Many studies reveal that cigarette smoking 

causes an increase in saliva α-amylase activity 

values (Nater et al., 2007; Onyesom et al., 

2012). These demonstrated increases have been 

contradicted by reports of other researchers. 

Some researchers report that smoking ciga-

rettes do not affect the α–amylase activity val-

ue in saliva. Nagaya and Okuno, (1993) studied 

the effects of smoking habits on salivary amyl-

ase and reported that cigarette smoking does 

not have any significant influence on salivary 

amylase activity in the subjects. Also, Kivela et 

al. (1997) stated that the degree of amylase ac-

tivity in the saliva of people who smoke ciga-

rettes was not significantly different from that 

present in the saliva of non-smokers.  

Several studies suggest that nicotine (which is a 

major component of cigarettes) accounts for 

the increase in α-amylase activity in people 

who smoke cigarettes. Maier et al. (1991) re-

port that after the intravenous infusion of nico-

tine into some volunteers, an increase in sali-

vary amylase activity was observed. Acute ad-

ministration of nicotine to non-smokers was as-
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sociated with increased salivary amylase activi-

ty (Maier et al., 1991). Thus, the increase in 

salivary amylase could be a result of decreased 

metabolic clearance of amylase, pancreatitis, or 

parotitis (Onyesom et al., 2012). Parotitis is a 

salivary disease that is associated with an in-

crease in S-type isoamylase. Parotitis is usually 

caused by trauma, stress, or surgery to the sali-

vary gland, radiation to the neck area involving 

the parotid gland, and subsequently causing 

duct obstruction, or calculi of the salivary duct. 

Evidence shows a measure of asymptomatic 

pancreatic, salivary and parotid glands’ dys-

function among cigarette smokers.  

Determination of salivary α-amylase activity 

could be valuable in detecting parotid/salivary 

gland diseases at an early stage. Overall, ciga-

rette smokers have a considerable risk of de-

veloping such diseases as judged by their sig-

nificant increases in salivary α-amylase activity 

values (Onyesom et al., 2012). And from the 

specific activities profile, activities increased to 

89.39% from pH 6.0 to pH 7.0 for smokers and 

73.45% from pH 6.0 to pH 7.0 for non-

smokers, which is in agreement with the obser-

vation of Enemchukwu et al. (2013) who rec-

orded increased activities of 82.1% from pH 

6.0 to pH 7.0 for smokers and 76.9% from pH 

6.0 to pH 7.0 for non-smokers salivary α-

amylase. In the present study, α-amylase from 

human salivary showed the optimum pH of 7.0, 

which was corresponding to the other previous 

reports (Levitzki & Steer, 1974; Yoon & 

Robyt, 2003). A change in pH affects the ioni-

zation of essential active site amino acid resi-

dues that are involved in substrate binding and 

catalysis. The ionization of these residues may 

distort the active site cleft and hence may indi-

rectly affect enzyme activity (Bodade et al., 

2010).
 
 

The temperature optimum of 37ºC for α-

amylase is in agreement with the report of Ru-

deekulthamrong and Kaulpiboon, (2012), and a 

little different from the optimum temperature 

of 40ºC obtained by Enemchukwu et al. (2013) 

and Tahtah & Otitoju, (2015) on a research 

work carried out on salivary α-amylase. The 

difference may be due to the difference in pop-

ulation as well as the physiological conditions 

and other parameters under which the research 

was carried out. The Michaelis constant (Km) 

values for cigarette non-smokers and smokers 

in this study were found to be 0.50±0.02 mM 

and 1.12 ± 0.08 mM respectively. The Km value 

of the enzyme of non-smoker subjects is lower 

than that of the values of smoker subjects. Low 

values of Km indicate a high affinity of the en-

zyme for the substrate (Zappacosta et al., 

2002). The increase in the Km value of the 

smokers’ group might be either due to structur-

al changes in the enzyme induced by CS, which 

could explain partially some of the protein 

modification caused by CS, or due to lower ac-

cessibility of the substrate to the active site of 

the salivary α-amylase (Kennedy et al., 1989 & 

Zappacosta et al., 2002).  

The Vmax of salivary α-amylase for non-

smokers is 31.25±8.24 nmol/min/mg protein 

and for smokers 18.10±4.04 nmol/min/mg pro-

tein (Figures 5 and 6). The increase of the Km 

and decrease of the Vmax value of subjects who 

smoke cigarettes is as expected because of less 

availability of the substrate to the active site of 

the enzyme due to chemical bonding, diffusion 

limitation, and confinement of enzyme mole-

cules with polymeric support. On the other 

hand, results of apparent Km and Vmax values 

were reported from work carried out by (En-

emchukwu et al. 2013) on urine, serum, and 

salivary amylases. Their results of apparent Km 

and Vmax values, which were obtained from 

smoker and non-smoker subjects, also revealed 

no statistical difference at a 95% level of con-

fidence interval between subjects who are ciga-

rette smokers and non-smokers.  

The kinetic parameters of salivary α-amylase in 

Libyan cigarette non-smokers and smokers 

subjects’ salivary α-amylase presented in (Ta-

ble 2) showed the most dramatic change, with 

about a 69.2% reduction in Kcat for smoker’s 

salivary α-amylase. There was a big change in 

the Kcat/Km of salivary α-amylase. The K  

value of non-smokers’ salivary α-amylase was 

about a 4-fold increase in the catalytic process. 
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The key advantages revealed here are the low  

cat/KmKm (0.5±0.02 mM), the high Vmax 

(31.25±8.24 nmol/min/mg protein), and the 

high Kcat/Km (5.33±1.03 mM
-1

 min
-1

). This 

could be due to the ionized state of the non-

smokers’ salivary α-amylase whose charges 

have been reserved and that the starch binds 

more strongly to the active site than the transi-

tion state of the substrate substantiating (Myers 

et al., 1997). This indicated that the non-

smokers’ salivary α-amylase had a higher affin-

ity towards binding starch to the active site 

than smoker’s salivary α-amylase. 

 The turnover number (Kcat) and specificity 

constant (Kcat/Km) values of both enzymes 

(Table 2) showed that the activity of the non-

smoker’s salivary α-amylase was better com-

pared to the smoker’s salivary α-amylase. Fur-

thermore, the value of the additional specificity 

constant Ks for non-smoker’s salivary α-

amylase (62.50±15.21 ml/min/mg protein) 

again confirmed that the non-smoker’s salivary 

α-amylase was higher and more specific for 

starch as compared to smoker’s salivary α-

amylase (Ks = 16.50±6.41 ml/min/mg protein) 

(Table 2). It may be observed that cigarette 

smokers exhibit a reduction in serum type S 

isoamylase that correlates well with the signifi-

cant reduction of salivary amylase activity. 

Several studies reported that tobacco smoke 

contains agents with cytotoxic or carcinogenic 

effects on the exocrine pancreas, but little is 

known about the effect of tobacco smoke on 

salivary glands (Nasrallah & Martin, 1983).  

CONCLUSION 

The findings of the present study indicate that 

salivary α-amylase activity is lower in cigarette 

smokers than non-smokers among Libyan sub-

jects. From the results, it could be argued that 

chronic cigarette smoke may exert a toxic ef-

fect on salivary glands, thus altering the physi-

ological salivary α-amylase activity of cigarette 

smokers. Therefore, further studies are needed 

in order to clarify the real impact or relation-

ship between cigarette smoking and abnormali-

ties in salivary α-amylase activity as a consid-

erable risk of developing diseases is associated 

with the lifestyle. 
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 بعض المدخنين الميبيين في لعاب ميميزألنشاط أنزيم ألفا  بيوكيماويةة دراس

 1لطيفة أحمد الجرامي، 2، أم السعد عمر*1 خالد سالم الصالحين

 قسم الكيمياء، كمية العموم، جامعة عمر المختار، البيضاء، ليبيا 1
 جامعة عمر المختار، البيضاء، ليبيا ،البشري قسم الكيمياء الحيوية، كمية الطب 2

 2020ديسمبر  12/ تاريخ القبول:  2020أغسطس  21تاريخ الاستلام: 
Doi :https://doi.org/10.54172/mjsc.v35i3.295 

. توضدده هددلد الدراسددة تدديعير تدددخين الأميميدد  -α، ومنهددا نشدداط أندد يم  عديدددة بيولوجيددةتدددخين التبددث يدد عر مدد  عوامددل  :المستتلخم 
( مدن غيدر المددخنين 48( مقارندة مد)  188السجائر عمى أنشطة الأميمي  المعاب  لدى بعد  المددخنين الدلكور الميبيدين الأصدحاء  

الأميميد   -αوتدم قيداس نشداط يند يم  ،م طريقة القياس المونيدة القياسديةالأميمي  المعاب  باستخدا -αكمجموعة سيطرة. تم تقييم نشاط 
 درجدة الحدرارة و عيرتدي عينات المعاب الت  تم جمعها من المدخنين البالغين الأصحاء وغير المدخنين  السيطرة( من أجل تقددير م 

وتركي  مادة التفاعل عمى النشاط الحرك  للأن يم. أظهرت نتائج تحميل عينات المعاب وجود  يادة ( pH)الرقم الهيدروجين  المعال  
الأميميد  مد  لعداب مددخن  السدجائر عندد مقارنتدر مد) غيدر المددخنين مد  الظدرو  المعاليدة    -α( م  قيم نشداط P<0.05معنوية  

نددانومول / دقيقددة / ممددث مددن البددروتين ، عمددى التددوال (.  8.16±  2.81نددانومول / دقيقددة / ممددث مددن البددروتين  و   ±8.37  2.74
 8.5الأميميد  كاندت  -α( للأند يم Kmعابت ميكاليس   أن قيم ساسيةمادة الأركي  الوت ،بيريك أظهرت النتائج من خلال رسم لينويفر

 -αوكدددان النشددداط الأمعدددل للأنددد يم  ،المددددخنين والمددددخنين عمدددى التدددوال  ممددد  مدددول  لغيدددر  8.88±  1.12ممددد  مدددول  و  ±8.82 
ندانومول / دقيقدة   8.24±  31.25 بقديم  مدوعتينلكدلا المج 7.8درجة مئوية، عند الدرقم الهيددروجين   37الأميمي  عند درجة حرارة 

عمى التوال . يمكن أن يكون مدخنين وغير المدخنين مل، نانومول / دقيقة / ممث من البروتين  4.86±  18.18/ ممث من البروتين  
ويمدد م يجددراء دراسددات لاحقددة لتحديددد  ،ن التهدداب الغدددة النكفيددة وتشخيصددهاقيدداس نشدداط الأميميدد  المعدداب  مفيدددا مدد  الكشدد  المبكددر عدد

 الآليات المسببة لهلا الخطر.

 .الشروط المعالية ،الخصائص الحركية ،الأميمي  المعاب  -α ،تدخين التبث :المفلاحيةالكممات 
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Abstract: Purple urine bag syndrome (PUBS) is a rare medical syndrome where purple dis-

coloration of urine occurs predominantly in chronically constipated bedridden elderly women, 

chronically catheterized and associated with urinary tract infections (UTIs). The etiology is 

related to UTIs with specific bacteria that produce sulphatase and phosphatase enzymes which 

lead tryptophan metabolism to produce two pigments: Indigo (blue) and indirubin (red), mix-

tures of which become purple in color. Several risk factors are associated with PUBS; includ-

ing female gender, increased dietary tryptophan, alkaline urine, constipation, catheterization, 

high urinary bacterial load, renal failure and use of polyvinyl chloride plastic catheters. Here-

in, I present this rare benign interesting condition on a 78 years old lady with purple discol-

oration of her urine bag due to urinary tract infection caused by Escherichia coli that was suc-

cessfully treated by culture guided antibiotic (Ciprofloxacin). The purple urine disappeared af-

ter antibiotic therapy and change of the urine catheter and bag. 

 
Keywords: Urinary tract infections, catheterization, alkaline urine, tryptophan, purple discol-
oration, Benghazi.   

 

INTRODUCTION 

Purple urine bag syndrome (PUBS) is an un-

common phenomenon reported mostly in 

chronically constipated, institutionalized fe-

males on an indwelling catheter.(Gandhi, 

2013) It is a rare complication of UTIs in 

which patients produce purple urine in their 

catheter tubing and bags. (Kalsi et al., 2017) 

Although it is an essentially benign condi-

tion, yet the purplish discoloration may  be 

distressing for the patients and their  families 

as well as for healthcare providers (Yaqub et 

al., 2013) The bluish discoloration is pro-

posed to  be due to the breakdown of  trypto-

phan metabolites by bacteria . This usually 

occurs in alkaline urine although a case of 

PUBS in acidic urine has also been 

reported.(Chung et al., 2008).  The rarity of 

this interesting clinical entity necessitates its 

presentation as the recognition of it is im-

portant as treatment is simple and can mini-

mize patients and family distress as well as 

over management. To the best of our 

knowledge, this the first case of PUBS re-

ported in our department.  

CASE PRESENTATION 

A 78-year- Egyptian blind female, who is a 

known case of hypertension on regular treat-

ment with ACE inhibitor and type II diabetes 

mellitus on insulin therapy . She had history 

of left above knee amputation and amputation 

of right 4th and 5th toes 2 years and 5 years 

ago respectively. She is bed ridden, chroni-

cally constipated and had an  indwelling ure-

thral catheter in situ for the last two years 

which  is used to be regularly changed every 

three weeks, brought by her family to our 

outpatient department (OPD) with complaints 

of anorexia, fatigability, constipation and 

purple discoloration  of her urine bag (figure 

1) for the past 3-4 days. There was no medi-

https://doi.org/10.54172/mjsc.v35i3.250
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v35i3.250&amp;domain=pdf&amp;date_stamp=2008-08-14
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cation prescribed to her that could have 

caused this discoloration. On general physical 

examination, the patient was conscious, ori-

ented and not in pain but there was a striking 

pallor (+++) and mild dehydration. Her vital 

signs are as follows; blood pressure 145/70 

mmHg , pulse rate 79 bpm, temperature 37 

C° and respiratory rate was 16 bpm. Systemic 

examination revealed a hemic murmur and 

normal heart sounds, mild decrease of air en-

try on left side. Her abdomen was soft, lax 

with no tenderness or organomegally and 

normally audible bowel sounds. Her baseline 

investigations showed Hemoglobin 7.8g/l, 

WBC 5.8*106/L and platelets count was 

167*10 9∕ L. Blood glucose level was 

288mg/dl and HbA1c was 12.55%. Renal 

function profile was within normal limits; 

where blood urea was 26mg/ and serum cre-

atinine 0.9mg/dl. Liver function tests were 

within normal limits except her serum albu-

min which was marginal (3.5 gm./dl).  Rou-

tine urine analysis showed an alkaline PH 

(PH 8), 3 +++ albuminuria, 1+ blood, while 

negative for nitrates and bilirubin. Urine mi-

croscopy revealed 3-5HPF leukocytes, 2-4 

HPF red blood cells and 3+++ triple phos-

phate crystals. Urine culture grew a heavy 

growth of Escherichia coli sensitive to 

ciprofloxacin.  The patient was managed as 

an OPD case by changing the urethral Cathe-

ter and urine bags along with prescribing her 

a culture guided antibiotic (Ciprofloxacin) 

500 mg twice daily for ten days along with 

laxative. She scheduled for follow-up after 

one week and referred to her attending physi-

cian for control of her blood sugar and cor-

rection of Co-existing anemia.  The patient  

was  seen  after  7  days,  and  reported  reso-

lution of symptoms and almost disappearance  

of  purple  color(figure 2). There was no re-

currence of discoloration of her urine during 

her short follow-up visits. Six weeks later, 

her urine culture grew growth of Enterobacter 

spp. which is sensitive ton Gentamycin but 

there was no purple discoloration of urine or 

tubing. 

 

Figure: (1). Purple discoloration of urine bag at 

presentation 

 

 
 
Figure :(2). Urine bag of the same patient after com-

pletion of  one week of antibiotic therapy. 
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DISCUSSION 

Purple urine bag syndrome (PUBS) is a rare 

medical phenomenon, and despite being be-

nign, is a cause of distress for the treating 

physician and patients. (Yadav et al., 2016) 

This syndrome is commonly reported in el-

derly (commonly females ) having constipa-

tion / gastroparesis and alkaline urine , along 

with chronic indwelling urinary catheter (Fu-

Hsiung Su et al., 2005; Rawal et al., 2015).  

Surprisingly, PUBS has been known for a 

long time. King George III had blue urine 

during a bout of chronic constipation. (Kalsi 

et al., 2017) PUBS , First reported in 1978 by 

Barlow and Dickson, it has been transcend-

ently observed in bed-bound elderly women 

who require long-term urinary bladder cathe-

terization(Khalid et al., 2016)  Even though 

the occurrence of urinary tract infection is 

commonly encountered in every day practice, 

the presence of a purple bag is a rare clinical 

entity (Pillai et al., 2009) The prevalence  

rate  of  PUBS  in  literature  ranges  from 8-

16% in different studies (Shiao et al., 2008). 

Most of the published literature on PUBS is 

based on case reports, with only a few retro-

spective/cross sectional studies (Yaqub et al., 

2013).  

A search of PubMed articles published be-

tween 1980 October and 2016 August was 

conducted, in which 106 articles (174 cases) 

described.(Yang & Su, 2018). PUBS is usual-

ly a side effect of prolonged catheterization 

(per-urethral or Suprapubic) along with UTI.  

Other risk factors for PUBS include  alkaline  

urine,  female  gender  ,  constipation   and  

chronic  renal  failure. (Khan et al., 2011) 

(Table 1). 

The pathophysiology of PUBS is related to 

the sequential chemical reactions involving 

tryptophan metabolism from the food in the 

gut. Tryptophan is an essential amino acid 

where it is metabolized( deaminated ) by in-

testinal bacteria to indole , which  is absorbed 

into the portal circulation and  undergoes 

conjugation in the liver and is subsequently 

converted into indoxyl sulphate( Indican) . 

Indican is excreted in the urine and converted 

into indoxyl by the enzymes: phosphatase or 

sulphatase produced by Gram – negative 

Bacteria. This indoxyl is oxidized in alkaline 

urine to produce two pigments; indigo (blue) 

and indirubin (red), which in reaction with 

the plastic (polyvinyl chloride) of the urine 

bag, result in the purple discoloration. (Fig-

ure 2) (Hadano et al., 2012; Yadav et al., 

2016). 

Interestingly, when the urine is put in contact 

with other sterile urine containers, no color 

changes take place. The longer the urine is 

left in contact with the catheter plastic, the 

deeper the purple color produced.(Al-Sardar 

& Haroon, 2009). The commonest implicated 

organisms include Providencia spp., Klebsiel-

la pneumoniae, E.coli, Proteus spp., Morga-

nella spp., Pseudomonas spp. and Enterobac-

ter species. It  is  occasionally  difficult  to 

differentiate which  organisms  are  responsi-

ble,  as the  isolation  of  multiple organisms 

is  not uncommon(Gandhi, 2013)  It is im-

portant to note that not all bacteria can cause 

PUBS, even among the same species, and this 

is why PUBS is so rare (Khan et al., 2011). 

The association of PUBS with constipation 

has long  been documented (Dealler et al., 

1988; Lin et al., 2002). Increased transit time 

during constipation allows more time for de-

amination. However, this alone is not the sole 

contributory factor as discoloration has also 

been reported in association with diarrhea.(Al 

Montasir & Al Mustaque, 2013; Khalid et al., 

2016). The management of PUBS should in-

clude treating the UTI (e.g., with Ciprofloxa-

cin) and any constipation as well as sanitation 

measures including replacing the catheter. 

Another approach is to use intravenous anti-

biotics if the  PUBS  persists or the patient  is  

in  an immunocompromised state.(Agapakis 

et al., 2014). It is important to change drain-

age bags and indwelling long-term catheters 
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on a regular basis to prevent recurrence and 

because persistent PUBS can lead to Four-

nier’s gangrene which requires surgical deb-

ridement.(Khan et al., 2011). In addition to 

the above mentioned steps regarding the 

management of PUBS, here are some preven-

tive measures:   

 Avoid UTI by drinking at least 2000 -

3000 ml of fluids,  but avoid beverages 

with sugar, caffeine and alcohol .As these 

drinks may increase bladder irritation and 

contribute to UTI. 

 Sometimes vitamin C is recommended to 

make urine more acidic which can help to 

prevent or treat UTI. 

