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Abstract: The experiment was conducted to assess the sensitivity of potato yield to dif-
ferent irrigation levels at different growth stages. Irrigation levels were determined as 
percentages (WI 100% as readily available water to the crop (RAW)), and for the rest of 
the treatments (WII 75%, WIII 50%), as they were applied separately to all four stages of 
crop growth i.e., vegetative (SI), tuber initiation (SII), tuber bulking SIII, and tuber matu-
ration (SIV). The design of complete random sectors was adopted to perform the experi-
ments. The results revealed that all the studied parameters: plant height (cm), vegetation 
plant weight (g), number of tubers per plant, tuber weight (g), tuber yield (ton/ha), and 
crop water productivity (kg/m3) varied among irrigation water levels at different stages of 
growth. It was found that the two stages, SII and SIII in potato crops, were more sensitive 
to deficit irrigation compared to other stages. According to the obtained results, in the 
case of water abundance conditions, the treatment WII SI can be applied to obtain the 
highest water crop productivity. In conditions of water scarcity, it becomes necessary to 
apply the treatment WIII SIII to obtain the highest crop water productivity.  

Keywords: 
Potato, 
Water  
Deficit, 
Water Stress, 
Water Use 
Efficiency, 
Crop Water 
Productivity. 

  (Solanum tuberosum L)العجز المائي عند مراحل نمو مختلفة لل�طاطس
:  الكلمــات المفتاح�ــة

 ال�طاطس، 
 العجز المائي،

 الإجهاد المائي،
 كفاءة استخدام الم�اه،

ــــــــــــة  ــــــــــــة المائ� الانتاج�
 المحصول�ة.

 

فــة علــي إنتاج�ــة محصــول نمــو المختلالتهــدف هــذه الدراســة إلــى تحدیــد تــأثیر العجــز المــائي عنــد مراحــل المســتخلص : 
)، ول�ق�ــة (RAWم�ــاه متاحـة للمحصـول �سـهولة � %)WI 100ال�طـاطس. تـم تحدیـد معــاملات الـري �نسـب مئو�ـة (

النمـو الخضـري  :حیث تم تطب�قها علي جم�ع مراحل نمـو المحصـول الأر�عـة)، WII 75 ،%WII 50%( المعاملات
)SI)تكو�ن الدرنات (SII) ملء الدرنات ، (SIIIضج الدرنات () و نSIV ل على حـدا، وضـمن تصـم�م القطاعـات� (

المعــاملات المختلفــة التــي تــم دراســتها والتــي اشــتملت علــى ارتفــاع  العشــوائ�ة الكاملــة. أظهــرت نتــائج التجر�ــة الحقل�ــة
الن�ات(ســم)، وزن المجمــوع الخضــري (جــم)، عــدد الــدرنات لكــل ن�ــات، وزن الــدرنات (جــم)، الانتاج�ــة (طن/هكتــار)، 

مســـتو�ات م�ـــاه الـــري فـــي مراحـــل النمـــو  اختلافـــات مت�اینـــة بـــینكـــان بینهـــا  )3(كجـــم/م لانتاج�ـــة المائ�ـــة المحصـــول�ةوا
) �انتـــا الأكثـــر حساســـ�ة للـــري النـــاقص مقارنـــة �المراحـــل SII) و الثالثـــة (SIIوجـــد أن المـــرحلتین الثان�ـــة (المختلفـــة. 

ــ الأخــرى.  WII SIتطبیــق المعاملــة  �الإمكــانوفرة المائ�ــة، فإنــه وفقــا للنتــائج المتحصــل علیهــا، وفــي حــال ظــروف ال
 WIII SIIIللحصـول علـى أعلـى انتاج�ـة مائ�ـة. أمـا عنــد ظـروف نـدرة الم�ـاه، �صـ�ح مـن الضــروري تطبیـق المعاملـة 

 للحصول على أعلى انتاج�ة مائ�ة.
 