 Maintain regular bowel program by: 

•Eating high fiber diet  

Establish regular exercise program if ap-

plicable  

 It is not recommended in the literature 

that dietary restriction of tryptophan is 

needed to reduce the incidence of PUBS 

in patients with long –term indwelling 

urine catheters  

 

 

Figure: (2).  Pathway of pathogenesis of Purple Urine 

Bag syndrome (Khan et al., 2011) 

Table: (1). Risk factors and possible mechanism in-

volved in pathogenesis of PUBS (Yang & Su, 2018)  

Mechanism Risk Factor 

Anatomy predispose to 

UTIs 

Female gender      

Increased substrate for 

conversion 

Increased dietary tryp-

tophan  

Facilitate indoxyl con-

version 

Increased urine alkalin-

ity         

Increased time and sub-

strate for bacteria  

Sever constipation 

Increased UTI risk Chronic catheterization 

Bacterial sulphatase/ 

phosphatase availability 

High urinary bacterial 

load 

Impaired indoxyl sul-

phatase clearance 

Renal failure 

 

CONCLUSION 

 Although PUBS is a benign clinical entity, it 

is alarming and distressing to patients and 

their families. It is nothing but it serves as an 

indicator of UTI in patients with various 

comorbidities as they may not manifest the 

classical signs of UTI. It is important that the 

attending physician needs to be familiar with 

its pathogenesis and simple management; so 

that expensive and irrelevant investigations 

can be avoided and the treatment with antibi-

otics can be started early on the basis of sus-

picion. 
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  مرتبطة مع التهاب شائع الحدوث ةغير شائع ةحال الأرجواني:تلازمة كيس البول م

  مفتاح حمد الخفيفي
  ليبيا-بنغازي التخصصية،قسم جراحه المسالك البولية، مركز الهواري لمجراحات 

 1212ديسمبر  21/ تاريخ القبول:  1212سبتمبر  12تاريخ الاستلام: 
oiD:https://doi.org/10.54172/mjsc.v35i3.250  

 

 والمتقةةدمات فةةي ،فةةي النسةةام المق ةةداتكاةةر أ حةةدواها جللكةةن س ةة ،ةنةةادر  متلازمةةه يبيةةةمتلازمةةة كةةيس البةةول ايرجةةواني  المستتتخم :
البوليةةةا المسةةبر الر يسةةي  التهابةةات بالمسةةالكوجةةود  مزمنةةة فةةي ةبوليةة ةجةةود قسةةير مةةن اسمسةةاك المةةزمن مةة  و  واللاتةةي ييةةكين ،السةةن

مينةةي اي واسةةتقلار الحمةة يةة  أ ةعمميةة إلةة دي ؤ نزيمةةات التةةي تةةتقةةوم بتنتةةاج اي ،ةعةةن الالتهابةةات ببكتيريةةا م ينةة ةعبةةار متلازمةةة مل
عوامةل خيةورة مرتبيةة  ةتوجةد عةدبالمون ايرجةوانيا  تمون البولمن الصبغات التي  م التربتوفان حيث ينتج عدد اانينالم روف باس

 ةالمقيمةة لفتةر  سةيرة البوليةةالبةول، اسمسةاك، الق ة، قمويةالتربتوفةان فةي الي ةام زيةادةالجةنس ايناةوي،  :همهةاأم  هةه  المتلازمةة ومةن 
 نقةدم هةه  الحالةة النةادرة يةلايةد البوليفينليةة المصةنوعة مةن كمور اسةت مال القسةيرة البو و  ،البكتيريا المسةببة، الفيةل الكمةوي ةوفر  ،ةيويم
وكةيس  ،وتغييةر القسةيرة البوليةة ،البةول ةوهلةك حسةر تقريةر زراعة ،بالمضاد الحيوي تمت م الجتها ،عاما 78بالغة من ال مرلسيدة 

ليةةة وكةةيس تجميةة  سةةبوم مةةن ال ةةلاج بالمضةةاد الحيةةوي وتغييةةر القسةةيرة البو أبالكامةةل ب ةةد رجةةواني المةةون ايتةةم اختفةةام تجميةة  البةةولا 
 االبول

 بنغازيا ايرجواني،المون  ،بتوفانالتر ميني الحم  اي ،القمويالبول  ،البوليةالقسيرة  البولية،مسالك التهابات ال :المفتاحيةالكممات 
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Abstract: Tetrology of Fallot (TOF) is the most common cyanotic congenital heart disease, ac-

counting for 10% of all types of congenital heart disease. Despite decreased mortality rates by im-

provement in surgery and post-cardiac intensive care, there continues to be late postoperative com-

plications. This study aimed to evaluate the outcomes after total repair of tetralogy of Fallot, includ-

ing 44 children who underwent complete surgical repair between 2000 to 2018. Data were collect-

ed from medical records and directly from patients during their visit to the clinic, that included: 

history, clinical examination, gender, age at operation, results of ECG, Holter monitoring, echocar-

diography, cardiac catheterization, cardiac CT scan. Follow-up ranged from 6 months to18 years. 

Results revealed that the M/F ratio was 1.4:1. Also, two patients had a previous palliative systemic 

artery to PA shunt. A TAP was inserted in 22 (50%) patients. Postoperative complications were: 

severe PR 29%, small residual VSD 18.1%, and two patients had significant VSD which needed 

surgical intervention, residual RVOT 8.1%, RBBB 97.7%, There was three death (6.8%), and 

36.3% of patients will need surgical intervention in the future. It was concluded that follow-ups up 

to adulthood to monitor potential complications are necessary. QRS duration is used for monitoring 

ventricular arrhythmia and sudden death. Echocardiography is a non-invasive tool in diagnosis, be-

fore and at the time of surgery, as well as in follow-ups. 

Keywords: Tetralogy of Fallot, congenital heart disease, surgery, Benghazi. 

INTRODUCTION 

Tetrology of Fallot (TOF) is the most common 

cyanotic congenital heart disease, accounting 

for 10% of all types of congenital heart disease 

with 0.23-0.63 cases per 1,000 births. It is 

composed of the overriding of the interven-

tricular septum, which results in 4 abnormali-

ties: sub pulmonary stenosis, ventricular sep-

tal defect (VSD), right ventricular hypertro-

phy, Aorta overriding of the interventricular 

septum (h Anderson & m Weinberg, 2005). 

The postnatal presentation is depending on 

the severity of RVOT obstruction. Severe ob-

struction leads to severe cyanosis in the neo-

natal period, which need prostaglandin thera-

py to maintain the patency of the ductus arte-

riosus. This will improve pulmonary blood 

flow, thus avoiding life-threatening cyanosis. 

It should then be followed by urgent pallia-

tive systemic artery to PA shunt (B-T shunt) 

(Kanter et al., 2010). Potential disadvantages 

of BT shunt include continuous pressure 

overload of the RV and persistent cyanosis. 

This leads to RV hypertrophy and hypox-

emia, which contributes to cardiomyocyte 

degeneration and interstitial fibrosis, which 

have been implicated in myocardial dysfunc-

tion and arrhythmias and it is reserved for 

those presenting with severe cyanosis or spe-

cific anatomical features such as the presence 

of coronary abnormalities (left anterior de-

scending artery arising from the right coro-

nary artery and crossing the RVOT, the exist-

https://doi.org/10.54172/mjsc.v35i3.252
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v35i3.252&amp;domain=pdf&amp;date_stamp=2008-08-14
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ence of multiple VSDs, and inadequate PA 

size(Bhardwaj et al., 2017) 

The optimal timing for elective complete re-

pair is 4 to 8 months of age. With the use of 

TAP, there is a decrease in residual pulmo-

nary stenosis with an increase of pulmonary 

regurgitation, which lead to right heart dila-

tion and dysfunction that need PV replace-

ment later on (Shahanavaz et al., 2018). In-

fundibulotomy, resection of obstructive mus-

cle bundles, and the use of a TAP to enlarge 

the pathway from the right ventricle to the 

Pas result in scar tissue and a noncontracting 

RVOT, which may progress to aneurysm 

(Naidu et al., 2017). There is also a risk of 

aortic root and ascending aorta dissection due 

to chronic AR, right ventricular dysfunction 

and dilatation, and PA stenosis. These com-

plications need monitoring by ECG where 

RBBB with prolongation of QRS complex is 

nearly universal (Smith et al., 2019). Ar-

rhythmias, ventricular tachycardia, atrioven-

tricular block, atrial flutter or fibrillation, are 

seen with increased frequency in the third 

and fourth decades of life. They increase the 

risk of sudden death to 2% per decade (Wu et 

al., 2018). All children need follow-up post-

operatively up to adulthood for monitoring 

potential complications that may necessitate 

early intervention. 

Therefore, this study was conducted to evalu-

ate the outcomes of the surgical repair of 

TOF. 

MATERIALS AND METHODS 

In this study, all children less than 18years of 

age underwent surgical repair of TOF. The 

follow-up period ranged from 3 months to 18 

years, in a cardiac clinic either at Benghazi 

Cardiac Center or AL-Hawary Hospital. Data 

was collected from medical records and di-

rectly from patients during their visit to the 

cardiac clinic including; history, clinical ex-

amination, gender, age at operation, type of 

surgery (TAP, plasty to main pulmonary ar-

tery and its branches, right ventricle outlet 

patch, BT shunt), results of; ECG for ar-

rhythmia and conduction abnormality, Holter 

monitoring (symptomatic patients), echocar-

diography for (pulmonary dilation, Right 

ventricle dilation, Tricuspid regurgitation, 

residual VSD, RVOTO, Aortic incompetence, 

and LVOLO), catheterization (3patients), and 

CT angiography (4 patients). Patients with 

pulmonary atresia, absent pulmonary valve, 

atrioventricular septal defects, and ASD were 

excluded from the study. 

Descriptive statistics were used in data analy-

sis. Data was analyzed manually, put in ta-

bles and presented as numbers and percent-

ages.   

RESULTS 

A total of 44 child operated for TOF. 26 

(59%) were male, and 18 (40.9%) were fe-

male with an M/F ratio of 1.4:1 (Table-1). 

Their age at operation ranged from 6 months 

to 17 years (Table-2). TAP was the most 

common surgical procedure used in 22 (50%) 

patients, and two patients had previous pallia-

tive shunts (Table-3). 

Table (1): Sex Distribution. 

Sex NO % 

Male 26 59% 

Female 18 40.9 % 

Table (2): Age at Time of Operation.    

Age  No,(%)          

<1year 4 (9%) 

≥1-2 years 17 (38.6%) 

>2-3 years 9 (20.4%) 

>3-4 years 3 (6.8%) 

>4 years 11 (25%) 

 

Table (3): Type of Operation. 

 

 Type   NO % 

TAP 22 50 

TAP with  RVOT Patch 16 36.3 

RVOT Patch 3 6.8 

BT shunt  2 4.5 

plasty to pulmonary                         

branches 
1               2.2 
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Regarding postoperative complications, re-

sidual VSD was found in 8 patients, among 

them 6 small or tiny. Two were moderate 

VSD, which needed surgical intervention. 

Moderate to severe pulmonary valve regurgi-

tation was detected in 13 (29.5%) patients, 

among them, 5 had RVOT Aneurysm, and all 

of them needed surgical intervention. Moder-

ate tricuspid regurgitation occurred in 6 

(11.3%) patients. RVOT obstruction with a 

pressure gradient of more than 40 mmHg was 

detected in 8 (18.1%) patients.  

 

3 (6.8%) patients died after surgery; 2 within 

30 days after surgery, one after one year with 

severe PR and right ventricle failure (Table 

4). RBBB in 97.7% bigeminy 2.3%, infre-

quent ventricular ectopic 4.5% (Tabel-5, 6). 
 

Table (4): postoperative complications.  
 

Complication NO % 

Residual TR 12 22.7 

           -Trivial  6 11.3 

           - Moderate  6 11.3 

Residual PR  13 29.5 

  Residual VSD  8 18.1 

       - Trivial to small  6 13.6 

       - Moderate to large 2 4.5 

 Residual RVOT obstruction * 8 18.1 

 Severe pulmonary stenosis 3 6.8 

 Death  3 6.8 

*Residual RVOT obstruction > 40 mmHg, 16% need re-
intervention. 

 

Table (5): Types of arrhythmia by ECG (No.44). 

 

Type NO % 

RBBB 41 97.7 

 QRS  >180 ms 2 4.5 

 Bigeminy                                  1 2.3 

 

Table (6): Types of arrhythmia by Holter monitor 

(No.4). 

Type NO % 

Infrequent unifocal VE 2 4.5 

Multi focal VE 1 2.3 

VT 1 2.3 

DISCUSSION 

TOF is the most common cyanotic congenital 

heart disease accounting for 10% of all types of 

congenital heart disease with and with male 

predominance. Male to female ratio was 1.3:1 

(Konstandina et al), 1.4:1(Smith et al., 2019). 

For 30 years, primary repair has become the 

standard of care, and it is recommended within 

the first 12 months of life. Giving excellent re-

sults in most centers with long term survivors 

living up to adulthood. As recommended in 

developed counties, the operation is per-

formed early in infancy, while in developing 

countries, it is performed at an older age (Lee 

et al., 2004)The median age for the operation 

was 8 months in Bangladesh (Zheng et al., 

2013) while in Macedonia it was 5 years 

(Hashemzadeh & Hashemzadeh, 2010), and 

9.5 years in a study by (Waqar et al., 2017). 

In this study, males predominated females 

with an M/F ratio of 1.4:1. This is similar to 

previous researches, but they are operated on 

at an older age due to: a delayed diagnosis, 

many patients were referred from outside 

Benghazi, and the lack of surgery facilities 

(there was a dependence on foreign cardiac 

surgery missions). Approximately 5% of chil-

dren need a reoperation due to various causes 

such as residual ventricular septal defects and 

residual RV outflow tract obstruction. Children 

with a TAP operation may develop varying de-

grees of pulmonary insufficiency later in life 

which leads to RV overload, RV distention, 

and failure.(Zheng et al., 2013). 

Various studies reported different results for 

TAP operation outcomes in (Ho et al., 2007) 

work where TAP was used in 38% of pa-

tients. after 36 years severe PR developed in 

14% of them, which is less than the number 

of cases described by (Lee et al., 2004) where 

TAP was used in 48.7% of operated cases, 

and 56.9% of them developed moderate PR 

after 10 years of follow-up. 

 

In this study, TAP was used in 50% of pa-

tients. 29.5% of them developed moderate 
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PR, which similar to what was reported 

by(Zheng et al., 2013), where 73.2% of cases 

were operated on by TAP, and 23.2% of them 

developed moderate to severe PR.  

  VSDs are seen postoperatively in 2% of pa-

tients; insignificant residual small VSDs are 

common, and large VSDs are poorly tolerated 

due to volume overload. Also, when shunt is 

2:1, it is an indication for reoperation (Waqar 

et al., 2017) and it is reported in 9.9% of pa-

tients in (Zheng et al., 2013) study.   

RVOT obstruction with pressure measuring 

more than 40 mmHg is another problem, seen 

in 5.2% of patients in(Waqar et al., 2017), 

and 16% of cases in the study by(Sirivella & 

Gielchinsky, 2014). In comparison, 8 patients 

in the current study developed residual VSD 

postoperatively, where 6 were small, and 2 

were large and needed reoperation. RVOT 

obstruction was seen in 7 patients. 

  Injury to the right bundle branch leads to 

RV hypertrophy with RBBB. The longer the 

QRS interval, the larger the RV mass and vol-

ume will be. When it is longer than 180 milli-

seconds (ms) with a rapid increase >3.5 ms / yr, 

there is a significant risk of ventricular ar-

rhythmias and sudden death, as (Scalone et al., 

2017) reported these complication in 5% of 

their patients at a later stage of life with an un-

known cause. Vehmeijer JT et al. reported 

right ventricular dilation associated with this 

complication.  

This is similar to the current study where 4.5 

% of patients after many years of their sur-

gery, were complaining of chest pain, had 

prolonged QRS, ventricular ectopic, right 

ventricular dilatation, and severe pulmonary 

regurgitation. RBBB was reported in 97.7% 

of the cases, similar to (Shahanavaz et al., 

2018), who studied 46 patients, all of which 

had RBBB. The survival rate of 92.2% in this 

current study, is near to (Zheng et al., 2013) 

where it is 96.4 %, and also 93.1% in (Karl & 

Stocker, 2016) study. 

CONCLUSION 

All children need follow-up for an extended 

period and up to adulthood after a TOF repair 

to monitor potential complications that may 

necessitate early intervention. QRS duration 

is used in monitoring patients as a predictor 

of ventricular arrhythmia and sudden death. 

Echocardiography is a non-invasive tool dur-

ing diagnosis, before and at the time of sur-

gery, in addition to follow-up. 
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٪ من أمراض القمب الخمقية. عمى الرغم من  10أكثر أمراض القمب الخمقية شيوعا والتي تمثل من ىو فالوت  ةرباعي :المستخمص
لا تػزال ىنػام مضػاعفات متػ خرة  .قمػبلم حسن فػي الجراحػة والعنايػة المركػزةتل نتيجةرباعي فالوت وفيات مرضى انخفاض معدلات 

 مػن الأطفػال 44لػ فالوت  ةية رباعيممالإصلاح الكامل لعإلى تقييم النتائج بعد مستقبمية الالدراسة  ىذه بعد العممية الجراحية. تيدؼ
الطبيػػة لممرضػػى  البيانػػات مػػن السػػجلات جمعػػتحيػػث . 2012و 2000لوت بػػين عػػامي فػػاباعيػػة ح كامػػل لعمميػػة ر خضػػعوا لإصػػلا

 عنػػد اجػػرا  الفحػ  السػػريرا والجػػنس والعمػر التػػاريخ المرضػى، :القمػػب بمػػا فػي ذلػػم خػػلال زيػػارتيم لعيػادةمباشػرة مػن المرضػػى و 
 صػػوير المقطعػػي المحوسػػب لمقمػػب،، التالقمػػب عبػػر الصػػدر صػػداتخطػػيط و  ، مراقبػػة ىػػولتركػػل مػػن تخطػػيط القمػػبونتػػائج العمميػػة 

 كانػت نسبة الذكور إلػى الإنػاثأن النتائج كشفت  ،سنة 12شيور إلى  6مية تتراوح من فترة متابعة المريض بعد العم .قسطرة القمب
 22لعػدد ( TP)حمقػة الصػمام الرئػوي  رقعػت .المرضػىمػن  2فػي  ضع وصمة صناعية قبػل عمميػة التصػميل الكامػلو  تم .1: 1.4
 VSDتشػػوه متبقػػى لمحػػاجز البطينػػي %، 21حػػاد  (PRئػػوي )ت المضػػاعفات مػػا بعػػد الجراحػػة: قمػػس ر مػػن المرضػػى. كانػػ%( 20)

، وانسداد متبقى لمخرج البطين حيمتبقية تحتاج إلى تدخل جراكبيرة فتحو لدييم  كان اثنين فقط من المرضىن كذلم فإ، و 12.1%
٪( مػن المػريض بحاجػة إلػى 36.3)و٪  6.2نام ثلاثة وفيػات كان ىو ( %97.3فرع الحزمة اليمنى ) كانت كتمةو %، 2.1الايمن 

ب القمػ تخطػيط، واسػتخدام موغ لمكشؼ عن المضاعفات المحتممػةحتى سن الب يجب متابعو المرضىو نستنتج أن. تدخل في المستقبل
أثنػػػا  قبػػل و و لتشػػخي  فػػػي ا جراحيػػة تمػػزمغيػػػر  اةأد يط صػػدا القمػػب ىػػوطػػػتخ، أن نظػػم القمػػػب والمػػوت المفػػاج  اضػػطرابلرصػػد 

 ة.الجراحة وكذلم في المتمبع
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Abstract: Breast cancer (BC) is the most common cancer among Libyan females. There are 

many important risk factors for BC in different populations as suggested by epidemiological 

studies. BC is an etiologically complex disease affected by genetic and other environmental 

factors, which include gender, age, previous breast cancer, body mass index, menopausal sta-

tus, postmenopausal hormonal therapy, reproductive factor, alcohol consumption, smoking 

and breastfeeding. The aim of this study was to investigate if  there is an association between 

risk factors and breast cancer among Libyan females. Data were collected by using question-

ers for 38 cases with breast cancer from Tripoli Medical Center and 100 controls from March 

2016 to February 2017. The results showed that risk of breast cancer was associated with age, 

the mean ages (± SD) of the case and control groups were 46.7 ± 15.6 and 38.8 ± 19.1 respec-

tively, age at the first birth (P=0.036), family history with first-degree relative percentage of 

the cases and control groups were 21% and 4% and second-degree relatives were 10.5% and 

13% respectively with statistical difference (P=0.042) and menopausal status (P=0.002). The 

risk decreased with breastfeeding (P=0.033). No association was observed between passive 

smoking (P=0.363) and the number of pregnancies and births (P=0.402). Data from this study 

indicated that there were some factors associated with breast cancer among Libyan females 

including age, age at the first pregnancy, family history and menopausal status.  

 

Keywords: Breast cancer, Risk factors, Libyan female. 

 

INTRODUCTION 

Breast cancer is the most common type of 

cancers among women; it is caused by a 

combination of genetic and environmental 

factors (Zhai et al., 2006). In Libya, breast 

cancer is also considered the most common 

cancer among females accounting for 26% of 

all female cancers (El Mistiri et al., 2007). It 

also accounts for 41.5% in 2012 (Bodalal et 

al., 2014). As well, two studies that were 

published recently in the western region of 

Libya, have stated that breast cancer in fe-

males was the most common cancer, repre-

senting 23.7 % (Elzouki et al., 2018) and 20.6 

% (of cancer cases Elzouki et al., 2018). 

Worldwide, breast cancer comprises 22.9 % 

of all cancers in women (Oldenburg et al., 

2007), and more than 1.6 million new cases 

of BC worldwide have been reported in 

2010(Forouzanfar et al., 2011). Most breast 

cancers were reported to occur in women 100 

times more likely than in men (Richie & 

Swanson, 2003). 

Epidemiological  studies have suggested that 

there is an association between some risk fac-

tors with BC including genetic and other fac-

tors, such as gender, body mass index, post-

menopausal, hormonal therapy, reproductive 

factor, alcohol consumption, smoking and 

breastfeeding (Lyytinen et al., 2010; 

MacMahon, 2006; Richie & Swanson, 2003; 

Seitz et al., 2012; Singletary, 2003; Van den 

https://doi.org/10.54172/mjsc.v35i3.270
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v35i3.270&amp;domain=pdf&amp;date_stamp=2008-08-14
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Brandt et al., 2000). BC risk factors are not 

well reported in Libya. For this reason, this 

paper, aimed to study association between 

BC and risk factors in Libyan women. 

MATERIALS AND METHODS 

Study subjects: The study was carried out 

from March 2016 to February 2017. BC pa-

tients participated from Tripoli Medical Center 

and control subjects were from different cities 

of Libya. The study cases included 38 women 

aged 16 to 77 years with confirmed diagnosis 

of BC, while 100 women aged 16 to 75 years 

free of BC were considered as a control group. 