 

INTRODUCTION 
 

Potato (Solanum tuberosum L.) is the fourth crop 
produced worldwide after rice, wheat, and corn, 
with a total global production of 365 million tons 
in 2012 and a cultivated area of 18.6 million hec 

tares (FAO, 2014). There has been a dramatic 
increase in potato production and demand in 
Asia, Africa, and Latin America, where the yield 
rose from less than 30 million tons in the early 
1960s to more than 381 million tons in 2014 (Po-
tatoPro, 2014). Potato is a water-stress-sensitive 

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.629&amp;domain=pdf&amp;date_stamp=2008-08-14
https://omu.edu.ly/journals/index.php/mjsc/index
https://doi.org/10.54172/mjsc.v37i4.629
mailto:%20htaleb803@gmail.com
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.629&amp;domain=pdf&amp;date_stamp=2008-08-14
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.629&amp;domain=pdf&amp;date_stamp=2008-08-14
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crop. Potato plants are more productive and pro-
duce higher tuber quality when watered precisely 
using soil water tension than if they are under or 
over irrigated (Hashem et al., 2016; Rosen et al., 
2014). Also, potato is sensitive to deficit irriga-
tion throughout various growth stages, especially 
in tuber formation up to harvest (Badr et al., 
2022; Bahramloo & Nasseri, 2009; Shock, 2004; 
Thornton, 2002) found the sensitivity of potatoes 
to water stress was more remarkable when water 
was applied at individual growth stages than at 
different severities of water stress. Potato devel-
opment is differentiated into four growth stages, 
namely: sprout growth, tuber initiation, tuber 
bulking, and tuber maturation (Struik & 
Wiersema, 1999). The period of these growth 
stages is controlled by the environmental and 
management factors related to locations as well 
as the plant variety (Doorenbos & Pruitt, 1977; 
Warsito & Van de Fliert, 2006). All these devel-
opmental stages can be identified on early, mid, 
and late cultivars and are like those suggested by 
(Van Loon, 1981). 

The vegetative growth stage begins from the 
planting date and extends to the stolon’s for-
mation. The duration of the vegetative growth 
stage ranges from 30 to 70 days and depends on 
varieties, cultural practices, and environmental 
conditions (Patil & Sundaresha, 2016). The tuber 
initiation stage takes around 20 to 30 days 
(Cowan, 1986). According to (Kang et al., 
2004), the tuberization stage begins when the 
stolon tip starts to swell and the tuber begins to 
develop, which lasts from 10 to 14 days. Alt-
hough additional stolons may continue to form 
during later stages of plant growth, marketable 
tubers are formed during this stage. The tuber 
bulking growth stage extends from the time 
when tubers are about one-half inch in diameter 
to the beginning of canopy senescence with a 
duration of 60 to 120 days. This wide variation is 
deeply dependent upon variety, nutrient availa-
bility, and environmental conditions (Kang et al., 
2004). As indicated by the International Potato 
Center (CIP, 1984), potato tuber swelling has a 
period of 60 to more than 120 days, contingent 
upon the length of the developing season and 
presence of pathogens. Tuber maturation begins 

with canopy senescence. The growth of the tuber 
shows a lower rate during maturation than during 
the tuber bulking stage (Ojala et al., 1990). The 
tuber bulking period is the time between tuber 
initiation and duration of foliage, while tuber 
bulking growth can be depicted by the slant of a 
straight bend, with the expansion in tuber mass 
after some time (Ojala et al., 1990). Tubers’ 
weight may reach up to 300 g each. Generally, 
they differ in size and shape (FAO, 2008). 

Water stress during the vegetative growth stage 
reduces leaf area, root expansion, and plant 
height and delays canopy development. There is 
an agreement among agricultural specialists in-
cluding (Braue et al., 1983; Ojala et al., 1990); 
Kempen,2012), upon the fact that water stress 
during the maturation stage would be accompa-
nied by a decline in photosynthesis rate, regres-
sion in the tuber development rate, and the vine 
dieback. The impact of water deficit through the 
different growth stages should be known before 
implementing a stress irrigation program. It is 
necessary to know crop yield responses to water 
stress (Kirda & Kanber, 1999) at different stages.  

This study aimed to assess the sensitivity of po-
tato yield to different irrigation levels at different 
growth stages in the Jordan Valley. 

MATERIALS AND METHODS 
Experimental site and weather conditions: 
The study was carried out at the Agricultural 
Experimental Station of Jordan University in the 
Jordan Valley. The Station is located at 32o50' N 
and 35o34'E. The altitude is 370 m below sea 
level. Climate is warm in winter and hot in 
summer. The average minimum temperature is 
18.5 ̊C and maximum temperature is 30 ̊C, with 
annual rainfall ranging from 100 to 150 mm. 

Land preparation and soil data collectio: The 
field was tilled by disc plough to approximately 
30 cm depth. The field was divided into plots 
and then it was completely flooded by water. For 
determining the required physical and chemical 
characteristics, three composite samples (2kg) 
were collected from each soil layer (0-20, 20-40, 
and 40 – 60 cm). According to (Ababsa, 2013), 
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the soil of the experimental site was classified as 
Hyperthermic, Typic Torriorfluents. Different 
soil properties were measured including field 
capacity and permanent wilting point which was 
determined using ceramic plate (Cassel & 
Nielsen, 1986). The bulk density of soil was de-
termined by the core method with a soil volume 
of 63 cm3 (Blake & Hartge, 1986). The soil tex-
ture was performed using the pipette method 
(Gee et al., 1986). Calcium carbonate in soil was 
estimated by the sodium hydroxide method 

(Nelson, 1982). Electrical conductivity and pH 
of the soil were determined in (1:1) soil extract 
(McLean, 1982)..Phosphorus was determined 
according to (Olsen, 1982). The Kjeldahl diges-
tion-distillation method was used to estimate the 
nitrogen content in the soil (Bremner & 
Mulvaney, 1982). Potassium was extracted by 
acetic acid and measured by a flame photometer 
system (Knudsen et al., 1983). Some physical 
and chemical properties of the soil are presented 
for the different soil layers in Table (1). 

 

Table (1). Some physical and chemical properties of the soil. 

Soil depth (cm) 0 -20 20-40 40-60 
Texture Sandy clay loam Sandy clay loam Sandy clay loam 
Bulk density (gm/cm3) 1.43 1.47 1.42 
FC (cm3/cm3) 0.293 0.285 0.298 
PWP (cm3/cm3) 0.139 0.129 0.136 
EC (dS/m) 0.467 0.627 0.473 
pH 7.4 8.01 8.1 
CaCO3 (%) 24.9 25.6 24.7 
Total N (%) 0.45 0.51 0.49 
P (ppm) 60.7 40.6 42 
K (ppm) 62.4 56.1 52.1 
 

Growth stages: The length of the growing 
stages of potatoes depends on planting date, 
soil temperature, climate, location, and other 
environmental factors (Doorenbos & Pruitt, 
1977; Lisinska & Leszczynski, 1989) In this 
study, the potato (Solanum tuberosum L.) cul-
tivar ̋ Spunta ̏ was grown under three different 
irrigation treatments, which were initiated at 
each growth stage to the end of the growing 
season. The length of potato growing stages 
was determined based on visual observations 
and recognizing their characteristics as men-
tioned by Johnson (2008) as follows:  

Stage 1(SI): Vegetative growth. It extended 
up to 48 days after planting tubers (DAP).  
Stolon's formation started when plant height 
was17 cm; 

Stage 2 (SII): Tuber initiation. It took 20 days 
after stage I and depended on stolon's devel-
opment. The swelling of tubers reached to 
less than one inch. 

Stage 3 (SIII): Tuber bulking. It took 33 days 
after stage II and tubers were about one-half 
of its final of this stage. 

Stage 4 (SIV): Tuber maturation. It took 18 
days after stage III depending on the chloro-
phyll percentage in leaves. Table (2) depicts 
the cauterization of potato growth stages. 

Experimental Design: The experiment con-
sisted of 12 treatments that resulted from the 
combination of three different irrigation 
treatments (factor 1) and four growth stages 
(factor 2) with three replications using a fac-
torial arrangement in Randomized Complete 
Block Design (RCBD). The size of each unit 
plot was 8 m in length with a width of 5 m; 
plants were spaced at 0.40 m within rows and 
0.80 m between rows. Each plot contained 
100 plants. Plots were separated by 2 m from 
each other within the plot and 3 m between 
replicates. Tubers were manually planted on 
Dec 20th 2015 with a density of 3.125 
plant/m2. 

 

http://scialert.net/fulltext/?doi=ja.2006.284.288&org=11#t1
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Table (2). Characterization of plant growth stages 
Growth stages of potato Stages(S) Date Number of days 
Planting   20/12/2015 0 
Vegetative SI 05/02/2016 48 
Tuber initiation SII 25/02/2016 20 
Tuber bulking SIII 29/03/2016 33 
Tuber maturation SIV 16/04/2016 18 
Total number of days 119 

 