All subjects completed an in-person interview 

that used well-structured an Arabic form ques-

tionnaire, taking an account the name, age, age 

of discovering the disease BC, if they have rel-

atives with breast cancer, family history, smok-

ing, if the patient is premenopausal or post-

menopausal, marital status, number of births, 

age at first pregnancy, breastfeeding and rou-

tine doing self-examination or not.  

Statistical analysis: Comparisons between 

groups and risk factors have been evaluated 

using Pearson chi-square test (P= 0.05). We 

estimated the association between different fac-

tors and the risk of BC using logistic regression 

analysis. All statistical analyses have been im-

plemented in SPSS version 19.0 (SPSS, Chica-

go, IL). 

RESULTS 

A total of 138 Libyan women were enrolled in 

this study, among them 38 were inffected with 

BC (cases) and 100 were free of BC (con-

trols). All study subjects completed an in- per-

son interview that used an Arabic form ques-

tionnaire to assess and observe risk factors of 

BC in both groups. The distribution of sus-

pected risk factors of BC has also been inves-

tigated in case and control groups.  

The mean ages of case and control groups 

were 46.7 and 38.8 respectively with a signifi-

cant difference (P=0.0023) between them. BC 

in case group according to Age  is summarised 

in figure 1. Ages varied between 16 and 77 

years, the most of BC cases about 90% ap-

peared between 30 to 50 years old, while the 

highest incidence of BC appeared between the 

ages 35 and 45 years old. 
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Figure: (1).  Histogram of ages of breast cancer cases 

 

Breastfeeding and family history results 

showed differences between cases and controls. 

The frequency of breastfeeding in cases was 

52.63% while it was 53% in the controls (P= 

0.033) as illustrated in table 1. In addition, dif-

ference (P= 0.042) between BC incidence and 

family history of BC was found between cases 

31.5% and controls 17% as shown in table 2. 

Table 1: Analysis of  breastfeeding in BC cases and con-

trol groups 

Frequency 

of breast 

feeding 

Cases 

n (%) 

Controls 

n (%) 
P value 

Yes  20 

(52.6%) 

35   

(53%) 

23255 

No  18 

(47.4%)  

47  

(47%)   

 

 

Table 2: Analysis of family history in BC case and 

control groups 
 

Frequency of 

family history 

Cases n 

(%) 

Controls 

n (%) 

P value 

Yes 12 

(31.6%) 

 17  

(17%) 

232.2 

No 26 

(68.4%)  

  83  

(83%) 
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The number of women that delivered at their 

first birth in BC cases was 28 and in controls 

was 55. Age of women at their first delivery 

showed statistical difference between the cases 

and controls with (P= 0.036) as illustrated in 

table 3, these results suggested that there was 

an association between breastfeeding, family 

history and the ages of women at their first 

pregnancy and the occurrence of BC in Libyan 

women. The results demonstrated a significant 

difference with (P=0.002) between BC inci-

dence and menopausal status of BC between 

cases and controls as seen in table 4. All re-

maining factors showed no significant differ-

ence between cases and controls as summa-

rized in tables 5 and 6, passive smoking (P= 

0.363), number of pregnancy and births, (P= 

0.402). 
 

Table 3: Analysis of ages of BC cases and controls 

at their first birth   
 

Frequency of 

ages at first 

birth 

Cases n 

(%) 

Controls n 

(%) 

P value 

15-20 9 (32.1%) 28 (50.9%) 23250 

21-25  14 (50%)    16 

(29.0%) 

 

26-30  2  (7.1%)   7 (12.7%)  

31-35      3 

(10.7%) 

4   

(7.3%) 

 

 

Table 4: Analysis of menopausal status in BC case 

and control groups 

 

Menopausal 

status  

Cases  

n (%) 

Controls 

n (%) 

P value  

Yes            20  

(52.6%) 

25  

(25%) 

0.002 

No  18 

(47.4%) 

75  

(75%) 

 

Table 5:  Analysis of passive smoking in BC case and 

control groups 

 

Frequency 

of family 

history 

Cases 

 n (%) 

Controls 

n (%) 

P value 

Yes (%5.33).2  

 

 17(17%) 232.2 

No 26 

(68.4%)  

83 

(83%) 

 

 

Table 6:  Analysis of number of pregnancy and births in 

BC case and control groups 

 

Frequency of 

number of 

pregnancy 

and births 

Cases  

n (%) 

Controls 

n (%) 

P value  

1-6     23   

(223.%)  

   33  

(02%) 

23.22 

7-12 5 

(..31%) 

     22  

   (40%)  

 

 

The study highlights the importance of early 

detection and self-examination among Libyan 

women, as results showed that 34.2% of cases, 

discovered the disease by self-examination 

whereas 65.7% of patients did not, however, 

76% of control cases did not carry out self-

examination and results showed no significant 

differences (P= 0.160) as illustrated in table 7. 
 

Table 7: Analysis of self-examination in BC cases and 

control groups 

 

Frequency of self 

examination  

       Cases   

        n (%) 

     Controls  

       n (%) 

Yes  .5  (34.2%) 2. (24%) 

No  23   (65.8%) .0   (76%)  

 

DISCUSSION 

The present study has examined the association 

between the risk factors and BC in Libyan 

women. Breastfeeding frequencies were signif-

icantly different between cases and controls 

(P=0.033), suggesting the protective effect of 

breastfeeding against BC in Libyan women. 

Simelar results were reported from Nigeria 

(Okobia et al., 2005), USA (Stuebe et al., 2009) 

and Sri Lanka (De Silva et al., 2010). In addi-

tion, Helewa suggested that such a protective 

association might be due to the reduction of 

endogenous and exogenous carcinogens pre-

sent in the breast epithelial cells during lacta-

tion (Helewa et al., 2002). The current work 

illustrates that there is an association between 

BC and family history in case and control 

groups (P=0.042), these findings suggests a 

positive genetic impact of family history on BC 
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risk in Libyan females. This result is in agree-

ment with previous studies (Phipps et al., 2010; 

Singletary, 2003). 

The results showed differences (P=0.036) in 

relation  to age at first pregnancy between case 

and control groups. This outcome is consistent 

with other epidemiological studies that showed 

a protective role for the early full-term preg-

nancy against BC in developed and industrial 

countries (Phipps et al., 2010; Soerjomataram 

et al., 2007).   

The findings of the present research work 

demonstrated that the mean age of patient was 

46.7 years and the hieghest percentage was be-

tween 35 and 45 age, which implies that risk of 

BC increases as age increased. These data are 

in agreement with earlier report (Ermiah et al., 

2012), which revealled that the average age of 

women affected with BC was 45.4 years as 

well as other study (Phipps et al., 2010) which 

indicated that  the average age of BC patient 

was 48 years in Arab world. 

The current study indicated no association (P= 

0.363) between BC and passive smoking. Fur-

thermore, several studies were reviewed (Terry 

& Rohan, 2002) and showed an association be-

tween smoking and BC, whereas others showed 

a lack of such association. However, number of 

smokers amongst Libyan cases and controls 

were relatively small to be considered for asso-

ciation study.Similarly, the lack of association 

between number of pregnancies and births 

among Libyan patients and controls (P= 0.402) 

was in agreement with other studies in USA 

(Dietz et al., 1995) and Iran (Mahouri et al., 

2007).   

The present study has demonstarted that Liby-

an women who made self-examination were 

noticeably less than those who did not, since 

65.7% of cases and 76% of control cases did 

not carry out the procedure as a prevention 

measurement. The results indicated lack of 

public awareness about the importance of early 

detection among Libyan women. Therefore we 

argue for immediate effective awareness pro-

grams to reduce breast cancer mortality among 

Libyan women. 

The current findings supports the hypothesis 

that there is association between important risk 

factors and BC among the Libyan women and 

it would be useful to know and understand 

them to contribute to disease control and pre-

vention. However, the present study faced sev-

eral limitations including, small number of  pa-

tients included in comparison to breast cancer 

percentage among Libyan women. In future 

studies, we recommend that he sample size 

should be larger to obtain significant answer 

about the association between risk factors and 

breast cancer. Moreover, we encourage as-

sessing other important factors such as genetic 

factors and considering analysis of DNA muta-

tions from study tissues and blood samples 

from BC cases. Genetic studies are very valua-

ble to discover the genetic role in breast cancer 

of the Libyan population.  

CONCLUSION 

In conclusion, the present study has indicated 

that there is an association between the risk of 

breast cancer and several factors including age, 

age at the first pregnancy, family history and 

menopausal status.  
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كثرر  نررواع السررطانات ارريو ا برين النسرراا  رري ليبيرا, وقررد  ثبترت  رردة دراسرات سررابقة وجررود ان الثرد  مررن  يعتبررر سرررط:  مخصست الم
 ,وسررن اليرر س ,والرضررا ة ,والسررمنة ,والعمررر ,نرروع الجررنس سرررطان الثررد  لرردث ا نرراث مثررلب وراثيررة وبيةيررة مرتبطررة با  ررابة  وامررل

رطان الثد  لردث النسراا هم  وامل خطر ا  ابة بستناول الكحول. تهدف هذه الدراسة إلى معر ة  و  ,والتدخين ,والعلاج الهرموني
 52)المجمو رة الضرابطةو ومرنهن ييرر م رابة بسررطان الثرد   22., ماراركة 52. امل  مرىدراسة هذه العو  تتمالميبيات, حيث 

بيان النسراا الميبيرات وذلرك باسرتخدام اسرت  رابة بسررطان الثرد  لردثلمعر ة ارتباط هذه العوامرل مرا ا  منهن م ابة بسرطان الثد 
تضمنت العمر, العمرر  نرد اكتاراف المررل, التراريخ العراةمي لممررل,  هم  وامل خطر ا  ابةيضم مجمو ة من الأسةمة حول  

وترم توزيرا   ., الفحر  الرذاتيول حمرل, الرضرا ة ية,  دد مرات الحمرل, العمرر  نرد  , سن الي س, الحالة الاجتماالسمبي التدخين
بسررطان  ا  رابةخطرر بر ن لنتاةج ظهرت ا . SPSSتحميل البيانات  ن طريق البرنامج ا ح اةي  , و مى المااركات الاستبيان

   ±5282)والمجمو رة الضرابطة ± 15.6)   .03.)مرن مجمو رة المرضرى متوسرط العمرر  ري كرل الثد  مررتبط برالعمر حيرث كران 
 وضرحت الدراسرة . (P=0.002), سرن الير س (P=0.042), التراريخ العراةمي لممررل وP=0.036)نجاب , العمر  ند  ول إ19.1)

وجود  لاقة برين سررطان  لم تتثبت الدراسة ،(P=0.033)لدث النساا المرضعات ينخفل معدل خطر ا  ابة بسرطان الثد  ن  
وجررد  ن النسرراا  ررلاوة  مررى ذلررك,  ,P=0.402)) مناسرربات الحمررل والررولادةو رردد   (P=0.363)مررن الترردخين السررمبي الثررد  وكررل

لرى زيرادة  ري حمرلات التو يرة ب هميرة الفحر  الرذاتي والكارف المبكرر وذلرك لزيرادة  رر  النجراة مرن هرذا المررل. الميبيات تحتاج إ
 ,مرن العمرر الميبيرات وتارمل كرل بسرطان الثد  لدث النسراا ةبطة با  اب ن هناك  وامل مرتنستنتج من خلال نتاةج هذه الدراسة 

 الي س.وسن  ,نجابإ ول, والسن  ند  ميو التاريخ العاة

  .خطر, ا ناث الميبياتالسرطان الثد ,  وامل :  الكممات المف احية
 

 

(Consultation, 1999) 
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يجتتاد ألضتتلنتتتا المرجعتتي –تقيتتيم أداء تستتا نمتتا ب للستتا  البختتر لغتترضىتت ه الدراستتة  أجريتت  :المستتتخم   لفتتاو انمتتو ب لبتتديل  وا 
مونتيتث –الفتاو بنمتان تشتملنتو   تر  ليبيتاا  النمتا ب المستتخدمة جبمنطقتة تترا ن ث )المرجعي لتي ىت ه الدراستةي لتي مونتي–بنمان

تتتتايمور وماكينتتر وتتتورر وثورنثويتتت  وخرولتتة ومتتاككلاودا  تتتتم –ستتماني وبريستتتمي–كريتتدل وىتتتارقريفز–الفتتاو اعشتتعاعي والفتتتاو بلانتتيو 
متوستط خطت  التليتز، ومعامتل التلديتد،  الج ر التربيعتي لمتوستط مربتا الخطت ، :مقارنة النما ب باستخدام المعايير اعلصائية التالية

ظيرا زيادة أكريدل –او اعشعاعي والفاو بلانين  النتائج أن نمو جي الف، وكفاءة النمو ب، واختبار تيا  بيَّ المُلسَّن ومؤشر التوالق 
خرولة  اأظير نمو ج  %ا16.06% إلى 0.64لي جميا أشير السنة وتتراوح نسبة الزيادة من المقدَّرة نتا المرجعي –البخر قيملي 

ا تتتتتتتتنت–لتي تقتدير البخترنمتا ب نتا المرجعي خلال أشير وتقميل خلال أشيرٍ أخريا  قممت  بقيتة ال–لي تقدير البخر زيادةوماككلاود 
قتتيم لمؤشتتر  ىعمتتأاعي ظيتتر نمتتو ب الفتتاو اعشتتعأ%ا  6.02-% إلتتى -86.69ن تتتتتتتتا متتتتتتتتتتتتة يتتتراوح مداىتتتتتتتتتتتتمتفاوت ي بنستت ٍ تتتتتتتتتالمرجع
يتوم ي، إضتالة /متم 0.534دني قيمة لمج ر التربيعتي لمتوستط مربتا الخطت  )أي و 0.951ي وكفاءة النمو ب )0.892) المُلسَّن التوالق 

ي، وىت ا يضتعو 0.473ي ومتوستط خطت  التليتز )0.993نمو ب الفاو اعشعاعي ثتاني ألضتل القتيم لمعامتل التلديتد ) ى لر أعط ىال
مونتيتتث القياستتي لتتي منطقتتة الدراستتةا  يمتتي نمتتو ب الفتتاو اعشتتعاعي لتتي –الأولتتي والبتتديل الألضتتل لنمتتو ب الفتتاو بنمتتان لتتي المرتبتتة
وكفتتاءة النمتتو ب  0.851ر ابمقتتد المُلسَّتتن ثتتاني ألضتتل القتتيم لتتي مؤشتتر التوالتتق  ىكريتتدل ليتتث أعطتت–نمتتو ب الفتتاو بلانتتيالترتيتت  
، 0.989بمقتدار  قيمتة لمعامتل التلديتد ىعمتأيتوم، وثالتث /متم 0.845الخطت  بمقتدار والجت ر التربيعتي لمتوستط مربتا 0.878 بمقتدار

المرتبتتة  ىونمتتو ب خرولتتة عمتت ،ولتت لر صُتتن  لتتي المرتبتتة الثانيتتةا  ولقتتا لممعتتايير الستتابقة، لتتاز نمتتو ب تتتورر عمتتى المرتبتتة الثالثتتة
ومتتتاككلاود لتتتي المراتتتت  الخامستتتة والسادستتتة  ،ثويتتت ثورنو  ،تتتتايمور–وبريستتتتمي ،وماكينتتتر ،ستتتماني–ولمتّتت  نمتتتا ب ىتتتارقريفز ،الرابعتتتة

–معنويتة بتين نمتو ب الفتاو بنمتان وجود لتروق  5 %معنوية ظير اختبار تي عند مستويأالتواليا   ىعموالثامنة والتاسعة، والسابعة 
 مونتيث وجميا النما ب ما عدا نمو جي خرولة وماككلاودا

 ،ستماني–ىتارقريفز ،تتورر ،كريتدل–الفتاو بلانتي ،الفتاو اعشتعاعي ،مونتيتث–و بنمتاننتتا المرجعتي، الفتا–البختر  :يتةمفتاحالالكممتا  
 .                          ماككلاود ،تايمور–بريستمي ،ثورنثوي 

 لمقدمةا
اليتواء  لتىإىو مصطما يص  انتقتال المتاء  ي(ETنتا –البخر

لدثان معتاً مميتي البخر والنتا وىما عمميتان تالجوي بواسطة ع
من العوامل نتا –البخركل متزامن لي نظام التربة والنبا ا  بش
متتتتتة لتتتتتي الدراستتتتتا  المناخيتتتتتة والييدرولوجيتتتتتة وكتتتتت لر لتتتتتي المي

الأعمتتتتتال المتعمقتتتتتة بتتتتتلدارة المتتتتتوارد المائيتتتتتة والدراستتتتتا  البيئيتتتتتة 

(Sentelhas نتتتا –مبختترا  التلديتتد الكمتتي لي5282 ،وآختترون
التتتي  (ETo)عتتي المرج نتتتا–البختترقتتيم   البتتا متتا يتطمتت  تقتتدير

الالتياجتتتتا  تستتتتتعمل بشتتتتكل واستتتتا لتتتتي ىندستتتتة التتتتري لتلديتتتتد 
التتي تعتبتر متن البيانتا  الأساستية المطموبتة  المائية لمملاصتيل

أنظمتة التري الجديتدة وكت لر إدارة  تصتميملي عمميا  تخطيط و 
 ،Allenو Droogers  ) ميتاه التري لتي أنظمتة التري العاممتة

https://doi.org/10.54172/mjsc.v35i3.299
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v35i3.299&amp;domain=pdf&amp;date_stamp=2008-08-14
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–نتو معتدل البخترأ ىرجعتي عمتنتتا الم–  البخرعرَّ يُ يا  2002
متتتر  2185نتتتا متتن ملصتتول عشتتبي التراضتتي لتتو طتتول يبمتت  

 2155متتر وانعكاستية /ثانيتة 02ومقاومة ستطلية ثابتتة مقتدارىا 
نتتا متن ستطا عشتبي أخضتر -البخرلد كبير  ىمتر ويشبو إل

شاستتتتا المستتتتالة وبارتفتتتتاع منتتتتتظم وينمتتتتو بشتتتتكل لعَّتتتتال ويظمتتتتل 
 و Allenء )ن نقتتص لتتي المتتاالتربتتة بشتتكل كامتتل ولا يعتتاني متت

   يا8221ن، وآخرو 

لتتتي تقتتتدير   (ETc)نتتتتا لمملصتتتول–يستتتتخدم مصتتتطما البختتتر
مصتتتتطما عتتتتن ىتتتت ا الر عب تتتتيُ و الالتياجتتتتا  المائيتتتتة لمملاصتتتتيل 

نتتتتا متتتن ملصتتتول ختتتالي متتتن الأمتتتراض وجيتتتد التستتتميد –البختتتر
 يستتا تلتت  ظتترو  متتاء تربتتة مثتتالي ويعطتتوينمتتو لتتي لقتتل شا

 ،نوآخرو  و Allen)   مناخية معينةإنتاجية كاممة تل  ظرو 
باستتتتتتتتخدام  نتتتتتتتتا لمملصتتتتتتتول–البختتتتتتتر يمكتتتتتتن قيتتتتتتتاس  .ي8221

يتتتة عالالملتتتدودة الاستتتتخدام بستتتب  كمفتيتتتا  ولكنيتتتااللايستتتيمترا  
يمكتتتتن   .ي8221 ،نوآختتتترو  و Allen)  الخبتتتترة ولاجتيتتتتا إلتتتتى
 ي بتتتدلًا متتتن قياستتتو و لتتترETc) نتتتتا لمملصتتتول–لستتتا  البختتتر

 يkc) لتتي معامتتل نتتوعيي ETo)نتتتا المرجعتتي –البختترضتتر  ب
لتتتتتي العقتتتتتود طتُتتتتو ر  يا  Jensen ،8291) يختتتتتص الملصتتتتتول
لتقدير  يرياضية معادلا )العديد من النما ب الخمسة الماضية 

ة نتتا المرجعتي لتي أنلتتاء مختمفتة متن العتالم وتتبتاين دقتّت–البختر
ن بتتيَّ ت  ، و الظتترو  المناخيتتةاختتتلا  ىتت ه النمتتا ب الرياضتتية متتا 

 Allen)العالمي ملدود  ىالمستو  ىعم ياخدامصلالية استأن 
 يPenman ، 8221ن )ر بنمتتتتتتتتاطتتتتتتتتوَّ   اي8221ن، وآختتتتتتتترو  و

للستا  البختر متن ستطا متاء مفتتوح وتربتة  يتتر  نمتو ب نظتري
انتقتتتال  معادلتتتةميتتزان الطاقتتتة متتتا  معادلتتتةمغطتتاة بواستتتطة دمتتتج 

وامل المقاومتة تتتتتع يMonteith ،1965مونتيث ) دمج  الكتمتةا
 امت ىلموصول إلو ب بنمان تتنملي ة تة السطليتة والمقاومتتاليوائي

- (Monteith modelثتتتتتمونتي–انتنمتو ب بنمتبر  الآن تيُعت
Penmanختتلال  يالفتتاو) أوصتت  منظمتتة الأ  يتتة والزراعتتة  اي

باستتخدام نتتا المرجعتي –البختربتقتدير سبعينا  القرن الماضي 
 ،بنمتتتان الفتتتاوو  ،يةاعشتتتعاعالفتتتاو و  ،كريتتتدل–بلانتتتيالفتتتاو  نمتتتا ب

 أثبتتتتتت ا  يPruitt، 8200و  (Doorenbos ولتتتتتوض البختتتتتر

 ،المقترلتتتتةالفتتتتاو الأربعتتتتة  نمتتتتا بضتتتتع  الدراستتتتا  البلتتتتوث و 
لا تستمر نفتس التنيج لتي المواقتا المختمفتة متن  أنيتاوظير جمياّ 