Plant harvesting: The potato tubers were har-
vested on 16th April 2016 and the harvested 
plot`s size was 11.52 m2 (three rows at the center 
of each plot (4.80 m× 2.40 m). At the physiologi-
cal maturity stage, vegetation weight, tubers 
weight, tuber number, and potato yield per 
treatment and hectare were measured. Mean 
measured values were taken per plant for tubers’ 
weight and plant height.  
Estimation of irrigation supply: The three irri-
gation treatments were 100, 75, and 50% of the 
readily available water (RAW). They were irri-
gated on the same dates with different durations 
for each treatment when the measured volumet-
ric soil water content of 100% reaches the criti-
cal value. The management allowable depletion 
was taken as 40% of total available water. Soil 
water content was monitored in each plot using 
calibrated time domain reflectometer (TDR). 
The soil water content was measured for each 
0.2 m soil layer before and after each irrigation 
using an access tube with a diameter of 5.5 cm 
holes. A drip irrigation system was used with 
one irrigation source line and drippers spaced 0.4 
m with an average discharge of 4 Lh-1. 
The distribution efficiency of emitters was eval-
uated by the discharge of the three emitters per 
line and showed a flow difference of 9.5%. De-
tecting irrigation treatments were considered at 
the following four developmental stages. Table 
(3) depict the irrigation treatments and their de-
tails. 

Fertilizer application: All treatments were sup-
plied with the recommended amount of fertilizer 
(255 kg N (ammonium sulfate 21%) ha-1, phos-
phorus 70 kg of P ha-1 (20- 20 -20-Trace ele-
ments), and 132 kg of K ha-1 (12 -12 -36 +total 
elements) through the irrigation water in all  

treatments. According to (Demelash, 2013), fer-
tilizer requirements are 80 to 120 kg ha-1 N, 50 to 
80 kg ha-1 P and 120 to 160 kg ha-1 K, depending 
on soil analysis and irrigated crop. 

Table (3). Irrigation treatments and their details 

Irrigation 
treatment Details 

WI  
100% of RAW: Irrigation amount for all 
stages (SI, SII, SIII and SIV). 

SIWII 
75% of RAW at SI and 100% of RAW 
during SII, SIII and SIV. 

SIWIII 
50% of RAW at SI and 100% of RAW 
during SII, SIII and SIV.  

SIIWII 
75% of RAW at SII and 100% of RAW 
during SI, SIII and SIV. 

SIIWIII 
50% of RAW at SII and 100% % of 
RAW during SI, SIII and SIV. 

SIIIWII 
75% of RAW at SIII and 100% of RAW 
during SI, SII and SIV. 

SIIIWIII 
50% of RAW at SIII and 100% of RAW 
during, SI, SII and SIV 

SIVWII 
75% of RAW at SIV and 100% of RAW 
during SI, SII and SIII. 

SIVWIII 
50% of RAW at SIV and 100% % of 
RAW during SI, SII and SIII. 

Water management: Irrigation water was man-
aged in relation to the soil moisture level. The 
first treatment (100%) was effected by applying 
all the moisture extracted from effective root zo-
on (ERZ) when the depletion percentage (Dp) 
reaches 40% of RAW. The volumetric soil water 
content was performed by using TDR for the dif-
ferent layers of ERZ at different depths i.e., 0-
20, 20-40, and 40-60 cm. The second treatment 
was planned for 75 % of full irrigation, and the 
third level by the application of 50% only. 
Through this low-discharge emitters irrigation 
system there will be no runoff and consequently, 
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this term had been neglected in the water balance 
equation. Deep percolation has been minimized 
through the low rate of application and checked 
by the measurement of the moisture content be-
low the root zone (60-90 cm) before planting and 
after harvest. Irrigation scheduling was based on 
the soil moisture balance measurement, includ-
ing the amount of each application and timing 
(Gheysari et al., 2009). 

𝑁𝑅𝐷 = ∑ (𝜃𝐹𝐶 − 𝜃𝑠𝑏)𝐷𝑖𝑛
𝑖=0                      (1) 

Where, NRD refers to the net irrigation depth 
(mm) which was applied at irrigation time. θFC 
refers to soil water content at field capacity 
(cm³cm-³), Di refers to the thickness of each soil 
layer (mm), θsb refers to soil water content be-
fore irrigation time (cm³cm-³) at 40% of RAW. 

Therefore, consumed water (CW) was calculated 
by applying the water balance equation to the 
(ERZ) 60 cm. 

 𝐸𝑇 = 𝐼 − �𝑅 + 𝐷𝑝� ± ∆𝜃                      (2) 

Where, ET refers to evapotranspiration (mm), I 
refers to the amount of applied irrigation water 
(mm), R refers to the surface runoff (mm) which 
is negligible, Dp refers to the deep percolation 
(mm), and Δθ refers to the change in the soil wa-
ter storage prior to planting and after harvesting 
of the soil profile above 60 cm depth (mm) 
(Watson & Burnett, 1995). (Pereira & Shock, 
2006) showed that ET of potato crop in duration 
120 to 150 days was 500 to 700 mm, depending 
on atmosphere conditions. 