 يا 5282 وآختتترون Pereira؛8221 ،وآختتترون Allen) العتتتالم
إيجتتتتتتاد لتتتتتي  ةالمستتتتتتخدمطتتتتترق المنيجيتتتتتتة  خبتتتتتراء الفتتتتتاو رطتتتتتوَّ 

نتتتتتا –تقتتتدير البختتتترب اوأوصتتتتو  ،الالتياجتتتا  المائيتتتتة لمملاصتتتيل
ث مونتيتت–نمتو ب بنمتانالصتورة المعدَّلتة متن ستتخدام با المرجعتي
Allen) ماكينتتتتتتتتتتر ) قتتتتتتتتتتدميا  8221 ،وآختتتتتتتتتترونMakkink، 
نتتا –بيانا  اعشعاع لتقتدير البختر ىعتمد عمي اً نمو ج 1957)
ر تتور  قتدَّموديناميكيتةا  يمل النمتو ب العوامتل اعير يو  ،المرجعي
Turc)،8298 نتتتتتتتتتتا المرجعتتتتتتتتتي–البختتتتتتتتترللستتتتتتتتتا   اً نمو جتتتتتتتتتي 

 مقتتتدَّ  كتتت لر،  باستتتتعمال درجتتتة اللتتترارة واعشتتتعاع الشمستتتي لقتتتط
 اً نمو جتتتتتت يTaylor، 1972و  Priestleyر )بريستتتتتتتمي وتتتتتتتايمو 

ر ا  طتتتتتتتتوَّ يErda، 2005و  Liu) يتطمتتتتتتتت  بيانتتتتتتتتا  ملتتتتتتتتدودة
ي Samani، 1985و  Hargreavesي )ىتتتتتتتتتتتتتارقريفز وستتتتتتتتتتتتتمان

نتتتتتا المرجعتتتتي لتتتتي المنتتتتاطق –للستتتتا  البختتتتر اً تجريبيتتتت اً نمو جتتتت
أجريت  دراستة  ر درجتة اللترارة لقتطا تتول   الجالة يتطم  تطبيقتو

موسعة تل  ظرو  مناخية متباينة، برعاية الجمعية الأمريكية 
ن طريقتتتة لتقتتتدير يي، لتقيتتتيم عشتتتر ASCEلمميندستتتين المتتتدنيين )

بيانتتتتتا  مستتتتتجمة متتتتتن  موعتتتتتةنتتتتتتا المرجعتتتتتي قياستتتتتاً بمج–البختتتتتر
لتتول العتتالما  أكتتد   اعشتتر موقعتتاّ موزعتت لتتدألايستتيمترا  لتتي 

الدراستتة وجتتود تبتتاين واستتا لتتي أداء ىتت ه الطتترق تلتت  ظتترو  
  يا1990وآخرون،  Jensenمناخية مختمفة )

 Matzarakisو Xystrakis ) س كر كزايستتراكس ومتاتزاراك 
نتتائج متن ظيترا ألضتل أوتتورر  ،ىانسن ينمو ج ني أ2011 ،

نمو جتتا تتتم  تقييميتتا لتتي جزيتترة كريتت  بجنتتو  اليونتتانا   85بتتين 
بتيَّن العديتتد متتن البتتالثين أن نمتتو ب تتتورر أظيتتر أداءً جيتتداً لتتي 

 Amatyaا )شتتتتمال كارولينتتتت :والدالئتتتتة مثتتتتل ،المنتتتتاطق الرطبتتتتة
بالولايتتتتتتتتا  المتلتتتتتتتتدة الأمريكيتتتتتتتتة ولموريتتتتتتتتدا  ي8222 ،نوآختتتتتتتترو 

(Irmak  2003 ،نوآختتتتتتتتتروbد والينتتتتتتتتت ي(George  نوآختتتتتتتتترو، 
ن، تتتتتتترو تتتتتتوآختت Junior)البرازيتتتتل بلتتتتي شتتتترق الأمتتتتزون و  ي2002
 ،Sattiو Jacobs )ي س وستتاتباكو تتتتتتتتتتتج بتتيّنا تتتتتتكميا  2017
نمتتتو ب ن أ لموريتتتدا بالولايتتتا  المتلتتتدة الأمريكيتتتةلتتتي  ي2001
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أمتتا  ،عمتتى المقيتتاس الشتتيري والستتنويأداءً الألضتتل كتتان تتتورر 
ا  بيَّنتت  نتتتائج دوقتتلاص صتتير ليتتو  يتتر دقيتتقعمتتى المتتدى الق

 نفتتتتتس المنطقتتتتتة لتتتتتيي و 5222 ،وآختتتتترون Douglasوآختتتترون )
ألضتتتتل النتتتتتائج  أعطتتتتى تتتتتايمور–بريستتتتتميي أن نمتتتتو ب لموريتتتتدا)

 ا نمتتو ب تتتوررمقارنتتةً بالنمتتا ب الأختترى التتتي كتتان متتن ضتتمنيا 
نتا –أن نمو ب تورر ملائم للسا  البخر عديدة دراسا  بيَّن 

و  Nandagiriة )  الرطبتتة وتلتتق الرطبتتلي المناطتالمرجعي 
Kovoor، 2006 ؛ Trajkovic  وKolakovic، 2009 ؛ 
 Fisher وPringle ، 2013ي )طبتتار كمتتا بتتيَّن ا  يTabari، 

ىتتتو الألضتتتل لتتتي المناختتتا  الرطبتتتة أن نمتتتو ب تتتتورر ي 2010
  ىتتتو الألضتتتل ستتتماني –نمتتتو ب ىتتتارقريفزالبتتتاردة والجالتتتة بينمتتتا 

ز  بعتتتتض لتتتتي المناختتتت ا  الرطبتتتتة الدالئتتتتة وشتتتتبو الجالتتتتةا  عتتتتزَّ
       لتي المنتاطق الجالتة كبتديل طريقتة ىتارقريفز الدراسا  استتعمال 

 ؛Allen، 2003و Hargreaves) ةتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتوشتتتتتتتتتتتتتتتتتتتبو الجال
Tabari،2010 ؛Raziei وPereira ،2013؛ Sheikh 

، Tabariو  Sabziparvar ؛Mohammadi، 5285و
، ي5229ن، وآختتتتتتتترو  Alkaeedة )رطبتتتتتتتتال والمنتتتتتتتتاطق ي2010
–نمتتتو ب ىتتتارقريفزلتتتم تتتتدعم بعتتتض الدراستتتا  استتتتعمال بينمتتتا 

 Djaman) ةتتتتتتتتتتتتتتتتتتتتتتتتتتتتتلتتتتي المنتتتتاطق الجالتتتتة وشتتتتبو الجالستتتتماني 
، Sheffieldو  Rojasي والمنتتتاطق الرطبتتتة )2015ن، وآختتترو 
 يا  2013

م ستتتتتتتتو ورولتتتتتتتتتأظيتتتتتتتتتر  نتتتتتتتتتائج كابورو  ،لتتتتتتتتي شتتتتتتتتمال البرازيتتتتتتتتل
(Caporusso  وRolim ، 2015 بريستتتتتتتتميأن نمتتتتتتتو ب  ي–

متتتتن  يغربتتتتالوستتتتط اللتتتتي منطقتتتتة بينمتتتتا  ،الألضتتتتلو ىتتتت تتتتتايمور
 ي5288 ،نوآخرو  Oliveiraن )ل اوليفيرا وآخرو البرازيل تلصَّ 

تتت–عمتتتى دقتتتة مقبولتتتة باستتتتخدام طريقتتتة ىتتتارقريفز د  ستتتمانيا  أكَّ
دراستة  منيتا نتائج واعدة ىأن نمو ب تورر أعطا  عديدة دراس

ا متارتينيز وثيباديتو  ي2008 ،نوآخترو  Irmakن )ايرمتار وآخترو 
(MartinezوThepadia، 2010 ن ويتتتتتتتتتتتتتتتتتتتتتتتودير وآختتتتتتتتتتتتتتتتتتتتتتترو ي
(Yoder  نمتو ب الفتاو اعشتعاعي  أعطتى  اي2005 ،نوآخرو 

مقارنة ببيانا  لايستيمتر ألضتتتل النتتائج  لتي منطقتة شتبو جالتة 
 كيمبرلتتتتتتي–نمتتتتتتو ب بنمتتتتتتانبجنتتتتتتو  شتتتتتترق إيتتتتتتران، ويميتتتتتتو ثانيتتتتتتاً 

(Penman-Kimberly 1996) نمو ب الفتاو بنمتانثالثاً  ثم–
–كريتتدل وىتتارقريفز–لفتتاو بلانتتيا ب انمتتبينمتتا أظيتتر   ،مونتيتتث

  يا2011ن، وآختتتترو  Bakhtiari) يئتتتتاً رد ستتتتماني وماكينتتتتر أداءً 
و  Razzaghiوسيباستتتتتتتتخا ) دعمتتتتتتتت  نتتتتتتتتتائج دراستتتتتتتتة رزَّاقتتتتتتتتى

Sepaskhah، 2010 عنتتتدما  ينمتتتو ب الفتتتاو اعشتتتعاعي تفتتتو ق
تتتتتتولر قياستتتتا  درجتتتتة اللتتتترارة واعشتتتتعاع بينمتتتتا يتفتتتتوق نمتتتتو ب 

 لتي  عندما تتولر قياسا  درجة اللترارة لقتطا سماني–ىارقريفز
 5النمتتتتتتو ب اعشتتتتتتعاعي ايرمتتتتتتارظيتتتتتتر أ ،شتتتتتتمال شتتتتتترق الينتتتتتتد

(Irmak3متستتتاوياً وجيتتتداً وىمتتتا الألضتتتل  أداءً  ونمتتتو ب تتتتورر ي
نتتتتتا المرجعتتتتي –ثمانيتتتتة عشتتتتر نمو جتتتتاً لتقتتتتدير البختتتترمتتتتن بتتتتين 

(Pandey  ا ي2016ن، وآخرو  

% مقارنتتة  8112بمقتتدار  ىعمتتأنتتتائج نمتتو ب ىتتارقريفز  ىأعطتت
شتتتمال شتتترق ب رطبتتتة مونتيتتتث لتتتي منتتتاطق–بنمتتتو ب الفتتتاو بنمتتتان

ن تشتتن وآختترو  نتت  نتتتائجبيَّ   اي8220 ،نوآختترو  Berti)إيطاليتا 
(Chen  2005ن، وآختتتروbبلانتتتيكتتتل متتتن  ب انمتتت أداء أن ي–

تتتايمور –ستتماني وخرولتتة وماكينتتر، وبريستتتمي–زكريتتدل وىتتارقريف
 أعطتتتتى  اكتتتتان بعيتتتتداً عتتتتن أداء النمتتتتو ب المرجعتتتتي وىتتتتارقريفز

لتتي النتتتائج ستتماني ألضتتل –تتتايمور وىتتارقريفز–بريستتتمي انمو جتت
المنتتتاطق الجالتتتة وشتتتبو الجالتتتة لتتتي الصتتتين، بينمتتتا كتتتان نمتتتو ب 
ماكينر ىو الألضتل لتي المنتاطق الرطبتة متن الولايتا  المتلتدة 

  نتتتتتتتائج كوردولتتتتتتا دلَّتتتتتت  اي2017ن، وآختتتتتترو  Gao) مريكيتتتتتتةالأ
نتتا –أن لستا  البختر ي2015،نوآخترو  Córdovaن )وآخترو 

مونتيتتتث لتتتي ظتتترو  –المرجعتتتي باستتتتخدام نمتتتو ب الفتتتاو بنمتتتان
لتتتتي   ا% 52بيانتتتتا  مفقتتتتودة يتتتتؤدي إلتتتتى أخطتتتتاء تصتتتتل إلتتتتى 

جوشتتتاني نتتت  نتتتتائج بيَّ ، منتتتاطق جالتتتة ورطبتتتة لتتتي شتتتمال إيتتتتران
داء الأنمتا ب ألضتل ي إن 2015ن، وآخرو  Joshaniن )وآخرو 
والفتتاو  ،كريتتدل –الفتتاو بلانتتي نمتتا بكتتان للتتوض البختتر ب قياستتاّ 

تشتتتتن نتتتتتائج بيَّنتتتت  وتتتتتوررا   ،ستتتتماني–وىتتتتارقريفز ،اعشتتتتعاعي
أن طريقتة لتوض البختر ي 2005aن، وآخترو  Chen)وآختتترون 
متتتتتتن نتتتتتتتائج نمتتتتتتو ب  ي مونتيتتتتتتث–الفتتتتتتاو بنمتتتتتتانب) قياستتتتتتاً  ألضتتتتتتل
نتتتتائج  ،لتتتي ظتتترو  رطبتتتة ،نمتتتو ب تتتتورر أعطتتتى  ا ثورنثويتتت
الفتتاو   بو نمتت  ب ىتتارقريفز وصتتورة مختزلتتة متتنو نمتتمتتن ألضتتل 
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نتتتائج  بينت   ايPringle ،2013و  Fisher) مونتيتث –بنمتان
أن لتتتي تنزانيتتتا وكينيتتتا ي Djaman  ،2017ن )دجامتتتان وآختتترو 

ر وميرينقتتتتتتتتتتت يPenman، 1948)   نبنمتتتتتتتتتتتا نمتتتتتتتتتتتا ب
(Mahringer، 1970 يتتتتتتتتتتتتتتتتتتتتتتر وترابي(  Trabert، 1896 وي 

ي أظيتتتتر  أداءً جيتتتتدا لتتتت يRomanenko، 1961و )رومتتتتانينك
لتتي ي 5221الرجبتتو وآختترون ) أظيتتر  نتتتائج منتتاطق الدراستتةا 

أن لتتتوض البختتتر كتتتان الألضتتتل لتتتي  العتتتتراق متتتنعتتتدة مواقتتتا 
سماني الألضل لي ربيعتة –الموصل بينما كان نمو ب ىارقريفز

  لتتي تمعفتترا الألضتتلريتتدل ك–نمتتو ب الفتتاو بلانتتيوكتتان  والبعتتاب
–بنمتتانالفتتاو  ببنمتتو  مقارنتتةً كريتتدل –نمتتو ب بلانتتين أداء تلسَّت

متتة منتتاطق جالتتة بجنتتو   تتر  ليبيتتا تعديمتتو لملاءبعتتد مونتيتتث 
(Abd El‐Wahed  وAbd El-Mageed، 2014اي  

–قياستتتتتاً بنمتتتتتو ب بنمتتتتتان كريتتتتتدل–نمتتتتتو ب الفتتتتتاو بلانتتتتتيظيتتتتتر أ 
متن ألضتل  أداءً ، بيتاشمال شترق ليبلي منطقة شلا   ،مونتيث
ستتتتماني وتتتتتورر –وماكينتتتتر وىتتتتارقريفز الفتتتتاو اعشتتتتعاعي نمتتتتا ب

نمتتتتتتتو ب  أداءً  ءكتتتتتتتان الأستتتتتتتو و  ،تتتتتتتتايمور–وثورنثويتتتتتتت  وبريستتتتتتتتمي
نمتو ب ظيتر أ كت لر  اي5289 ،مؤمن وعبد العتاطي)وي  ثورنث

لتتي منتتاطق مونتيتتث –قياستتاً بنمتتو ب بنمتتان ،كريتتدل–الفتتاو بلانتتي
الفتتتتتتاو  متتتتتتن نمتتتتتتا بألضتتتتتتل  أداءً  جبميتتتتتتة وستتتتتتالمية متتتتتتن ليبيتتتتتتا،

 ،وثورنثويتتت  ،وتتتورر ،ستتتماني–وماكينتتتر وىتتارقريفز ،اعشتتعاعي
 أداءً  ءبينمتتتتا كتتتتان الأستتتتو  وخوستتتتلا ،خرولتتتتةو  تتتتتايمور–وبريستتتتتمي
خنيفتتتروخوستتتلا )ثورنثويتتت   ينمتتتو ج   اي5252 ،عبتتتد الستتتميا وا 

بيانتا  مناخيتة  رتتولّ مونتيث –بنمان الفاو يتطم  تطبيق نمو ب
 ؛1991 ،وآختتترون Smith) عمييتتتا صتتتولقتتتد يتعتتت ر اللعديتتدة 
Allen نمتتو ب  ىولتت لر ظيتتر  اللاجتتة إلتت ي8221 ،وآختترون
عديتتدة لا يتطمتت  تطبيقتتو بيانتتا  مناخيتتة و  ةطابستتيتميَّتتز بالبتتديل 

  امتولراّ لي جميا ملطتا  اعرصتاد الجتويبعضيا قد لا يكون 
–نما ب للسا  البختر ةتقييم أداء تسع إلىتيد  ى ه الدراسة 

 لتتتتر لملصتتتتول عمتتتتىو بستتتتطيا أدقيتتتتا وأ وتلديتتتتد جعتتتتينتتتتتا المر 
منطقتتة تتترا ن لتتي  ثمونتيتت–لفتتاو بنمتتانانمتتو ب ل ةمناستتبائل بتتد
الفتاو  تتضتمنالمستتخدمة  ةتستعالالنمتا ب   اجنو   تر  ليبيتاب

–وبريستمي ،سماني–كريدل وىارقريفز–والفاو بلاني ،اعشعاعي

 دا  وماككلاو  ،وخرولة ،وثورنثوي  ،وتورر ،وماكينر ،تايمور

 المواد وطرق البحث

 موقع الدراسة والبيانا  المناخية:
 منطقتتتتتة تتتتتترا نلمناخيتتتتتة  بيانتتتتتا  ىأجريتتتتت  ىتتتتت ه الدراستتتتتة عمتتتتت
مناخيتة البيانتا  الى عمتتتم اللصتول  بالجنو  الغربي من ليبيا،

تغطتي الفتترة الممتتدة متن و  المركز الوطني للأرصاد الجويتةمن 
عمتتى ختتط طتتول المنطقتتة تقتتا   ام 5289إلتتى عتتام  8225عتتام 
50′ º14  52 ′29شتترقا ودائتترة عتترضº  ًوترتفتتا عتتن  شتتمالا

ويستتتتود لييتتتتا المنتتتتا   متتتتتر 258مستتتتتوى ستتتتطا البلتتتتر بمقتتتتدار 
م  الملطتتة أكثتتر الأشتتير بتترودةً لتتي ستتجَّ   الصتتلراوي الجتتا ا

85185 ىيثُ انخفض متوسط درجة اللترارة إلتشير يناير ل
o  م

ة ليتتتث للتتترار بينمتتتا شتتتير أ ستتتطس الأكثتتتر ارتفاعتتتاً لتتتي درجتتتة ا
55100 ىوصتتل متوستتط درجتتة اللتترارة إلتت

o  ستتط ما  وصتتل متو
% ختتتتتلال شتتتتتير  42.45 ىأعمتتتتتى قيمتتتتتة لمرطوبتتتتتة النستتتتتبية إلتتتتت

 ىستط أدنتى قيمتة لمرطوبتة النستبية إلتديسمبر بينما انخفتض متو 
قيمتة  ىلي شير يناير أعمت  جم% لي شير مايوا  سُ  19.09

لتتي  متتم بينمتتا ستتجل  128.2لمتوستتط ىطتتول الأمطتتار لكانتت 
متما   0.6قل قيمة لمتوسط ىطتول الأمطتار لكانت  أشير يوليو 

متتر  5لريتاح عمتى ارتفتاع  ستجم  أعمتى قيمتة لمتوستط سترعة ا
ومتوسط أدنتى قيمتة لسترعة  ،ث/م 0118بريل لكان  إلي شير 

متتتر سُتتجم  لتتي شتتير ديستتمبر لكانتت   5الريتتاح عمتتى ارتفتتاع  
الشمسي عدد ساعا  السطوع  ىعمأل متوسط ثا  سُج/م 211

ساعة/يوم بينما سجل متوسط أدنى  8515لي شير يوليو لكان 
قيمتتتة لعتتتدد ستتتاعا  الستتتطوع الشمستتتي لتتتي شتتتير ينتتتاير بمعتتتدل 

درجتتتتا  اللتتتترارة  ستتتتاعة/يوما  تشتتتتمل البيانتتتتا  المناخيتتتتة 1120
 ،يTminودرجتتتتتتتتتتا  اللتتتتتتتتتترارة الصغتتتتتتتتتتتتتترى ) ،يTmaxالعظمتتتتتتتتتتى )

ودرجتتا  لترارة  ،يTdewدى )ودرجتتتتا  اللتتتترارة عنتتتتتتد نقطتتتة النتتت
ودرجتتتتا  لتتتترارة التتترمومتتتتر المبمتتل  ،يTdryالتتتترمومتر الجتتتتا  )

(Twetوالرطتتتوبة النستبيتتتتة ) ،يRHوسرعة الريتاح ) ،يU عتدد و ي
 ياnساعا  السطوع الشمسي )

إن أدق  نتتح المرجعتي :–تقدير البخرالمستخدمة في طرق ال 
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مرجعتتتي ىتتتي قياستتتو ب لتتتد الطتتترق نتتتتا ال–طريقتتتة لتلديتتتد البختتتر
ىتتت ه مثتتتل ولكتتتن لا تتتتتولر  ،المعتمتتتدة مثتتتل أجيتتتزة اللايستتتيمترا 

ويستغرق  ،ىا الكثير من الأموالؤ ويكم  إنشا ،الأجيزة لي ليبيا
نتا المرجعي بطترق –البخر تم تقدير ل لر  كبيرينا وجيداً  وقتاً 

صتتتتي  لنمتتتتا ب رياضتتتتية عديتتتتدة  و لتتتتر باستتتتتخدام يتتتتر مباشتتتترة 
  تعقيتتتتتدىا ومتطمبتتتتتا  متتتتتدخلاتيا ودقتتتتتة لستتتتتاباتياا تختمتتتتت  لتتتتتي