Crop water productivity and water use effi-
ciency: The concepts of water use efficiency 
(WUE) and water productivity of crops are im-
portant indicators for evaluating the water con-
sumption of crops (Ekhmaj & Almuntaser, 
2016). The term water use efficiency is used in 
different ways by agronomists and physiologists 
depending upon the emphasis that one wishes to 
place on certain aspects of the problem. Agron-
omists define this term as crop yield per unit of 
water use (Sinclair et al., 1984). The total water 
lost by evapotranspiration and transpiration is 
often used for this purpose. As 99% of the water 

consumed by crops in the field is transpired from 
crop leaves and evaporated from the soil surface, 
water use efficiency in effect, is the reciprocal of 
evapotranspiration. Physiologists define the 
WUE concept in terms of the process of photo-
synthesis, expressing it in milligrams of CO2 per 
gram of water (Kramer, 2012).  
Water productivity (WP) can be defined as the 
ratio of the economic yield of a crop to the total 
water supply diverted to irrigate the crop 
(Alghariani, 2006) Both diverted and consumed 
water include the sum of the total water flow in 
addition to the net flow and water depleted by 
the crop (Molden, 1997; Molden & 
Sakthivadivel, 1999). Thus, in agricultural sys-
tems, and in terms of water consumed by the 
crop, crop water productivity is considered to be 
a measure of the output of that system. However, 
to reach the goal of determining the crop water 
productivity for the whole agricultural system, 
this must be done in time and space (Gichuki et 
al., 2006). 

In this study, two indicators were adopted to as-
sess water consumption, which are the water 
productivity of crops at the field level (WP) or 
the production yield per unit volume of irrigation 
water and water use efficiency (WUE). The fol-
lowing equations show the mathematical formu-
las for these indicators: 

𝑊𝑃 = 𝑌
𝐼
                                            (3) 

𝑊𝑈𝐸 = 𝑌
𝐸𝑇𝑐

                                      (4) 

Where Y refers to potato yield for each treatment 
(kg/ha), (I) is applied irrigation water for each 
treatment (m3/ha) and ETc is potato evapotran-
spiration (m3/ha) 
Statistical analysis: Data collected from the 
field experiment was statistically analyzed using 
SAS program version 8. Analysis of variance 
(ANOVA) was used to estimate the significance 
of irrigation treatments and stages. Means 
showed significant differences were separated by 
the least significant difference (LSD) test at 
P<0.05. 



Al-Mukhtar Journal of Sciences 37 (4): 316-328, 2022 
 

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 
321 

RESULTS AND DISCUSSIONS 

Water balance of the root zone: Initial, final, 
and the change of soil water depths within the 
root zone of potatoes during entire growth stages 
and water treatments are depicted in figure (1). It 
was found that the initial soil water depths (at the 
beginning of the experiment) were uniform with-
in the root zone at 80 mm. The final soil water 
depths (at harvesting the crop) were between 58 
mm (during the SIV with WIII) and 78 mm (dur-
ing the SIII with WI). The changes in soil water 
depth were determined as a difference between 
initial soil water depths and final water depths. 
The changes in soil water depths were between 2 
mm (during the SIII with WI) and 23 mm (dur-
ing the SI with WI). The changes in soil water 
depths were used to determine the water balance 
of potato cultivation. 

 
Figure (1). Potato crop evapotranspiration for the different 
treatments. 

Table (4) shows the water balance for the differ-
ent treatments. Essentially, the water supply was 
based on irrigation and soil water content since 
there was no precipitation occurring throughout 
the whole four growth stages. The deep percola-
tion was noted to be in small amounts, and the 
runoff was ignored as no runoff was noticed. The 
maximum and the minimum of evapotranspira-
tion were 711 and 561 mm, for SIWI and SIII 
WIII, respectively. 

Deficient irrigation treatments led to a reduction 
in evapotranspiration at different rates according 

to the plant growth stages. It showed differences 
among irrigation treatments, as well. The maxi-
mum decrease in evapotranspiration, 8.1% and 
18.8%, were noticed during tuber bulking stage 
in the second and third irrigation treatments, re-
spectively. The reason for this, is that the quanti-
ties of irrigation water added to the full irrigation 
treatment were higher than the incomplete irriga-
tion treatments, which led to an increase in the 
processes of transpiration by the plant and evap-
oration from the soil surface. In addition, it was 
also found that the highest evapotranspiration 
was at the vegetative growth stage, the tuber 
emergence stage, and tuber formation. However, 
these results are similar to the literature data 
(Onder et al., 2005; Sadiq, 2013). 