متتتن أدق النمتتتا ب للستتتا  مونتيتتتث –نمتتتو ب الفتتتاو بنمتتتانيعتبتتتر 
 Allen ؛1991 ،وآختتتتتتترون Smith) نتتتتتتتتا المرجعتتتتتتتي–البختتتتتتتر
لتتتتي أنلتتتتاء العديتتتتد متتتتن الدراستتتتا   ، وأثبتتتتت ي8221 ،وآختتتترون

الفتاو أن نمتو ب مختمفة من العالم ولي ظترو  مناخيتة مختمفتة 
يعطتتتي نتتتتائج دقيقتتتة يعتمتتتد عمييتتتا مقارنتتتة بقتتتيم ث مونتيتتت–بنمتتتان

 ؛ 5225، وآختتتتتترون Mendonçaمقاستتتتتتة متتتتتتن لايستتتتتتيمترا  )
DehghaniSanij ؛ 5222، وآختتتتتتتتتتتتترونYoder وآختتتتتتتتتتتتترون ،

وآختتتتتتترون،  López-Urrea ؛ Chen ،5222و  Xu ؛5222
 وآختتتترون، Ghamarnia ؛5282 وآختتترون، Xavier ؛5229
  يا 5282

الدراستتتا  والبلتتتوث لتتتي تيتتتث مون–نمتتتو ب الفتتتاو بنمتتتانيستتتتخدم 
نتتا المرجعتي –كطريقتة قياسيتتة لتقيتيم نمتا ب البختربشكل واسا 

(Itenfisu  ، ؛5225وآختتتتتتتتتتتتتتتتترون Xu   ،؛5285وآختتتتتتتتتتتتتتتتترون 
Tabari  ،؛5285وآختتترون Berti ،؛ 2014وآختتترون  

Djaman ،؛5282وآختتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتترون Pereira ،وآختتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتترون   
  ا ي5289وآخرون،  Pandey؛5282

مونتيتث –م نمتو ب الفتاو بنمتاناستتخدلتي ىت ه الدراستة اتتم ل لر 
نتتتتا المرجعتتتي المقتتتدرة –كمعيتتتار أو مقيتتتاس لتقيتتتيم نتتتتائج البختتتر

بتستتا نمتتا ب مختمفتتةا  تعتمتتد بعتتض النمتتا ب التتتي تتتم اختيارىتتا 
وتشتتتتمل كتتتتلٍ متتتتن نمتتتتو ب الفتتتتاو  ،عمتتتتى بيانتتتتا  اعشتتتتعاع لقتتتتط

ر تتايمو –ونمو ب بريستتميي FAO-24 Radiationاعشعاعي )
(Priestley وTaylor، 1972ر ونمتتتتتتتتتتتتتتتتتتتتتتتتتتتتتو ب ماكينتتتتتتتتتتتتتتتتتتتتتتتتتتتتت ي
(Makkink، 1957 ر )ي ونمتتتتتتتتتتتتتتتتتو ب تتتتتتتتتتتتتتتتتتتورTurc، 1961 ي

وتشتتتمل  وبعضتتيا الآختتر يعتمتتد عمتتى بيانتتا  درجتتة اللتتترارة لقتتط
 Blaney-Criddleكريتتتتتدل )–متتتتتن نمتتتتتو ب الفتتتتتاو بلانتتتتتي كتتتتتل

FAO-24ي )ستتتتتتتتمان–ي ونمتتتتتتتتو ب ىتتتتتتتتارقريفزHargreaves  و

Samani، 1985ونمتتتتتتتتتو ب ثورنثويتتتتتتتتتت ي(  Thornthwaite، 
ونمتتتتتتتتتتو ب ي Kharrufa، 1985ة )ونمتتتتتتتتتتو ب  خرولتتتتتتتتتتي 1948

 تتتتتتتتتتتم استتتتتتتتتتخدام برنتتتتتتتتتتامج  ايMcCloud، 1955د )متتتتتتتتتاككلاو 
–للستتا  البختتر ي5289) 218اعصتتدار  Ref-ET اللاستتو 

 ،ةوخرولتت ،طتترق ثورنثويتت  ماعتتداالطتترق بجميتتا نتتتا المرجعتتي 
ل ترنامج إكستتتتتتتتتبالاستتتتتتتتتعانة ببتتتتتتتتاستتتتتتتتتخداميا م تلتتتتتتتتت ،متتتتتتتتاككلاودو 

اللاستو   جتبرنامتطتُو ر   Excel .(Microsoftميكروسول  )
Ref-ET نتتا –للستا  البختر جامعتة أيتداىو الأمريكيتة برعاية

متتتن ضتتتمنيا طريقتتتتي  ،المرجعتتتي بخمستتتة عشتتتر طريقتتتة شائعتتتتتة
مونتيث القياستية المعتمتدة –مونتيث القياسية وبنمان–الفاو بنمان

 يا  ASCE) دنيينتتمن الجمعتية الأمريتكية لمميندستين الم

بطريقتتتة نتتتتا المرجعتتتي –لستتتا  البختتتر Ref-ETا برنتتتامج تتتتتبيتَّ 
 يتتتتتتتتتتتتتواردة لتتتتتتتتتتالقياستتتية ولقتتتاً لمخطتتتوا  المونتيتتتث –بنمتتتانالفتتتاو 
 ،وآختترون  (29Allenم تتتتتتتر  رقتتتتتتتتتري والصتتتتتتتتتمالفتتاو لة تتتتتتتتتتتتتورق

يتَّبتتتتتا و  ، ه الدراستتتتتةتتتتتتتتي ىتتتتتتتوىتتتتتي الطريقتتتتتة المعتمتتتتتدة ل ،ي8221
–ريقة بنمتانتتتطبنتا المرجعي –لسا  البخر Ref-ET مجبرنا

ن مجمعتتتتتتتية الأمريتتتتتتتكية لمميندستتتتتتتين المتتتتتتدنييالقياستتتتتتية ل مونتيتتتتتتث
(ASCE-EWRI، 2005  ي ولقتتتتتتتتتتتاً لمخطتتتتتتتتتتتوا  واعرشتتتتتتتتتتتادا
نتتتتتة لتتتتتي دليتتتتتل االمُ   لجمعتتتتتتية الأمريتتتتتتكية لمميندستتتتتتين المتتتتتدنييندوَّ

 ،وآختتتتتتتترون (02Jensenوتقتتتتتتتتارير الممارستتتتتتتتة اليندستتتتتتتتية رقتتتتتتتتم 
عتتن خصتتائص تفاصتتيل واليتتة  يمكتتن اللصتتول عمتتى  ا1990)

ج دليل المستخدم الخاص بالبرنام ليالبرنامج وكيفية استخدامو 
(Allen  وLi، 2016ا   ليمتتتتا يمتتتتي عتتتترض لصتتتتي  النمتتتتا ب ي

 المستخدمة:
 : ي8221 ،وآخرون Allen)مونتيث  –لفاو بنمانانموذج 

 

 نتا المرجعي )مم/يوميا–= البخر ETo ليث أن:
Rn  صالي اعشعاع الشمستي عنتد ستطا الملصتول ) ميجتا =

 5= شدة تدلق لرارة التربة )ميجا جول /م G /يوم يا 5جول /م
= متوستتط درجتتة لتترارة اليتتواء اليوميتتة عنتتد ارتفتتاع  Tav/يتتوميا  

ومتر ر = ثابتت  جيتتاز قيتتاس الرطوبتتة الستتايك ϒ°يا  متتتر ) م 5
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متر )  5اع  = سرعة الرياح عند ارتف U2°يا  )كيمو باسكال/م
=  ea= ضتغط البختار المشتبا ) كيمتو باستتكال يا  es  م/ث يا

 ضغط البخار الفعمي ) كيمو باسكال يا
 °يا= ميل منلنى ضغط البخار المشبا )كيمو باسكال/م ∆

 ,Pruittو  Doorenbos)ل كريتتتتتد –نمتتتتتوذج الفتتتتتاو ب نتتتتتي
 :ي8200

 
 

 ،°يا= متوسط درجة لرارة اليواء )م Tm ليث أن:
P متوستتتتتط اليتتتتتومي لمنستتتتتبة المئويتتتتتة عجمتتتتتالي ستتتتتاعا  النيتتتتتار = ال

= معامتتل يعتمتتد  c  ،الستتنوية لمشتتير الملتتدد وختتط العتترض الملتتددا
ستتاعا  اعضتتاءة لتتي اليتتوم وستترعة  ،عمتتى أدنتتى نستتبة رطوبتتة لمجتتو

و لتر ETo  الرياح لي النيتار وتستتخدم منلنيتا  خاصتة لتقتدير قتيم 
 ،ة ساعا  السطوع الشمستيونسب ،لس  نسبة الرطوبة الجوية الدنيا

 وسرعة الرياح لي النيارا

 :يSatti، 2001و Jacobs )نموذج ثورنثوي  

 

لفتترة  heat index  = معامتل )دليتلي اللترارة  I ن :إليتث  
 شيراً من العام ويلس  كالآتي: 85

 
= معامل  a= تدل عمى كل شير من أشير السنةا   i  ليث:

 التالي:كي ويلس  Iيعتمد عمى قيمة دليل اللرارة )
a = 6.75 × 10

-7 
 I

3 
-7.71 ×10

-5 
I
2 

+ 1.792× 10
-2 

I+0.49239 
 :ي2005 ،وآخرون Yoder)ي سمان–نموذج هارقريفز

 
 

= درجتتتة  Tmin°يا = درجتتتة اللتتترارة العظمتتتى )مTmax  ن:إليتتتث 
= اعشعاع الشمسي الواصل إلى الغلا   Ra °يااللرارة الصغرى )م
 ميا/يو ²الجوي )ميجا جول/م

 :ي2005 ،وآخرون Chen)ة نموذج  خروف 

 
 

= النستتبة المئويتتة لعتتدد الستتاعا  المضتتيئة ختتلال شتتير  p  نإليتتث 
 إلى عدد الساعا  المضيئة خلال عاما

  Pandey؛2005 ،وآختتتترون Yoder) نمتتتتوذج  ماكينتتتتت  
 :ي2016 ،وآخرون

 
   = اللرارة الكامنة لمبخر )ميجا جول/كجميا λ ن:إليث 

RS اليوميا²ع الشمسي قصير الموجة )ميجا جول/م= اعشعا/ 

 :يPruitt, 8200و  Doorenbos)نموذج الفاو الإشعاعي 

 
= C = معامل وزني يعتمتد عمتى درجتة اللترارة واعشتعاعا Wليث: 

 معامل تعديل يعتمد عمى متوسط الرطوبة والرياح لي النيارا
 :يSatti، 2001و Jacobs )نموذج ماكك ود 

 
 نتا المرجعي )بوصة/اليوميا  –يد البخر=ج ETpليث: 

K =2128، W =8120،  T متوسط درجة اللرارة =(F)ا 

 :ي2016 ،وآخرون  Pandey)تايمور–نموذج بريستمي

 

 :يLi، 2016و  Allen)  نموذج تور 
 يكت  نمو ب تورر لي الصيغة الرياضية التالية:

 

ي اكبر RHmبية )الرطوبة النسمتوسط إ ا كان  aT =8ليث:  
الرطوبتتتتتة النستتتتتبية  متوستتتتتط ا  ا كتتتتتانو  %  22أو يستتتتتاوي متتتتتن 

(RHm لتلس   22ي اقل من  %aT  :كالتالي 

 

تقيتيم تتم   :تحميتل النتتاي  فتي المستتخدمة الإحصتايية المعتايير
نتا المرجعي المختتارة بتطبيتق عتدة –جودة نما ب لسا  البخر
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ن دراستتتتا  ستتتتتخداميا لتتتتي العديتتتتد متتتتاشتتتتائا معتتتتايير إلصتتتتائية 
 ،وآخترون Djaman ؛2016 ،وآخرون  (Pandey نتا–البخر

 ؛5282 ،وآختتتتتتتتتتتتتترون Joshani ؛ Popova ، 5229 ؛5282
Gao ؛5280 ،وآخرون Kwon وChoi، 5288ا  المعتايير ي

 Modeling)و بتتتتتتتتتاعلصتتتائية المستتتتخدمة ىتتتي: كفتتتاءة النم

Efficiency, Ef)   ي تتتتتتتتتتتار تتتتتتتتتتتتتتاختبو(t-testر تتتتتتتتتتتتتتتتتتلجاو  ي 
 Root Mean Square)  )تتتتتتتتتتتتتط مربتا الخطتتتتتتتتالتربيعي لمتوس

Error, RMSE  ز تتتتتتتليتتتمتوستتط خطتت  التو(Mean Bias 

Error, MBE)   ومعامتتتل التلديتتتد(Determination 

coefficient, R
2
 Refined)) المُلسَّتتنومؤشتتر التوالتتق  (

index of agreementالتلديتد ) ا  معامتلR
ي ىتو مقيتاس 2

يستتتخدم لتتي التلاليتتل اعلصتتائية لتقيتتيم متتدى جتتودة نمتتو ب متتا 
لي شرح النتائج المستقبمية والتنبتؤ بيتا كمتا يتدل معامتل التلديتد 
أيضتتتا عمتتتى مستتتتوى التبتتتاين الموضتتتا لتتتي مجموعتتتة البيانتتتا ا  
 ،يستتتتخدم معامتتتل التلديتتتد كتتتدليل تتتتوجييي لقيتتتاس دقتتتة النمتتتو ب

مقتتدار أو كتتم التبتتاين لتتي عامتتل والتتد التت ي  كمتتا يستتتخدم لشتترح
ينتتتج عتتن علاقتتتو بعامتتل آختترا  ويتتتم تمثيمتتو كقيمتتة بتتين صتتفر 

لكممتتتتا كانتتتت  القيمتتتتة أقتتتتر  إلتتتتى الوالتتتتد كتتتتان  ي8-2) والوالتتتتد
  أو العلاقتتتتتتة بتتتتتتين العتتتتتتاممين تكتتتتتتون ألضتتتتتتلا ،التناستتتتتت  ألضتتتتتتل

ي لقيتتتتتتاس الفتتتتتترق المعنتتتتتتوي بتتتتتتين (t-testيستتتتتتتخدم اختبتتتتتتار تتتتتتتي 
 ن مستقمتينا  متوسطي عينتي

–أيضتا معامتل كفتاءة نتاش ىويستم Ef)معامل كفاءة النمو ب )
استتتتتتتتخدم أساستتتتتتتاً  ،يSutcliffe، 1970و  Nash  )ستتتتتتتوتكمي

 امتتتتتتتتدلتقيتتتتتتتيم القتتتتتتتدرة التقديريتتتتتتتة لمنمتتتتتتتا ب الييدرولوجيتتتتتتتة ولكتتتتتتتن 
استخدامو لوص  الدقة التنبؤية لنما ب مختمفة شترط وجتود قتيم 

فتاءة النمتو ب لفلتص متا إ ا مقاسة لممقارنةا  يستتخدم معامتل ك
كتتان الفتترق بتتين البيانتتا  المقاستتة والمقتتدرة بقتتدر تبتتاين البيانتتا  

 ،812إلتى  ∞-يتراوح مدى معامل كفتاءة النمتو ب متن و المقاسة 
لكمما اقترب  كفاءة النمو ب من الوالد كمما كان النمتو ب دقيقتاً 

 ا ىت (Ef = 1)عندما تكون الكفتاءة تستاوي الوالتد  ،لي تقديراتو
وكفتتتاءة  ،يعنتتتي تطتتتابق تتتتام بتتتين نتتتتائج النمتتتو ب والقتتتيم المقاستتتة

تتدل عمتى أن البيانتا  المقتدرة باستتخدام  (Ef=0)تساوي صتفر 

 ،النمتتتو ب بدرجتتتة متتتن الدقتّتتة مستتتاوية لمتوستتتط البيانتتتا  المقاستتتة
تلتتدث عنتتدما يكتتون  (Ef < 0)بينمتتا كفتتاءة أقتتل متتن الصتتفر 

ضتتتل متتتن النمتتتو با  أل امتوستتتط البيانتتتا  المقاستتتة يعطتتتي تقتتتدير 
تتتن التوالتتتق  مؤشتتتر أو دليتتتل معيتتتار إلصتتتائي  وىتتتو (dr) المُلسَّ

أداء النمتتا ب الرياضتتية وىتتو معيتتار جتتودة  ىيستتتخدم لمدلالتتة عمتت
 ىإلت 8بين موج  والتد وستال  والتد ) بدون أبعاد تتراوح قيمتو

مؤشتتتتتر التوالتتتتتق  ا  ي2012 ،رونتتتتتتتتتتتتتتتتتتتتتتتتتتتتوآخ Willmott) ي8-
رتتتتتالمل التوالتقمؤشر  نتتتتتتتة متتتتتتتتتمعدَّلتورة تتتتتصو تتتتتتى ن المُلسَّ    وَّ

 (modified index of agreement, dmod)  مؤشتترو 
 ويممتو ل ميتالأصتالتوالتق مؤشتر ل تعتديلالملتتتتتوَّر ىتو  التوالتق

(Willmott original index of agreement, dorg) 

 ،Willmott، 1981) الماضتتيرن تتتتتا  القتور لتتي ثمانينتتتالمطتت
   يا1984 ،1982

تتتتن التوالتتتتق مؤشتتتتر  معتتتتتيار قياستتتتي لدرجتتتتة خطتتتت  تقتتتتدير  المُلسَّ
كتتتل متتتن النمتتتا ب الرياضتتتية و لتتتر لمتغمتتت  عمتتتى عتتتدم لساستتتية 

Rومعامتتتتتتل التلديتتتتتتد ) (Ef)معامتتتتتتل الكفتتتتتتاءة 
ي لمفتتتتتتروق بتتتتتتين 2

المتوستتطا  القياستتية والمتوستتطا  المقتتدرة بالنمتتا با  يستتتخدم 
Rتلديتتتد )معامتتتل ال

ي بشتتتكل واستتتا لتقيتتتيم متتتدى جتتتودة تطتتتابق 2
ي ولكنتتتتتتتتو شتتتتتتتتديد goodness−of−fitنتتتتتتتتتا )–نمتتتتتتتتا ب البختتتتتتتتر

و يتتتر لستتتاس لمفتتتروق  (outliers)المتطرلتتتة لمقتتتيم اللساستتتية 
 additive and proportionalالمضتتتالة والتناستتتبية )

differences ّة )م المقتتتتتتتدرة والمقاستتتتتتتتي بتتتتتتتين القتتتتتتتيLegates  و
McCabe، 1999بتتين البيانتتا  المقتتدرة بواستتطة )رتبتتاط الا  اي

يصتتفو معامتتل التلديتتد  يتتر التت ي  يالنمتتو ب والبيانتتا  المقاستتة
ة ؤدي إلتتتتتى مقتتتتتاييس لمدقتتتتتة  يتتتتتر صتتتتتليليتتتتتمتتتتتا  كتتتتتالي وعتتتتتادةً 

(Willmott، 1982عنتتدما يستتتخدم معامتتل التلديتتد  لتت لرا  ي
(R

ي بمفتترده يمكتتن أن يعطتتي دلالتتة خاطئتتة بتت ن نمتتو ب معتتين 2
نتتتتتتا ولتتتتتي الواقتتتتتا ىتتتتتو  يتتتتتر  لتتتتتر –لمبختتتتتر رقتتتتتد  ىتتتتتو ألضتتتتتل مُ 

(Yoder لملصتتتتتول عمتتتتتى لتتتتترز لقيقتتتتتي  ا 2005) ،وآختتتتترون
لتقيتتتتيم أداء متعتتتتددة معتتتتايير  وتلميتتتتل صتتتتليا لمنتتتتتائج تستتتتتخدم

نصتتتتتتتا لا يُ ا  ي2017 ،وآختتتتتتترون Gaoنتتتتتتتتا )-البختتتتتتتر نمتتتتتتتا ب
ي RMSEباستتتتتخدام الجتتتت ر التربيعتتتتي لمتوستتتتط مربتتتتا الخطتتتت  )

يتستب  لتي قتد لأنتو  ؛اي بمفردىمتMBEومتوسط خطت  التليتز )
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خطتت  عنتتد اختيتتار ألضتتل النمتتا ب الرياضتتية وينصتتا باستتتخدام 
و  Jacovidesيمتتتتتتتتتتتتتتتتتتتتتتتتتتتتا )ي معt-test) اختبتتتتتتتتتتتتتتتتتتتتتتتتتتتتار تتتتتتتتتتتتتتتتتتتتتتتتتتتتتي

Kontoyiannis، 1995؛ Najafi ا  ي2019 ،وآختتتتتتتتتتتتتتتتتتتتتتتتتتتتتترون
 يMcCabe، 1999و  Legates  )أوصتتتتى ليقتتتتاتس وماككيتتتت

باستتتتخدام مؤشتتتر التوالتتتق وكفتتتاءة النمتتتو ب المستتتتخدم متتتن قبتتتل 
وكتتتتت لر الجتتتتت ر  يGreen، 1991و  Loagueن )وقتتتتتري ويتتتتتلوق

التربيعتتتي لمتوستتتط مربتتتا الخطتتت  لتقيتتتيم الطتتترق البديمتتتة لنمتتتو ب 
 المستتخدمةمونتيثا  ليما يمي عترض لمصتي  الرياضتية –بنمان

المستخدمة  الصيغة الرياضية  :لي لسا  المعايير اعلصائية
 ؛5289 ،عيجتتاد معامتتل التلديتتد كتتالآتي )متتؤمن وعبتتد العتتاطي

Chen ي2005 ،وآخرون: 
 

 

 المُلسَّتتن الصتتيغة الرياضتتية المستتتخدمة للستتا  مؤشتتر التوالتتق 
 :ي2012 ،وآخرون Willmott) كالتالي

 
ة تتتتتالتالي ةتتتلمصيغا ولقتا تتتتتتتتتم لسابيتتتتتتتتتتتتتتو ب لتتتتتتتتتتتتتتاءة النمتتتتتتتتتتتا كفتتتتأم
( Willmott؛2012 ،وآختتتترون Yoder ؛2005 ،وآختتتترون 

Gao ي:2017 ،وآخرون 

 
ة الآتيتتتتتت الصتتتتتتيغة لستتتتتت تتتتتتتم لستتتتتتا  متوستتتتتتط خطتتتتتت  التليتتتتتتز 

(Córdova ؛2015 ،وآخرون Joshani ي2015 ،وآخرون: 

 
استتتتتخدم  الصتتتتورة التاليتتتتة للستتتتا  الجتتتت ر التربيعتتتتي لمتوستتتتط 

 ،وآختتتتترون Djaman ؛2017 ،وآختتتتترون Gao) مربتتتتتا الخطتتتتت 
 :ي2015

 

ي كتالآتي )متؤمن  (tارالنمتو ب الرياضتي المستتخدم عيجتاد اختبت
 : 2015) ،وآخرون Joshani ؛ 5289 ،وعبد العاطي

 
 ن:إليث 

 = ETPrdict i نتا المرجعي الملسو  بواسطة إلدى النما ب –البخر
 اiالمستخدمة لي الدراسة لمشير 

ETStndrd i نتا المرجعي الملستو  بواستطة نمتو ب  الفتاو –= البخر
 اiمونتيث القياسي لمشير –بنمان

نتتتتتا المرجعتتتتي الملستتتتو  بواستتتتطة –متوستتتتط البختتتتر =
 اi مونتيث القياسي لمشير–نمو ب الفاو بنمان

نتتتتتا المرجعتتتتي الملستتتتو  بواستتتتطة –متوستتتتط البختتتتر= 
 اiإلدى النما ب المستخدمة لي الدراسة لمشير 

 n  العتدد الكمتي لمبيانتا ا = i = تتدل عمتى شتير متن أشتير الستنةا  
Ef فاءة النمو با= ك 

RMSE الج ر التربيعي لمتوسط مربا الخط ا =  
MBE   متوسط خط  التليزا =t   اختبار تيا = 

R
 .المُلسَّن = دليتل أو مؤشر التوالتق  dr = معامل التلديدا 2

 النتاي 

تم تقييم أداء النما ب المستيدلة لتي ىت ه الدراستة قياستاً بنمتو ب 
تتم إدختال .  لتي ىت ه الدراستةيمونتيتث )المرجعيتة –الفتاو بنمتان

 ،البيانتتتا  المناخيتتتتة لتتتتي الصتتتتي  الرياضتتتتية لمنمتتتتا ب المستتتتتيدلة
ومتتتن مخرجاتيتتتا تتتتم اللصتتتول عمتتتى قتتتيم المتوستتتطا  الشتتتيرية 

نتتتتا المرجعتتتي اليتتتومي بتتتالممميمتر بتتتالطرق العشتتترةا  تتتتم –لمبختتتر
نتتا المرجعتي اليوميتة المتلصتل عمييتا متن –تمثيل نتائج البختر
 يا  8منلنيا  مبينة لي شكل ) جميا النما ب لي

ن أي 8ن المنلنيتا  الموضتلة لتي شتكل )يلالظ بشتكل عتام مت
نتتتا المرجعتتي الناتجتتة متتن جميتتا النمتتا ب منخفضتتة –قتتيم البختتر

عتتزى  لتتر وقتتد يُ  ،ولبرايتتر ،ختتلال أشتتير الشتتتاء ديستتمبر وينتتاير
إلتتتتتى ىبتتتتتوط درجتتتتتا  اللتتتتترارة واعشتتتتتعاع الشمستتتتتي متتتتتا ارتفتتتتتاع 

رنة بفصل الصي  ال ي تكون ليو درجا  مقا ،الرطوبة النسبية
اللرارة واعشعاع الشمسي مرتفعتة وقتيم منخفضتة لأدنتي رطوبتة 



5252, 521-552(3 5) 52لعلوم هجلة الوختار ل  

 

 CC BY-NC 4.0 للوؤلف )الوؤلفوى(, يخضع هذا الوقال لسياسة الوصول الوفتوح ويتن توسيعه بووجب شزوط تزخيص إسناد الوشاع الإبذاعي© 

ISSN:  online 2617-2186           print 2617-2178 

237 

نتتتتتتا –نستتتتتبية الأمتتتتتر التتتتت ي قتتتتتد يتتتتتتؤدي إلتتتتتى زيتتتتتادة قتتتتتيم البختتتتتر
نتتتتا المرجعتتتي تتتتدريجياً إلتتتى أن –المرجعتتتيا  تتتتزداد قتتتيم البختتتر

تصتل إلتى التت روة لتي شتتير يوليتو ثتتم تعتود لميبتتوط تتدريجياً إلتتى 
نتتتتا المرجعتتتي لتتتي –ر  متتتن قيمتتتة أدنتتتى معتتتدّلا  البختتترأن تقتتتت

متتتتن  اي أن ستتتتبع8ينتتتتايرا  يتبتتتتين متتتتن شتتتتكل )شتتتيري ديستتتتمبر و 
 ىعمتتتتتأة لتتتتتي ىتتتتت ه الدراستتتتتة أظيتتتتتر  أن قيمتتتتتة النمتتتتا ب المطبقتتتتت

جعتتي كانتت  لتتي شتتير يوليتتو بينمتتا نتتتا مر –متوستتط يتتومي لمبختتر
ستماني –ىتارقريفز ألد النمو جين المتبقيتين وىو نمتو ب ىأعط

أمتتتا  ،نتتتتا مرجعتتتي يتتومي لتتتي شتتتير يونيتتتو–توستتتط بختتترم ىعمتتأ
وىتتو نمتتو ب متتاككلاود لتت ظير أن قيمتتة أعمتتى  ،النمتتو ب الآختتر
 نتا مرجعي يومي لي شير أ سطسا–متوسط بخر

–أظير نمو ب ماككلاود لي يناير أدنى قيمتة لمتوستط البختر  
ما أظير ممي لي منطقة الدراسة ك 8152نتا المرجعي اليومي )

نتتتتتتا –قيمتتتتتة لمتوستتتتتط البختتتتتر ىعمتتتتتأأيضتتتتتا  نمتتتتتو ب متتتتتاككلاود
متتتمي لتتتي شتتتير  85102المرجعتتتي اليتتتومي لتتتي منطقتتتة الدراستتتة )

ي أن 8يوليوا  يلالظ بشكل عام من النتائج المبينة لتي شتكل )
النمتتتتتا ب المستتتتتتخدمة أظيتتتتتر  أداءً مختمفتتتتتاً متتتتتن ليتتتتتث توالتتتتتق 

لتتي ىتت ه  مونتيتتثي–)الفتتاو بنمتتاننتائجيتتا متتا النمتتو ب المرجعتتي 
 ىبال  )أي أعط ،مونتيث لمفاو–قارنة بنمو ب بنمانالدراسةا  م

قيماً أعمى من القيم المرجعيةي نمتو جي الفتاو اعشتعاعي والفتاو 
نتتا المرجعتي لتي جميتا أشتير –كريدل لتي تقتدير البختر–بلاني

السنة وتتراوح نسبة الزيتادة الناتجتة متن نمتو ب الفتاو اعشتعاعية 
ة الزيادة الناتجتة % بينما تتراوح نسب 12.32% إلى  0.64من 

ا   16.06% إلتتى %1.23كريتتدل متتن –متتن نمتتو ب الفتتاو بلانتتي
ومتتاككلاود مبالغتتة )زيتتادةي لتتي التقتتدير  ،خرولتتة اأظيتتر نمو جتت

ختتلال أشتتير وتقميتتل ختتلال أشتتيرٍ أختتريا  بتتال  نمتتو ب خرولتتة 
 ىالمرجعتتي ختتلال الأشتتير متتن متتايو إلتت نتتتا–لتتي تقتتدير البختتر

المرجعتي  نتتا–ي تقتدير البخترنولمبر وبال  نمو ب  ماككلاود ل
 ب  خرولة خلال سبتمبر وقمل نمو  ىخلال الأشير من مايو إل

 بريتتتل وشتتتير ديستتتمبر بينمتتتا قمتتتل نمتتتو ب إ ىأشتتتير متتتن ينتتتاير إلتتت
أشير  ىبريل باعضالة إلإ ىماككلاود خلال أشير من يناير إل

أكتتتتتوبر ونتتتتولمبر وديستتتتتمبرا  قممتتتت  بقيتتتتة النمتتتتتا ب لتتتتي تقتتتتتدير 

ونمتتتو ب   ،عتتتي والنمتتتا ب ىتتتي نمتتتو ب  تتتتوررنتتتتا المرج–البختتتر
ونمتتتتتتو ب  ثورنثويتتتتتت   ،ستتتتتتماني–ونمتتتتتتو ب  ىتتتتتتارقريفز ،ماكينتتتتتتر

تتتتايمورا  تقميتتتل النمتتتا ب الستتتابق  كرىتتتا لتتتي –ونمتتتو ب  بريستتتتمي
ين تتتتتتراوح بتتتة تتتي كان بنست  متفاوتتتتتتنتا المرجع–تقديرا  البخر

-ر وتتتتتينايي شير تتتت  لتتتن نمو ب ثورنثويتة متت% ناتج -86.69
كتتوبرا  تبتعتد أاتجة من نمو ب  ماككلاود لتي شتير % ن4.71

تقتتديرا  نمتتو ب  ثورنثويتت  عتتن القتتيم المرجعيتتة كثيتتراً منخفضتتة 
ليتتتث  ،مونتيتتتث ختتتلال كتتتل أشتتتير الستتتنة–لنمتتتو ب الفتتتاو بنمتتتان
 ى% إلتتتت 52120-خفتتتتاض لتتتتي تقديراتتتتتو متتتتن تتتتتتراوح نستتتتبة الان

  الطتترق المختمفتتة لتتي تقتديرا اا  نتتج أكبتتر انخفاضت-%86.69
شتير متن نتتا المرجعتي متن نمتو ب  ثورنثويت  ختلال الأ–لمبخر

 ،أشتير أكتتوبر ونتولمبر وديستمبر ىيناير لتى أبريتل إضتالة إلت
المرجعتتتي  نتتتتا–لتتتي تقتتتديرا  البختتتر ابينمتتتا نتتتتج أكبتتتر انخفاضتتت

 ،رتتتتتتتستتتبتمبر متتتن نمتتتو ب  ماكين ىختتتلال الأشتتتير متتتن متتتايو إلتتت
 ا -45.41 ى تتإل-41.73% ن تتتتنخفاض مدار الاتتتتتراوح مقتتتتتويت
  
تتتتايمور –متتتن نمتتتو ب  بريستتتتمي ن كتتتلاأي 8يتبتتتين متتتن جتتتدول ) 

ستتتتماني ونمتتتتو ب ماكينتتتتر ونمتتتتو ب  تتتتتورر –ونمتتتتو ب ىتتتتارقريفز
نتتا المرجعتتي، –أظيتر  انخفاضتا  متباينتة لتي تقتديرا  البختر

–بعضتتيا انخفاضتتا  كبيتتترة مثتتل مخرجتتتا  نمتتو جي  بريستتتتمي
ث تتتتتراوح نستتتبة الانخفتتتاض لتتتي تقتتتديراتيما تتتتايمور وماكينتتتر ليتتت

% -46.65  ى% إلت 59111-ابتعتاداً عتن القتيم المرجعيتة متن 
تتتايمور ولتتي لالتتة نمتتو ب  ماكينتتر –لتتي لالتتة نمتتو ب  بريستتتمي

أمتا انخفتاض تقتديرا  نمتو ب    -29.24. % إلى  -45.41من 
تتتتتورر لكانتتتت  انخفاضتتتتا  صتتتتغيرة قريبتتتتة متتتتن القتتتتيم المرجعيتتتتة 

مونتيث خصوصا خلال الأشير من يونيتو –بنمان لنمو ب الفاو
% -7.25ينتتتتتتتاض بتتتتتتتة الانخفتتتتتتليتث تتتراوح نسب ،ى ديستمبرتتتتتتإل
%، وىتتتت ه مشتتتتابية لتقتتتتديرا  نمتتتتو ب الفتتتتاو اعشتتتتعاعية -6.02و

   نفسياا خلال الأشير
نستتبة مبالغتتة أو زيتتادة ناتجتتة أعمتتى ن أي 8يتضتتا متتن جتتدول ) 

 لتي شتير لبرايتر، %12.32عية بمغت  من نمتو ب الفتاو اعشتعا
كريتتدل –نستتبة زيتتادة ناتجتتة متتن نمتتو ب الفتتاو بلانتتيأعمتتى بينمتتا 
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قتل نستبة زيتادة لتي أقيمتة و ا لتي شتير يوليتو % 89129بمغ  
الفتتتتتتاو  ينتتتتتتا المرجعتتتتتتي ناتجتتتتتتة متتتتتن نمتتتتتتو ج–تقتتتتتديرا  البختتتتتتر

مفتتاو ل %2192بمقتتدار لكانتت   كريتتدل–الفتتاو بلانتتيو  ،اعشتتعاعية
 كريتدل–بلانتي% ل8155، وبمقدارشير أكتوبراعشعاعية خلال 

–إن أكبتتر نستتبة زيتتادة لتتي تقتتديرا  البختتر لبرايتترا  ختتلال شتتير
ختتلال شتتير كانتت  نتتتا المرجعتتي ناتجتتة متتن نمتتو ب  متتاككلاود 

 ا % 20120سبتمبر بمقدار 

 

 
 يومي لي منطقة ترا ن ملسوبة بعشر طرقا/نتا المرجعي )مم–: منلنيا  البخر(1شكل )

  
 مونتيث–نتا المرجعي الناتجة من جميا النما ب قياساً بنمو ب  بنمان–النسبة المئوية للاختلالا  لي قيم البخر (:1جدول )

 الشير
اعشعاع 
 لمفاو

–بريستمي
 تايمور

 تورر ماكينر

الفاو 
–بلاني
 كريدل

–ىارقريفز
 سماني

 ماككلاود خرولة ثورنثوي 

 -59.66 -17.14 -86.69 -16.40 03.54 -19.29 -29.58 -42.12 11.25 يناير

 -61.19 -20.02 -84.65 -16.01 01.23 -22.17 -32.02 -39.41 12.32 لبراير

 -48.88 -12.31 -74.60 -20.20 01.52 -27.61 -40.40 -45.79 07.58 مارس

 -27.11 -03.28 -62.20 -20.75 02.45 -20.23 -45.36 -46.65 02.96 أبريل

 16.95 12.45 -44.03 -18.79 10.07 -13.87 -45.41 -44.85 04.03 مايو

 35.28 16.85 -37.53 -19.41 14.98 -08.54 -43.25 -39.87 07.59 يونيو

 39.86 15.60 -37.12 -21.76 16.06 -07.25 -41.87 -37.72 09.84 يوليو

 50.28 17.67 -35.61 -22.54 13.79 -08.10 -41.79 -37.96 09.41 أ سطس

 57.57 25.47 -34.07 -16.54 14.21 -08.01 -41.73 -39.15 06.46 سبتمبر

 -04.71 10.51 -55.82 -24.28 06.87 -11.02 -42.97 -40.42 00.64 أكتوبر

 -34.02 07.32 -70.64 -19.28 12.53 -06.02 -34.22 -39.04 09.64 نولمبر

 -54.04 -08.71 -84.13 -16.94 05.65 -07.97 -29.24 -36.88 10.30 ديسمبر
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التحميل الإحصايي ل خت فا  بين النماذج المختمفتة ونمتوذج 
استتة تتتم إجتتراء لتلقيتتق اليتتد  متتن الدر  مونتيتتث:–لفتتاو بنمتتانا

ستتتتتخدام ستتتتتة معتتتتايير إلصتتتتائية شتتتتائعة ااختبتتتتارا  إلصتتتتائية ب
 التطبيتتتق لتلديتتتد أي النمتتتا ب المختبتتترة يمكنيتتتا أن تكتتتون بتتتديلا

المعتتتتتتايير  ستتتتتتيامونتيتتتتتتث القيا–لنمتتتتتتو ب الفتتتتتتاو بنمتتتتتتان امناستتتتتتب
ىتتتتي الجتتتت ر التربيعتتتتي لمتوستتتتط مربتتتتا  المستتتتتخدمة اعلصتتتتائية

ومعامتتل  ،(MBE)متوستتط خطتت  التليتتز  ، (RMSE)الخطتت 
Rالتلديتتتتد )

تتتتن  ومؤشتتتتر التوالتتتتق  ،ي2 وكفتتتتتاءة  ،ي (drالمُلسَّ
 ا  t-test)واختبار تي ) ، (Ef)النمو ب

أجريتتت  ىتتت ه الاختبتتتارا  اعلصتتتائية بنتتتاءً عمتتتى توصتتتيا  متتتن 
لصتتائية عتتدة مصتتادر بعتتدم الاعتمتتاد عمتتى بعتتض المعتتايير اع

و  Legates) استتتتتنتاب ختتتتاط  ىبمفردىتتتتا لأنيتتتتا قتتتتد تتتتتؤدي إلتتتت
McCabe، 1999 ؛ Yoder ؛2005 ،وآختتتتتتتتتتتتتتتتتتتتتتتتتتتتتترون Gao 
ختتتتتتتت  لتتتتتتتتي أا  ي2019 ،وآختتتتتتتترون Najafi ؛2017 ،وآختتتتتتتترون

ن ليتتتث قربيتتتا متتتن النمتتتو ب نمتتتا ب متتتالاعتبتتتار عنتتتد تصتتتني  ال
تتتتن قتتتتيم لمؤشتتتتر التوالتتتتق  ىعمتتتتأالمرجعتتتتي  وكفتتتتاءة  dr)) المُلسَّ
R)ومعامل التلديد ) (Ef)النمو ب 

 قل قيم لمج ر التربيعي أو  2
ي ومتوستتتتتتتط خطتتتتتتت  التليتتتتتتتز RMSEلمتوستتتتتتتط مربتتتتتتتا الخطتتتتتتت  )

(MBE)عتمتتتتاد أساستتتتاً عمتتتتى نتتتتتائج الجتتتت ر التربيعتتتتي ا  تتتتتم الا
وكفتاءة النمتو ب  المُلسَّتن مؤشر التوالتق لمتوسط مربا الخط  و 
و  Legatesبتتتتتتتتتو ليقيتتتتتتتتتتتس وماككيتتتتتتتتتت  ) ىوىتتتتتتتتت ا متتتتتتتتتتا أوصتتتتتتتتتت

McCabe، 1999 تّبعيمتتتتتتتتتتتا يتتتتتتتتتتتودير وآختتتتتتتتتتتروناي و (Yoder 
بتتدلا  المُلسَّتتن متتا اعتمتتاد مؤشتتر التوالتتق  ،ي 2005 ،وآختترون

 من مؤشر التوالق الأصمي ال ي اعتمده ليقيتس وماككي ا  

R)تم إىمتال معامتل التلديتد )
بستب  لساستيتو المفرطتة لمقتيم  2

جميتتا النمتتا ب ماعتتدا نتتتائج المتطرلتتة وتقتتار  قيمتتو الكبيتتر لتتي 
ي نتتتتتتتتائج التلميتتتتتتتل اعلصتتتتتتتائي 5متتتتتتتاككلاودا  يبتتتتتتتين جتتتتتتتدول )

–لمخرجتتتتتا  الطتتتتترق المستتتتتتخدمة قياستتتتتا بنمتتتتتو ب الفتتتتتاو بنمتتتتتان
نتتتا المرجعتتي لتتي منطقتتة الدراستتةا  –مونتيتتث لتتي لستتا  البختتر
و ب الفتتاو اعشتتعاعي كتتان الألضتتل يتضتتا متتن الجتتدول أن نمتت

لتي ثلاثتة لي الأداء وتلصتل عمتى الترتيت  الأول بستب  تفوقتو 

أقتتتتتل قيمتتتتتة لمجتتتتت ر التربيعتتتتتي  ىمعتتتتتايير إلصتتتتتائية ليتتتتتث أعطتتتتت
 ىيوم وأعمت/مم 0.534ي بمقدار RMSEلمتوسط مربا الخط  )
قيمتة  ىعمتأو  0.892بمقتدار dr)) المُلسَّن قيمة لمؤشر التوالق 

 ى لتر أعطت ىا  إضتالة إلت0.951بمقتدار Ef))لكفتاءة النمتو ب 
قيمتتة لتتي المعتتايير التاليتتة:  ىعمتتأنمتتو ب الفتتاو اعشتتعاعي ثتتاني 

R)معامتتتتل التلديتتتتد )
متوستتتتط خطتتتت  التليتتتتز  0.993بمقتتتتدار  2

(MBE)  ي أن 5ا  كمتتتتا يتضتتتتا متتتتن جتتتتدول ) 0.473بمقتتتتدار
متتتي نمتتتو ب الفتتتاو اعشتتتعاعي متتتن يكريتتتدل –نمتتتو ب الفتتتاو بلانتتتي

كريتدل لتي –ء ليث صتن  نمتو ب الفتاو بلانتيليث جودة الأدا
الترتي  الثاني نتيجة تفوقو بثاني ألضل القيم لتي ثلاثتة معتايير 
إلصتتتتتتتتائية وىتتتتتتتتي الجتتتتتتتت ر التربيعتتتتتتتتي لمتوستتتتتتتتط مربتتتتتتتتا الخطتتتتتتتت  