Plant height: Results, as shown in Figure (2), 
explained that irrigation water during all growth 
stages has no significant effect between water 
levels, while there was a significant effect be-
tween stages under the significant level of (0.05). 
The average plant height tends to increase under 
the irrigation treatment of WII at the SI, at which 
the highest height of 51 cm was recorded. The 
deficit irrigation treatment of WIII gave the least 
average height at the SIV, recording 41 cm tall, 
and did not show any difference in all treatments 
of water at SII and SIII. It might be due to the fact 
that the crop encountered favorable soil moisture 
conditions, which enhanced the availability of nutri-
ents essentially required for the enlargement and 
elongation of plant cells. However, as it was indi-
cated by (Zrust, 1995), that plant height was ini-
tially water sensitive for plant height, with a 20% 
reduction rate for full irrigation treatment, which 
was consistent, as well, with (Kang et al., 2004; 
Kashyap & Panda, 2003). 
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Table: (4). Water balance for the different treatments. 

Stage Treatment ET (mm) I (mm) P (mm) 
R (mm)
(mm)  Dp (mm) 

±∆
θ(mm) 

SI WI 702 692 0 0 3 13 
  WII 677 670 0 0 3 9 
  WIII 662 648 0 0 6 20 
SII WI 701 692 0 0 3 12 
  WII 665 651 0 0 3 17 
  WIII 624 609 0 0 5 20 
SIII WI 691 692 0 0 3 2 
  WII 635 619 0 0 2 18 
  WIII 561 545 0 0 5 21 
SIV WI 702 692 0 0 3 13 
  WII 681 665 0 0 2 18 
  WIII 654 637 0 0 5 23 

 
Vegetation plant weight: The results showed 
the significant effect of irrigation treatments 
on vegetation plant weight at growth stages of 
SII, SIII, and SIV. On the other, irrigation 
treatment in SI has no significant difference in 
the average weight of vegetation plants which 
reached 607, 600, and 595g, respectively, in 
irrigation treatment WII, WI, and WIII, as 
indicated in figure (3). SII showed no signifi-
cant difference between WII and WIII, show-
ing that the lowest weights of plants of 400 
and 382 g were respectively related to irriga-
tion treatments of WII and WIII. 

Number of tubers per plant: The effect of 
deficit irrigation treatments on the average 
number of tubers is different during all 
growth stages (Figure 4). While the number 
of tubers showed a significant effect at SII, it 
was obvious that the greatest number of tu-
bers was recorded at SI WII with 10 tubers 
per plant. At the SII WIII stage, the average 
number of tubers was six because the deficit 
irrigation met the critical stage of tubers for-
mation showing a clear negative effect on 
both physiological activity and produced me-
tabolites.  

 

 

Figure (2). Effect of deficit irrigation treatments on the 
final heights of plant. LSD (P<0.05). 

 

Figure (3). Effect of deficit irrigation on plant weight 
at growth stages. LSD (P<0.05). 
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Figure (4). Effect of deficit irrigation treatments on the 
average tubers number per plant. LSD (P<0.05). 
 
As indicated by (Zrust, 1995), that plant 
height was initially water sensitive for plant 
height, with a 20% reduction rate for full irri-
gation treatment, which was consistent with 
(Kang et al., 2004; Kashyap & Panda, 2003). 
 
Tubers weight: The effect of water treat-
ments and interaction between (water levels 
and growth stages) on the weight of tubers 
was insignificant except at growth stages of 
SII and SIII. 

Figure (5) showed that the deficit irrigation 
treatment WII has a clear effect on tuber 
weight during both SI and SIV stages (1573 
and 1432 g, respectively). The least average 
tubers weight of the deficit irrigation treat-
ment under the irrigation level of WIII was 
1105 g in SII of the growth and 1163 g in the 
SIII stage. The shortage in irrigation water 
during the tubers’ formation and cell devel-
opment stages tends to reduce tubers’ growth. 
(Chang, 1968) also indicated that the mois-
ture-sensitive stages of potatoes were from 
stolonization to the beginning of tuberization. 
So, any deficit in irrigation, if accompanied 
with high temperature, will break the dorman-
cy of the recently formed tubers which will 
start to grow up in soil, and if the soil mois-
ture increases, tubers will give a secondary 
small growth causing the low weight of tu-
bers. These results agreed with (Bailey & 
Groves, 1992; Fabeiro et al., 2001; Sadiq, 
2013). 