((RMSE تتتتتتتن ومؤشتتتتتتتر التوالتتتتتتتق  0.845بمقتتتتتتتدار  dr)) المُلسَّ
كمتتتتتتتا  0.878بمقتتتتتتدار Ef)وكفتتتتتتاءة النمتتتتتتتو ب ) 0.865ر ابمقتتتتتتد

ثالتث ألضتل القتيم لتي  ىكريتدل عمت–او بلانتيل نمو ب الفلصَّ ت
 يا  20.98معامل التلديد )

ن نمتتتو ب أي 5ن نتتتتائج التلميتتتل اعلصتتتائي )جتتتداول بتتتيّ كتتت لر تُ 
تتتتورر لتتتاز عمتتتى الترتيتتت  الثالتتتث بفضتتتل لصتتتولو عمتتتى ثالتتتث 
ألضتتل القتتيم لتتي ثلاثتتة معتتايير إلصتتائية وىتتي الجتت ر التربيعتتي 

تتتتتتن لتتتتتتق ي ومؤشتتتتتتر التوا0.937لمتوستتتتتتط مربتتتتتتا الخطتتتتتت  ) المُلسَّ
يا  أمتتا الترتيتت  الرابتتا لكتتان 0.850ي كفتتاءة النمتتو ب )0.809)

م لتتتي ثلاثتتتة يرابتتتا ألضتتتل القتتت ىعمتتت لتتتازلنمتتتو ب خرولتتتة ليتتتث 
معتتتايير إلصتتتائية وىتتتي الجتتت ر التربيعتتتي لمتوستتتط مربتتتا الخطتتت  

ي كفتتاءة النمتتو ب 0.783) المُلسَّتتن ي ومؤشتتر التوالتتق 1.106)
ستتتتتتتتتتماني وماكينتتتتتتتتتتر –نمتتتتتتتتتتا ب ىتتتتتتتتتتارقريفز لتتتتتتتتتتاز يا  0.791)

 ىراتي  الخامس والسادس والسابا عمتالت عمى تايمور–وبريستمي
تمركز نمتو ب متاككلاود لتي  ةممعايير اعلصائيولقاً لالتواليا  

نمتتو ب ثورنثويتت  لتتي المرتبتتة الأخيتترة ة و المرتبتتة متتا قبتتل الأخيتتر 
أستوأ القتيم لتي جميتا المعتايير اعلصتائية  عمتى بسب  لصتولو

عنتتتتد ي t)ظيتتتتر اختبتتتتار تتتتتي أ اامتتتتل التلديتتتتدمعقيمتتتتة  باستتتتتثناء
نمتتو ب نتتتائج وجتتود لتتروق معنويتتة بتتين  %5 ةتتتتتتتتمعنويى و تتتتتتتتتتمست

جميتتتا النمتتتا ب متتتا عتتتدا نمتتتو جي نتتتتائج مونتيتتتث و –الفتتتاو بنمتتتان
والفتتاو  ياعشتتعاع لفتتاوا نمتتا بتتتم معتتايرة   خرولتتة ومتتاككلاودا
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بيتةي معاملا  )ثواب  تجري لملصول عمى وتورر كريدل-بلاني
تقريتت  نتائجيتتا متتن النتتتائج المرجعيتتة ومتتن تتتم تقميتتل  تتتؤدي إلتتى

نتتتتتائج قريبتتتتة جتتتتدا متتتتن  عمتتتتىتتتتتم اللصتتتتول ا  الفتتتتروق المعنويتتتتة
 ياعشتتتتتعاع لفتتتتتاوعنتتتتتد تصتتتتتليا  نمتتتتتو ب االنمتتتتتو ب المرجعتتتتتي 

-بلانتتيوتصتتليا نمتتو ب الفتتاو  2125باستتتخدام معامتتل قيمتتتو 

تتتورر  وتصتتليا نمتتو ب 21255باستتتخدام معامتتل قيمتتتو  كريتتدل
 لمنتتتائج يtاختبتار تتي ) أظيتتر  ا 8189باستتخدام معامتل قيمتتو 

عتتدم وجتتود لتتروق النمتتا ب الثلاثتتة بعتتد معتتايرة المتلصتتل عمييتتا 
يبتين شتكل   امونتيتث–بنتائج نمتو ب الفتاو بنمتان مقارنةً معنوية 

 المرجعيانمو ب البنتائج المعايرة مقارنة  ي نتائج النما ب5)
 

 لتلميل اعلصائي لنتائج المعدلا  المستخدمة لي  الدراسةاممخص ا ( :2جدول رقم )

RMSE MBE R الطريقة
2

 dr Ef t P-Value 

 4-10×0.6 06.283 0.951 0.892 0.993 0.473 0.534 اعشعاع لمفاو
 3-10×2.16 03.980 0.878 0.851 21212 0.649 0.845 كريدل–الفاو بلاني

 4-10×0.5 -06.450 0.850 0.809 2120 -0.833 0.937 تورر

 0.109 01.744 0.791 0.783 0.964 0.514 1.106 خرولة

 4-10×0.1> -07.816 0.652 0.699 0.994 -1.313 1.427 سماني–ىارقريفز

 4-10×0.2 -07.311 -0.500 0.382 0.989 -2.698 2.963 ماكينر

 > 4-10×0.1 -08.899 -0.422 0.380 0.975 -2.703 2.885 تايمور–بريستمي
 0.625 00.503 -0.373 0.419 0.872 0.423 2.835 اككلاودم

 4-10×0.1> -16.853 -1.104 0.211 0.924 -3.443 3.509 ثورنثوي 

 
 

 

 ابعد المعايرة توررو  كريدل–الفاو بلانيو نما ب الفاو اعشعاعي مقدرة باستخدام  يومي/نتا المرجعي )مم–البخرقيم  (:2شكل )           
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 المناقشة

أظيتتتتر  نتتتتتائج ىتتتت ه الدراستتتتة أن نمتتتتو ب الفتتتتاو اعشتتتتعاعي ىتتتتو 
ألضتتل النمتتا ب المقيّمتتة وىتت ا يختتال  نتتتائج دراستتة متتؤمن وعبتتد 

ي لتتتي شتتتلا  شتتتمال شتتترق ليبيتتتا )منطقتتتة شتتتبو 5289العتتتاطي )
ي لتتتتتي منتتتتتاطق 5252عبتتتتتد الستتتتتميا واخنيفتتتتتر ) ودراستتتتتة جالتتتتتةي

 ،Heydari) نودراستتة ليتتدري وآختترو ستالمية وجبميتتة متتن ليبيتتا 
كريتتدل –لتي وستط إيتتران ليتث كتتان نمتو ب الفتتاو بلانتي ي2013

الألضتتتتل وصُتتتتن  متتتتن ليتتتتث قربتتتتو متتتتن النمتتتتو ب القياستتتتي لتتتتي 
الدراستين لي المرتبتة الأولتى بينمتا صتن  لتي ىت ه الدراستة لتي 

والدراستتين اللاليتة نتائج الدراسة لا تتوالق المرتبة الثانيةا  كما 
 Razieiا )ئج دراسة رازيتاى و بيريتر ما نتا المشار إلييما أعلاه

 ،نوآختتتترو  Gaoن )ودراستتتتة قتتتتاو وآختتتترو  يPereira، 2013و 
أن نمتتتو ب ىتتتتارقريفز ىتتتتو البتتتتديل  اأظيرتتتتتليتتتث أنيمتتتتا  ي2017

–مونتيتتث القياستتي لتقتتدير البختتر–المناستت  لنمتتو ب الفتتاو بنمتتان
بينمتتتا كتتتان  ،نتتتتا المرجعتتتي لتتتي المنتتتاطق الجالتتتة وشتتتبو الجالتتتة

ا  اللاليتتة ماني الخيتتار الختتامس لتتي الدراستتةستت–نمتتو ب ىتتارقريفز
أداءً  ن نمتتتو ب تتتتورر أظيتتترأ  نتتتتائج الدراستتتة اللاليتتتة كمتتتا دلَّتتت

ولكنو كان الألضل لي دراستا   ةالثالث ةرتبمجيداً ولاز عمى ال
 George ؛8222 ،وآختتتتتتتترون Amatyaة )بالمنتتتتتتتتاطق الرطبتتتتتتتت

 وNandagiri   ؛2003b ،وآخرون Irmak ؛2002،وآخرون
Kovoor، 2006ا  ي 

سماني رديئتاً نستبياً لتي ىت ه الدراستة –كان أداء نمو ب ىارقريفز
وىت ا يتوالتق متا دراستة لتي اليابتان )منتا  رطت ي أجراىتا الكايتد 

ا تتتتتت لر تتفتتتق متتتتتتتتتتتتوك ،ي 5229،وآختتترون Alkaeedن )وآختتترو 
 يSatti، 2001و Jacobs ي )س وستتاتبة جتتاكو تتتتتتتتنتتتائج دراس

المتدى  ىسماني عم–قة نمو ب ىارقريفزعدم د ىأكدا عم الم ان
القصتتتتتيرا  بينمتتتتتتا تتعتتتتتتتارض نتائتتتتتتج ىتتتتتتتت ه الدراستتتتتتتة والدراستتتتتتا  

 ،وآخترون Georgeن )الم كتورة أعتلاه ما دراستة جورب وآخترو 
ستتتماني جيتتتداً –أداء نمتتتو ب ىتتتارقريفزلييتتتا ليتتتث كتتتان  ي2002

ظيتتتتر أمونتيتتتتثا  كمتتتتا –نمتتتتو ب الفتتتتاو بنمتتتتانوقريبتتتتاً جتتتتداً متتتتن ب
ن ستتتتتتتتماني لتتتتتتتتي دراستتتتتتتتة اوليفيتتتتتتتترا وآختتتتتتتترو – ب ىتتتتتتتتارقريفزنمتتتتتتتتو 

(Oliveira دقتتتتتتة مقبولتتتتتتةا  تتوالتتتتتتق نتتتتتتتائج ي 5288 ،وآختتتتتترون

ن متتتتتتتتتا نتتتتتتتتتتائج دراستتتتتتتتتة باختيتتتتتتتتتاري وآختتتتتتتتترو اللاليتتتتتتتتتة الدراستتتتتتتتتة 
(Bakhtiari ال ين استنتجوا أن نمو ب الفاو   ي2011،وآخرون

 نتا المرجعيا–للسا  البخر طريقالاعشعاعي من أدق 

 استنتاج

النمتتا ب المستتتخدمة متتن أداء تبتتاين ىتت ه الدراستتة نتتتائج  أظيتتر 
 ىا  أعطت)المرجعتيي ليث توالتق نتائجيتا متا النمتو ب القياستي

نتتتا –كريتتدل قيمتتاً لمبختتر–الفتتاو اعشتتعاعي والفتتاو بلانتتي انمو جتت
المرجعتتتي أعمتتتتى متتتتن القتتتتيم المرجعيتتتة لتتتتي جميتتتتا أشتتتتير الستتتتنة 

 متتناعشتتعاعي وتتتتراوح نستتبة الزيتتادة الناتجتتة متتن نمتتو ب الفتتاو 
% بينما تتراوح نسبة الزيادة الناتجة متن  12.32 إلى%  0.64

 %ا  16.06 % إلتتتتتى8155 متتتتتن كريتتتتتدل–نمتتتتتو ب  الفتتتتتاو بلانتتتتتي
 ،ستتماني–وىتتارقريفز ،وماكينتتر ،خفّضتت  نمتتا ب كتتل متتن تتتورر

 ،نتتتتا المرجعتتتي–تتتتايمور متتتن قتتتيم البختتتر–وبريستتتتمي ،وثورنثويتتت 
ناتجتتتتتة متتتتتن %  -86.69 متتتتتنتتتتتتتراوح  الخفتتتتتض وكانتتتتت  نستتتتتبة 

ناتجتتتة متتتن  6.02%- إلتتتىنمتتتو ب ثورنثويتتت  لتتتي شتتتير ينتتتاير 
 ،خرولتتتتتة اتتتتتتورر لتتتتتي شتتتتتير نتتتتتولمبرا  أظيتتتتتر نمو جتتتتتنمتتتتتو ب 

نتتتا المرجعتتي ختتلال أشتتير –ومتتاككلاود زيتتادة لتتي تقتتدير البختتر
وتقميتتتل ختتتلال أشتتتيرٍ أختتتريا  تبتعتتتد تقتتتديرا  نمتتتو ب ثورنثويتتت  

ب الفتتتتاو ونمتتتتو ب متتتتاككلاود كثيتتتتراً عتتتتن القتتتتيم المرجعيتتتتة لنمتتتتو 
مونتيتتتتث ختتتتلال كتتتتل أشتتتتير الستتتتنة وبالتتتتتالي لا ينصتتتتا –بنمتتتتان

 باستخداميما لي مثل الظرو  المناخية لمنطقة الدراسةا 

والفتتتاو  ،ن نمتتتو جي الفتتتاو اعشتتتعاعيأنتتتتائج كمتتتا يتبتتتين متتتن ال 
–كريتتدل ىمتتتا الأقتتر  متتن تقتتتديرا  نمتتو ب الفتتاو بنمتتتان–بلانتتي

قتل أ قيمتاً  ىأعطت الت يثم يمييما نمو ب تتورر  ،مونتيث القياسي
ولكنيتتا قريبتتة جتتدا متتن القتتيم المرجعيتتة خصوصتتا لتتي الفتتترة متتن 

ة اعلصتائي المعتايير بنتاء عمتىشير يونيو إلى شير ديسمبرا  
 ،يليتث كانت  الفتروق معنويتة باستتثناء اختبتار تتي) المستخدمة
متتن  لتتي المرتبتتة الأولتتىنمتتو ب الفتتاو اعشتتعاعي   يصتتنيمكتتن ت

ثتم يميتو ثانيتا لتي  ،بتالنمو ب المرجعتيمقارنتة  الأداءليث جودة 
  اثتم ثالثتا نمتو ب تتورر ،كريتدل–جودة الأداء نمو ب الفاو بلاني

–الفتتتاو اعشتتتعاعي والفتتتاو بلانتتتيمعتتتايرة نمتتتا ب  جأظيتتتر  نتتتتائ
المتلصل عمييا بعد  نتا المرجعي–لبخرن قيم اأ توررو  كريدل
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–نالفتتتاو بنمتتتاالمعتتتايرة قريبتتتة جتتتدا متتتن القتتتيم المرجعيتتتة لنمتتتو ب 
ا  كما أظير  النما ب بعد معايرتيا جودة عالية لست  مونتيث

المعتتايير اعلصتتائية المستتتخدمة متتا عتتدم وجتتود لتتروق معنويتتة 
الفتاو نمتا ب ن مما سبق يمكتن الاستتنتاب بت طبقا لاختبار تيا  

ىتتتتي بتتتتدائل جيتتتتدة  تتتتتوررو  ،كريتتتتدل–والفتتتتاو بلانتتتتي ،اعشتتتتعاعي
صوصتتتتتا عنتتتتتد ونتائجيتتتتتا قريبتتتتتة جتتتتتدا متتتتتن النمتتتتتو ب القياستتتتتي خ

تصليا نتائجيا باستخدام المعاملا  الملميتة المشتتقة لتي ىت ه 
الفتتتتتتتتتتتتاو لنمتتتتتتتتتتتتا ب  8189و  21255و  2125الدراستتتتتتتتتتتتة وىتتتتتتتتتتتتي 

 التواليا   عمى توررو  ،كريدل–والفاو بلاني ،اعشعاعي
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Abstract: This research was carried out to evaluate nine reference evapotranspiration, and 

find out an alternative models to the standard FAO Penman-Monteith model in Traghen re-

gion southwest of Libya. The models applied were standard FAO Penman-Monteith, FAO 

Radiation, FAO Blaney-Criddle, Hargreaves-Samani, Priestley-Taylor, Makkink, Turc, 

Thornthwaite, Kharrufa and McCloud.  The models were compared with the FAO Penman-

Monteith model using root mean square error (RMSE) , mean bias error (MBE), Pearson type 

goodness of fit index (R
2
), refined index of agreement (dr), modeling efficiency (Ef) and t-test.  

Results showed that FAO Radiation and FAO Blaney-Criddle models overestimated ETo by 

values ranged from 0.64% to 16.06%. However, Kharrufa and McCloud models overestimat-

ed ETo in some months and underestimated ETo in some other months.  Whereas, the other 

models underestimated ETo by values ranged from -86.69   % to -6.02%.  The FAO radiation 

model gave the highest dr (0.892) and Ef (0.951) values, and the lowest RMSE (0.534 

mm/day), indicating that this model was the best alternative to the FAO Penman-Monteith 

model in the study region, followed by FAO Blaney-Criddle model with dr value of 0.851, Ef 

value of 0.878, and RMSE value of 0.845 mm/day.  In addition, FAO radiation model showed 

the second best R
2
 and MBE values at 0.993 and 0.473, respectively  Also, FAO Blaney-

Criddle model showed the third best R
2
 value at 0.989.  Therefore, FAO radiation model is 

ranked the first and FAO Blaney-Criddle model is ranked the second.  According to the statis-

tical measures stated above, Turc model ranked the third, Kharrufa model ranked forth.  Mod-

els of Hargreaves-Samani, Makkink, Priestley-Taylor, McCloud and Thornthwaite ranked 

fifth, sixth, seventh, eighth and ninth, respectively. T-test analysis at 5% level of significance 

indicated that there is a significant difference between the FAO Penman-Monteith model and 

all models except Kharrufa and McCloud models. 

 

Keywords: reference evapotranspiration, FAO Penman-Monteith, FAO Radiation, FAO 

Blaney-Criddle, Turc, Kharrufa. 
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ومن أهم أنواعهاا المساتوطنة  عالمياً,من الفصائل النباتية التي تتوزع بشكل واسع  Araceaeتعتبر الفصيمة القمقاسية  المستخمص:
والااالي لااام يحاااظ بدراساااة  .Arum cyreniacumفاااي ليبياااا وخاصاااةً بمنطقاااة الجبااال الأخضااار نباااا  الااارينش البرقااااوي التاااي تمامهاااا 

م, لللك جاء  هال  الدراساة طعطااء وصار مورفولاوجي تفصايمي لنباا  الارينش البرقااوي, والتحقاق مان 99;3مورفولوجية منل عام 
م لتضاار إلاب بياناا  الفماورا الميبياة  4242-;423لأخضر لعاامي: عدم وجود نوع آخر في تسعة عشر موقعاً من مناطق الجبل ا

فاي المنااطق المدروساة جميعهاا, كماا تمكنا  مان تساجيم  لأول  .Arum cyreniacumأظهر  نتائج الدراسة الميدانية وجود النوع 
وجياة أنا  نباا  عشابي حاولي درناي موقعاً جديداً, ولم يُسجل أي نوع آخر لهلا الجانس, وأظهار  نتاائج الدراساة المورفول 36مرة في 

قرصي ينمو في أوائل فصل الخرير يتميز بأوراق سهمية مزراقية بسيطة لا  أعناق طويمة, ونورة أغريضية واحادة شاراعية الشاكل 
اوياة أغريض( لهاا رائحاة الاروث, انائياة الجانس أحادياة المساكن, وتقاع الأزهاار الأن -أرجوانية غامقة المون تتكون من جزئين )قينوة 

أساافل الأزهااار اللكريااة, والمتااك انااائي الفااص, والمباايض عمااوي وحيااد المرفااة, والوضااع المشاايمي جااداري, والامااار توتيااة حمااراء عنااد 
 النضج, والبلور بيضوية الشكل 

 التوصير المورفولوجي البرقاوي,الرينش  القمقاسية,العائمة  :المفتاحيةلكممات ا

 لمقدمةا

المعروفاااااااااااااة  Araceaeية تعاااااااااااااد أناااااااااااااواع الفصااااااااااااايمة القمقاسااااااااااااا
مااان النباتاااا  لوا  الفمقاااة الواحااادة  Aroidأو   Arumبعائماااة

نوعا, وتضم أصانافاُ عديادة  5522جنسا و :33وتقدر بحوالي 
 Boyceمن الأشجار والشجيرا  والأعشاا  والنباتاا  المائياة )

(, متنوعاااااااة الاساااااااتخدام حياااااااث تعاااااااد  بعاااااااض Croat ,4236و
, وبعضاها يساتخدم كمالاء غناي أنواعها من أشهر نباتا  الزينة

بالكربوهياااادرا , و منهااااا نباتااااا  عدياااادة طبيااااة مقويااااة لممناعااااة 
تمتماااك خصاااائص مضاااادة لمفيروساااا , والفطرياااا , والملارياااا, 

(, 4229وآخاااارون,  Chenوالالتهابااااا , والأمااااراض الجمديااااة )
وتختماااار تبعاااااً لاخااااتلار أنواعهااااا فااااي صاااافاتها المورفولوجيااااة, 

يااااااة كااااااالنورا , والأجنااااااة, والاماااااااار, والتشااااااريحية خاصااااااة الزهر 
(, 4236وآخاااااااارون,  Chartierوالباااااااالور, وطريقااااااااة التمقااااااااي  )

وتنتشااااار فاااااي أنحااااااء العاااااالم جميعهاااااا, وخاصاااااة فاااااي المنااااااطق 
وتعااد (, 4235, وآخاارون Ulrich)الاسااتوائية وشااب  الاسااتوائية 

منطقااة الجباال الأخضاار ماان المناااطق التااي تنتشاار فيهااا بعااض 
-El ; :423وآخاارون,  El-Mokasabiأنااواع هاال  الفصاايمة )

Gadi ,3;99 ,كونهاااااا تتمياااااز بمطااااااء نبااااااتي كايااااار متناااااوع ,)
% من النباتا  المسجمة 2:واللي تشكل أنواع  النباتية حوالي 

% 3فاااااااي ليبيااااااااا, عمااااااااب الاااااااارغم ماااااااان أن مساااااااااحت  لاتتجاااااااااوز 
(Rodford  ,وماان أهاام ساالالات  المسااتوطنة 4233وآخاارون ,)

المعارور  .Arum cyreniacumالتابعاة لهال  الفصايمة نباا  
محمياااااً بااااالرينش البرقاااااوي نساااابةً لكااااارة وجااااود  فااااي إقماااايم برقااااة 

https://doi.org/10.54172/mjsc.v35i3.297
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v35i3.297&amp;domain=pdf&amp;date_stamp=2008-08-14


4242، 479-;46(> 5) 57علوم مجلة المختار لل  

 

 CC BY-NC 4.0 لممؤلر )المؤلفون(, يخضع هلا المقال لسياسة الوصول المفتوح ويتم توزيع  بموج  شروط ترخيص إسناد المشاع اطبداعي© 

ISSN:  online 2617-2186           print 2617-2178 

250 

Cyrenaica (Hruby ,3;34,)  وهااااااو نبااااااا  سااااااام لاحتااااااواء
 ومااااااع للااااااكجميااااااع أجزائاااااا  عمااااااب مااااااادة أكسااااااالا  الكالساااااايوم, 

-Benاساااااتخدم  كورماتااااا  قاااااديماً مااااان قبااااال الميبياااااين غااااالاء )

Ramadan  ,بياااااااً لعاااااالا  كمااااااا يسااااااتخدم ط (,4234وآخاااااارون
, El-Mokasabiالصااااااااادفية والتهاباااااااااا  الجماااااااااد والمفاصااااااااال )

4236 ) 

تعاااد دراساااة توزياااع, وانتشاااار النباتاااا , والتعااارر عماااب صااافاتها 
الظاهرياااااااة مااااااان أهااااااام الطااااااارق فاااااااي تحدياااااااد الأناااااااواع النباتياااااااة 

(Kahraman  ,4232وآخاارون Kaplan ; ,4223 لااللك ,)
ة لمنطقاااة أجرياا  دراساااا  مسااحية عديااادة حاااول الفمااورا الطبيعيااا

الجبااال الأخضااار مااان قبااال البااااحاين المحمياااين, ولكااان البياناااا  
(, حيااث ;422وآخاارون,  Elshatshatالمنشااورة لاتاازال قميمااة )
( أن هااال  4239وآخااارون,  Mukassabiبينااا  نتاااائج دراساااة )

, تميهاااا فصااايمتا  Lamiaceaeالمنطقاااة تهااايمن عميهاااا فصااايمة
Apiaceae وAsteraceae وأشااااااااار ,El-Rabiai  ون وآخاااااااار

( إلاب وجاود نباا  الارينش بمنطقاة وادي القطاارة جنااو  4232)
( مان 4236) El-Mokasabiشرق مدينة بنمازي, كماا تمكان 

تسجيم  بمنطقة وادي الكور غر  مدينة البيضاء, في حين لم 
يساااجل  وجاااود  فاااي منطقاااة أسااامنطة, وسااايدي الحماااري, ووادي 

  ; Abusaief ,4235رلاااااااس, وميبااااااارة, وجرجاااااااار أمااااااا  )
Abusaief وAlwishish ,4239 كماااااااااا أجريااااااااا  بعاااااااااض ,)

الدراسااا  المورفولوجيااة فااي دول عدياادة ماان العااالم والتااي بيناا  
نوعااا موزعااا بشااكل كبياار فااي  :4يتمااال فااي  Arumأن جاانس 

 Quilichiniأوروبااااا وشاااامال أفريقيااااا والشاااارق الأوسااااط وآساااايا )
(, وتشترك جميعهاا فاي كونهاا أعشاابا موسامية 4232وآخرون, 

رنية أو ريزومية تح  أرضية تحمل أوراقااً بسايطة لا  جلور د
 Bedalovأوراق لكاال نبااا  ) 8 ولاتزيااد عاان 6-5 عااددها ماان

(, تحتاااوي عاااادة Kupfer ,4227 Fridlender ; ,4222و
وتتكااون ماان  ,عمااب نااورة أو نااورتين محمولااة عمااب محااور كااال 

أنبوبياااة أو أساااطوانية أو بيضاااوية ضااايقة مااان   Spathقناباااة 
بااداخمها عمااب محااور مركاازي يساامب الأغااريض الأساافل تحتااوي 

Spadix  والاالي قاااد يكااون أطاااول أو أقصااار ماان القناباااة يحمااال

 Barabeالأزهااااااار اللكريااااااة والأناويااااااة عمااااااب جزئاااااا  الساااااافمي )
وآخااااارون,  Boyce ,3;;5  ; Mayo ; 4225وآخاااارون, 

أساادية تحماال متااك  6-5 وتتاألر الأزهااار اللكريااة ماان, (9;;3
ج بشااق قمااي ونااادراً عاان طريااق انااائي الفااص يتفاات  عنااد النضاا

وتتاألر الأزهاار الأناوياة مان متااع أساطواني, ومبايض , الاقو 
والقمااام قصااااير , وحياااد المرفااااة يحتاااوي عمااااب بويضاااا  مسااااتقيمة

والوضااااع المشاااايمي جااااداري , والميساااام نصاااار كااااروي, أوغائاااا 
والامااااااار توتيااااااة حمااااااراء أو برتقاليااااااة لامعااااااة بشااااااكل , أوقاعاااااادي

وآخااارون,  Mayoة الشاااكل )والبااالور بيضاااوي, مخاااروط مقماااو 
3;;:Boyce ;  ,3;:; وسااهم  الدراساا  المورفولوجياة ,)

فااااي  Arumالحدياااااة فااااي التحقااااق ماااان الأنااااواع التابعااااة لجاااانس 
( فااااي 4229وآخاااارون,  Lobinمناااااطق نموهااااا, حيااااث تمكاااان )

 Arumشاامال شاارق تركيااا, ووسااط جورجيااا ماان فصاال النااوع 

megobrebi.  عااان الناااوعArum maculatum L.  مااان
لال دراسااااات  لمصااااافا  المورفولوجياااااة, وفاااااي إياااااران اساااااتطاع خااااا
(Joudi  ,التعااااارر عماااااب ساااااتة أناااااواع تابعاااااة 4238وآخااااارون )

والتفريااااق بينهااااا مورفولوجياااااً, وفااااي قباااارص تاااام  ,Arumلجاااانس 
عطاااااء وصاااار  .Arum cylindraceumتسااااجيل نبااااا   وا 

وآخاااااارون,  Hadjikyriakouمورفولااااااوجي لاااااا  كنااااااوع جديااااااد )
لتحقااق ماان الصاافا  الظاهريااة لجاانس (, وفااي تركيااا تاام ا4233

Arum nickelii. (Akyol  ,423وآخرون: ) 

وصاافا مورفولوجيااا تفصاايميا لنبااا   لتعطاايالدراسااة هاال   جاااء 
, والتحقاق لأول مارة .Arum cyreniacumالارينش البرقااوي 

فاااي منطقاااة الجبااال مااان عااادم وجاااود أي ناااوع آخااار لهااالا الجااانس 
 الأخضر/ ليبيا 

 المواد وطرق البحث

تم عمل مس  مياداني خالال  راسة الميدانية والمورفولوجية:الد
, وللك بجماع عيناا  نباا  الارينش فاي 4242-;423موسمي 

أبريال مان خالال الارحلا   -مرحمة التزهير مابين شهري فبرايار
الميدانية لتسعة عشر موقعاً بالجبال الأخضار شامم : )لمماودة, 

البيضااااء, الأبااارق, شاااحا , المنصاااورة, رأس التااارا , ورداماااة, 
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الوساااايطة, بمماااارا, مسااااة, اقفنطااااة, وادي الكااااور, قصاااار ليبيااااا, 
 المريقة, ستمونة, جيفاس, عمر المختار, أسمنطة, قندولة( 

تم  دراسة الصفا  الظاهرية, والزهرياة لعيناا  نباا  الارينش, 
وأرفقاااا  بصااااور توضاااايحية ماااان موقااااع الدراسااااة والمعماااال, وتاااام 

اء معشاابة فااي قساام الاحتفاااظ بعينااا  جافااة لتكااون مشااروع إنشاا
الأحياء/كمية التربية, وتم التأكيد عمب الناوع مان خالال المفااتي  

 ; ;:;Boyce ,3ماااااااااان قباااااااااال ) Arumالتصاااااااااانيفية لجاااااااااانس 
Boyce ,4228 ; Boyce ,3;;6  ) 

 والمناقشة: النتائج

تعاااااد منطقااااة الجبااااال الأخضاااار مااااان أهااااام الدراسةةةةة الميدانيةةةةةة: 
ل النباتيااة المكونااة المنااطق التااي تنتشار فيهااا العدياد ماان الفصاائ

الدراساااا  الميدانياااة والمورفولوجياااة حاااول إلا أن , لمفماااورا الميبياااة
لا زالاا  نااادرة, فااب هاال  الدراسااة  Araceaeالفصاايمة القمقاسااية 

أظهاااار  نتااااائج البحااااث الميااااداني لتسااااعة عشاااار موقعاااااً بمنطقااااة 
الجباااال الأخضاااار خاااالال شااااهر فبراياااار ومااااارس وأبرياااال لساااانتي 

 .Arum cyreniacumالاارينش م وجااود نبااا  4242-;423
فاااي هاااال  المواقاااع جميعهااااا, مماااا يؤكااااد عماااب أن نبااااا  الاااارينش 
البرقاااوي ماان النباتااا  المسااتوطنة فااي منطقااة الجباال الأخضاار, 

, El-Mogaspiو El-Darierوأتفقاااااااا  هاااااااال  النتيجااااااااة مااااااااع )
422; ; Almajdoub  ,423وآخاااااااااااااااااااااااارون; ;  El-Gadi ,
هاالا النبااا  لأول (, وتتميااز هاال  الدراسااة أيضاااً بتسااجيل 99;3

ماااااارة فااااااي منطقااااااة )لممااااااودة, الأباااااارق, رأس التاااااارا , وردامااااااة, 
البيضاااااء, الوساااايطة, اقفنطااااة, قصاااار ليبيااااا, المريقااااة, سااااتمونة, 

-Elجيفاااااس, عماااار المختااااار, أساااامنطة, قندولااااة(, وقااااد أشااااار )

Mokasabi ,4236 إلااب وجااود هااالا النااوع فااي منطقاااة وادي )
( اختمااار Alwishish ,4239و Abusaiefالكاااور, إلا أن )

مااع هاالا التسااجيل وأكااد عمااب عاادم وجااود  فااي منطقااة أساامنطة, 
كمااا لااوحظ وجااود هاالا النبااا  بماازارة فااي الأماااكن الظميمااة تحاا  
الأشاااجار والشاااجيرا , ولااا  القااادرة عماااب النماااو فاااي المنحااادرا  
الصاااخرية وفاااي مكااا  النفاياااا , لتاااوفر العوامااال الملائماااة لنماااو  

 ية, والمواد الملائية كالمستوى العالب من الرطوبة الجو 

 
  Arum cyreniacumنبا  الرينش البرقاوي :  (1)شكل

بيناااا  الدراسااااة ماااان خاااالال الرجااااوع  الدراسةةةةة المورفولوجيةةةةة: 
( أن Boyce ,3;:; ; Boyce ,3;;6لممفاااتي  التصاانيفية )

الموجااود فااي منطقااة الجباال  Arumالنااوع الوحيااد التااابع لجاانس 
والمعارور محميااً  ,Arum cyreniacumالأخضار هاو الناوع 

(, ماااان خاااالال إجااااراء وصاااار 3باساااام الاااارينش البرقاااااوي شااااكل)
مورفولاااوجي لمعيناااا  المجموعاااة مااان المنااااطق المختمفاااة خااالال 
الزياااارا  الميدانياااة, اتضااا  أنااا  نباااا  عشااابي حاااولي ينماااو فاااي 
أوائااال الخريااار, يتمياااز باااأن جااالور  عباااارة عااان درناااا  قرصاااية 

discoid tubersسام, ومعادل 7-5 , يتاراوح معادل طولهاا مان
(, وتطابقاا  هاال  البيانااا  مااع مااا 4ساام شااكل)5-3عرضااها ماان

عبااارة عاان  Arum( بااأن جاالور جاانس ;:;Boyce ,3لكاار  )
ريزوميا  أو درنا , بينماا كاان  طاول الجالور أقال مقارناة ماع 

( الااااالي وصااااار جااااالور الااااارينش El-Gadi ,3;99ماااااا لكااااار  )
 سم 8-6البرقاوي بالكورما  بطول 
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 نبا  الرينش درنة :  (2)شكل

 & Sagitateالأوراق فردياااة, بسااايطة, ساااهمية, مزراقيااااة 

Hastate Simple Leaves   6يبماااد عاااددها فاااي المالااا 
ساااام, ;3-9أوراق, لا  قمااااة حااااادة يتااااراوح معاااادل طولهااااا ماااان 

ساام لا  عاارق وسااطي غااائر تتفاارع 34-7ومعاادل عرضااها ماان 
مناا  عااروق جانبيااة, والتعاارق شاابكي ريشااي, وتحماال عمااب عنااق 

Petiole  7طوياااال أخضاااار داكاااان يتااااراوح معاااادل طولاااا  ماااان-
(, وهااااال  النتاااااائج 5شاااااكل) Sheathسااااام يخااااار  مااااان المماااااد 47

( الاالي بااين أن عااادد El-Gadi ,3;99متقاربااة مااع مااا لكاار  )
 سم 36-7سم, وعرض 52-33بمعدل طول  5-4الأوراق 

 
 .أوراق نبا  الرينش:  (3)شكل

قنابااااة  يحتاااوي النبااااا  عماااب نااااورة واحااادة أغريضااااية تتكاااون ماااان
أنبوبيااة ممفوفااة ماان الأساافل, وتتسااع فااي  Spathتعاارر بااالقينوة 

الوسط وحادة من الأعمب عمب شكل شاراع منتصا  تتادلب إلاب 
الأماااام, وتااانكمش بعاااد عممياااة اطخصاااا , ونضاااج الاماااار, لهاااا 
رائحااة كريهااة تشااب  رائحااة الااروث لا  لااون أرجااواني غااامق فااي 

عمااااب  الأطااارار ماااع أخضااار شااااح  فاااي المنتصااار, محمولاااة
تحتاااااوي  Peduncleمحاااااور أساااااطواني يعااااارر بحامااااال الناااااورة 

بااداخمها عمااب تركياا  أسااطواني نحياال ماان الأساافل ومنااتفخ ماان 
 Spadixالأعماااب لي لاااون أرجاااواني داكااان يسااامب باااالأغريض 

سم, ويحمل الأزهاار  33-8أقصر من القنابة بمعدل طول من 
(, وتتفاااق هااال  6اللكرياااة, والأناوياااة عماااب جااازء  السااافمي شاااكل)

كونهااااا لا  نااااورة  Arumلنتااااائج مااااع الصاااافا  العامااااة لجاااانس ا
تحتاااااوي باااااداخمها عماااااب  Peduncleأغريضاااااية محمولاااااة عماااااب 

Spadix  يحمال الأزهااار اللكريااة, والأناويااة عمااب جزئاا  الساافمي
(Barabe  ,4225وآخاااااااااااااااااااارون ; Boyce ,3;;5 ; Mayo 

 ( 9;;3وآخرون, 

 
 نورة نبا  الرينش :  (4)شكل
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أحاديااااااااااااااة المسااااااااااااااكن  Bisexualالنااااااااااااااورة انائيااااااااااااااة الجاااااااااااااانس 
Monoecious ,وتقع الأزهار الأناوية أسفل الأزهاار اللكرياة ,

مماام, توجااد الأزهااار  :-6وعااادة مااا تكااون المسااافة بينهمااا ماان 
صاافور دائريااة  7أو  6مرتبااة فااي   Male Flowersاللكريااة

أراجونياااة, وتتكاااون مااان أسااادية لا  خياااوط قصااايرة تحمااال متاااك 
يتفااات  بخاااط قماااي لناااار  Theca أراجاااواني باهااا  اناااائي الفاااص

حباااو  المقااااح بشاااكل مساااحوق, تعموهاااا شاااعيرا  خيطياااة مرناااة 
لا  لاااااااون أصااااااافر إلااااااااب كريماااااااي تعاااااااارر بالأسااااااادية العقيمااااااااة 

Staminodes  تعمال كشاارك لمحشاارا  أاناااء عمميااة التمقااي , و
فااااي صاااافور  Female Flowersتترتاااا  الأزهااااار الأناويااااة 

مماام, 36 -;صاافور بمعادل طااول ماان 9-8دائرياة صاافراء ماان 
 One locularوتتكاون الكرابال مان مبايض عماوي وحياد المرفاة

والميسااام , والقمااام غائااا , بويضاااا  فاااي المالااا  6يحتاااوي عماااب 
نصاااار كااااروي, والوضااااع المشااااايمي جااااداري, تعموهااااا شاااااعيرا  
خيطيااااااااة مرنااااااااة صااااااااافراء كريميااااااااة تعااااااااارر بالكراباااااااال الكالباااااااااة 

Pistillodes (7شكل ) 

 
 الأزهار اللكرية, والأناوية لنبا  الرينش : ( 5)شكل

الامار توتية بشكل مخروط مقمو  خضراء المون, وتتحول إلاب 
المااون البرتقااالي ااام الأحمرعنااد نضااجها, محاطااة بماالار امااري 

 (  8عصيري يتكون من الاث طبقا , والبلور بيضوية شكل)

 
 .بلور, وامار نبا  الرينش:  (6)شكل

الدراسااااة الميدانيااااة المورفولوجيااااة مااااع  وعنااااد مقارنااااة نتااااائج هاااال 
-Elالبيانا  المدرجة في الفمورا الميبية لنبا  الرينش البرقاوي )

Gadi ,3;99  موقعااااً جدياااداً لوجاااود  36(, وجاااد أنهاااا أضااااف
نبااا  الاارينش البرقاااوي فااي الجباال الأخضاار, كمااا كاناا   أكااار 
شااامولية فاااي إعطااااء وصااار مورفولاااوجي تفصااايمي خاصاااة فاااي 

هريااة لمناورة, والامااار, والباالور, وطريقاة التمقااي  عاان الصافا  الز 
, الاالي وصاافها بأنهااا لا  قنابااة 99;3عااام El-Gadiماا قدماا  

Spath  أنبوبية خضراء من الخار  بنية من الداخل يبمد طولها
سااام محمولاااة عماااب حامااال اساااطواني يوجاااد باااداخمها 33-7مااان 

Spadix  يحمااااااال أسااااااافم  أزهااااااااراً لكرياااااااة وأناوياااااااة,  والمبااااااايض
 تطيل والبلور منقسمة والامار توتية مس
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 عينة جافة محفوظة لنبا  الرينش :  (7)شكل

 الخلاصة

نسااتنتج ماان الدراسااة انتشااار نبااا  الاارينش البرقاااوي فااي منطقااة 
, Arumالجباال الأخضاار بصاافت  نوعااا مسااتوطنا وحياادا لجاانس 

ولاااام يسااااجل هاااالا النبااااا  بالأقاااااليم الميبيااااة الأخاااارى, كمااااا أنهااااا 
هلا النوع  في منااطق جديادة, و بينا  الدراساة أضاف  تسجيل 

المورفولوجيااة أناا  نبااا  عشاابي درنااي لو أوراق سااهمية مزراقيااة 
ونااااورة أغريضااااية واحاااادة شااااراعية , بساااايطة لا  أعناااااق طويمااااة

أغااريض(, –الشااكل أرجوانيااة غامقااة تتكااون ماان جاازئين )قنابااة 
, لا  امااار عنبيااة توتيااة حمااراء, انائيااة الجاانس أحاديااة المسااكن

الباالور بيضااوية الشااكل, لاالا توصااي بالمزيااد ماان البحااث حااول و 
جاااراء دراساااة تشاااريحية لنباااا  الااارينش البرقااااوي,  هااالا النباااا , وا 

كما توصي بإجراء دراسا  مورفولوجية مستقبمية لنباتا  الفمورا 
الميبيااااة كونهااااا إحاااادى الطاااارق المعروفااااة فااااي تشااااخيص الأنااااواع 

 النباتية 

 شكر وتقدير

والتقاااادير إلااااب الاااادكتور محمااااد مخمااااور نتقاااادم بخااااالص الشااااكر 
جامعاااة طااارابمس, والمهنااادس الزراعاااي سااامير صاااال , والااادكتورة 
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Abstract: The Araceae family is one of the widely distributed plant families globally and 

among the native species representing this family in Libya, especially in Al-Jabal Al-Akhdar 

region, is Arum cyrenaicum. which has not been studied morphologically since 1977. 

Therefore, this study aims to give a detailed morphological characterization of Arum 

cyrenaicum. and verify that there are no other species of Arum in nineteen locations of Al-

Jabal Al-Akhdar for two seasons 2019-2020, and as a study to be added to the Libyan flora 

data. The results of the field study showed the presence of Arum cyrenaicum. in all studied 

locations. The study was also able to record it for the first time at 14 new locations and did 

not record any other genus Arum species. The results of the morphological study also showed 

that it is a tuber discoid herbaceous annual plant, which grows in the early fall season. It is 

characterized by simple sagittate and hastate leaves with long petiole, single inflorescence 

(spadix), sail shaped, dark purple in color, and it consists of two parts (spathe, spadix). It has 

the smell of dung, is bisexual, monoecious, with female flowers situated at the bottom of male 

flowers, anther consistes of two thecae, superior ovary with single locule, parietal 

placentation, fruit berries red when ripe, and a seed shape ovate. 
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