 

Figure (5). Effect of deficit irrigation treatment on 
average tubers weight per plant at various growth stag-
es. LSD (P<0.05). 

Tubers yield: The potato yield of the deficit 
irrigation treatments is shown in Figure (6). 
There was no significant difference between 
deficit irrigation treatments except for the SII 
growth stage, which had a significant differ-
ence. The interaction between deficit irriga-
tion and growth stages was seen in SII. SIII 
has less effect than SII in all treatments of 
deficit irrigation. While the effect of treat-
ments of deficit irrigation at the same stage 
was insignificant, the treatment 75% (WII) at 
SI gave more yield than treatment 100% 
(WI), while WI produced fewer yields. The 
lowest yield was found in treatment WIII with 
SII, and the highest yield was in treatment 
WII with SI. Other researchers as (Fabeiro et 
al., 2001), reported that 597 mm irrigation 
water was required to obtain a tuber yield of 
45.18 t ha-1. In another study, it was resulting 
that deficit irrigation should be avoided dur-
ing tubers formation and at the middle of the 
maturity stage of potatoes to reach acceptable 
quality and quantity productivity (Kiziloglu et 
al., 2006). Water deficit has decreased the 
evapotranspiration and tuber yield of potatoes 
according to (Kiziloglu et al., 2006). These 
results of deficit irrigation showed that deficit 
irrigation had significant impact on yield. The 
amount of irrigation water was reduced as 
yield significantly decreased. 
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Figure (6). Tubers yield as affected by deficit irriga-
tion treatment at different growth stages LSD (P<0.05). 

Crop Water Consumption: Table (5) pre-
sents the results of water productivity (WP) 
and water use efficiency (WUE) for the dif-
ferent irrigation levels. The results showed 
that the best treatment in WP was recorded at 
deficit irrigation of WIII in SIII producing 
6.231 kg/m3, while the lowest yield value of 
4.238 kg/m3 was related to SII under deficit 
irrigation of WII, whereas the treatment WI at 
stages, SI, SII, SIII, and SIV gave 5.353, 
5.187, 5.291 and 5.220 kg/m3 respectively. 
Although the yield was 37589 kg ha-1 in the 
treatment of the irrigation deficit of WII at 
stage SI, its water productivity was 5.6 kg/m3. 
(Rashidi & Gholami, 2008) illustrated that 
WP of potato in Iran ranged from 1.92 to 5.25 
kg m-3.Deficit irrigation had an effect on the 
yield and yield components at different levels 
of irrigation. Deficit irrigation had significant 
impact on yield and yield components at SII, 
which were obtained from levels WIII and 
WII which have the lowest. These results 
agreed with the research conducted by (Onder 

et al., 2005). Many irrigation studies indicated 
that a reduction in yield is a cause of deficit 
irrigation at different growth stages of the po-
tato (Hassan et al., 2002).  

The results of this study generally agree with 
the observation that an increase in water level 
100% irrigation level leads to decreased WP 
(Erdem et al., 2006; Norwood, 2000; Shani & 
Dudley, 2001). The results of water use effi-
ciency (kg/m3) calculated from equation (4), 
showed that the maximum water use efficien-
cy was 6.05 kg/m3 at stage III and under irri-
gation treatment of WIII. On the other hand, 
the lowest value of WUE 4.15 (kg/m3) was 
noted at stage II under irrigation treatment of 
WIII. WUE follow the same trend as WP. 
Stage II had the best values as compared with 
other stages. Like WP, the best values of 
WUE were also noted in WIII. The compari-
son between the values of the water produc-
tivity of crops and the efficiency of water use, 
both in units (kg/m3), shows the loss of small 
quantities of water that the crop does not ben-
efit from, which indicates the high efficiency 
of the irrigation systems used and the adop-
tion of guided agricultural practices.However, 
by examining table (5), obtaining the largest 
possible crop yield regardless of the amounts 
of water added can be archived by adopting 
the WIISI treatment. Such intervention can be 
applied in cases of water abundance. On the 
other hand, regarding water scarcity, it is ad-
vised to apply the WIII SIII treatment to ob-
tain the highest crop water productivity. 

Table (5). Water productivity and water use efficiency for different stages and irrigation treatments. 

Stages Irrigation (level 
irrigation) 

Crop Yield 
(kg/ ha) 

Applied  irrigation 
amount (m3/ha) 

 ET
mm

 
WP

kg /m3
 

WUE 
kg /m3

 

SI WI 37061 6923 702 5.35 5.28 
WII 37589 6703 677 5.6 5.55 
WIII 36150 6484 662 5.57 5.46 

SII WI 35910 6923 701 5.18 5.12 
WII 27576 6507 665 4.23 4.15 
WIII 27227 6087 624 4.47 4.36 

SIII WI 36632 6923 691 5.29 5.3 
WII 34055 6191 635 5.5 5.36 
WIII 33966 5451 561 6.23 6.05 

SVI WI 36141 6923 702 5.22 5.15 
WII 35890 6646 681 5.4 5.27 
WIII 35586 6366 654 5.59 5.44 
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CONCLUSION 

The results of this study found that the two 
stages SII (tuber initiation) and SIII (tuber 
bulking) in potato crop were the highest sensi-
tivity to deficit irrigation compared to other 
stages. Thus, to obtain the best yield and yield 
components (number of tubers per plant, tuber 
weight, and plant weight of potato), Irrigation 
should be scheduled carefully during tuber 
formation. Based on the results obtained it 
can be recommended to avoid any reduction 
in the amount of irrigation water at the stage 
of tubers formation in order to obtain the 
highest tuber yield and better economic gains. 
Many similar studies must be conducted in 
different regions of Jordan since the soil and 
climate are different from one site to another. 
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 بعض الامتدادات والتعمیمات لنظریة التجمیع الثالثة لكومر
الدوال الفوق :  الكلمات المفتاحیة

 هندسیة؛
 نظریة التجمیع الثالثة لكومر؛

 نظریات التجمیع الفوق هندسیة.

 

ـات  المتدادات والا بعض الحصول على أشكال صریحة من يالبحث ها هذدوافع المستخلص :  تعمیم
ـدمها  یجمتباستخدام نظریة ال جمیع،تلل الثالثة  Kümmer  (كومار) لنظریة ـي ق ـنة (  ع الت ) 2011س
ـث النتائج المستمدة من هذر في مؤلفات سابقة. والتي لم تظه  Rathie (راثي)و ) Rakha(رخا  ا البح

 .مثیرة للاهتمام وقد تكون مفیدة

 
INTRODUCTION and PRELIMINAR-

IES 

The theory of hypergeometric functions is 
rapidly developing with a large number of 
applications in the real world. The major de-
velopment was given (although Euler and 
Pfaff had found many important results) by 
Gauss and Kümmer on the series 2 1F  and 1 1F
respectively and the other higher order hyper-
geometric functions such as 2 1F  and 3 2F pre-

sented by (Clausen, 1828; Goursat, 1883), 
respectively.  

• A natural generalization of the Gaussian hy-
pergeometric series 2 1[ , ; ; ]F zα β γ is ac-
complished by introducing any arbitrary 
number of numerator and denominator pa-
rameters. Thus, the resulting series: 
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p q p q

p p

F z F z
α α α α

β β β β

   
   =   
      
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1

0
1

( )
,

( ) !

p n
j nj

q
n j nj

z

n

α

β

∞
=

=
=

=
∏∑
∏

                   (1.1)  

is known as the generalized hypergeometric 
series, or simply, the generalized hypergeo-
metric function. Here p and q are positive in-
tegers or zero, and we assume that the varia-
ble z , the numerator parameters  

1 2, ,... pα α α  and the denominator parameters

1 2, ,... qβ β β take on complex values, provided 
that 
    0, 1, 2,... ; ,1, 2,... .j j qβ ≠ − − =           (1.2)  
Supposing that none of the numerator and de-
nominator parameters is zero or a negative 
integer, we note that the p qF series defined by 
equation (1.1):  
(i) Convergence for ,z <∞      if  ;p q≤  

(ii) Convergence for   1,z < if  1;p q≤ +  

(iii) Divergence for all , 1,z z ≠ if  1;p q> +  

(iv) Convergence absolutely for 1,z =  if  

1p q= +   and   ( ) 0;w >  

(v) Converges conditionally for 1z =

( 1)z ≠ if 1p q= +   and   

1 ( ) 0;w− < ≤  

(vi) Divergence for 1,z =  if  1p q= +   and   

( ) 1.w ≤−  

Where, by convention, a product over an 
empty set is interpreted as 1 and 

              
1 1

: .
q p

i i
j j

w β α
= =

= −∑ ∑                    (1.3)  

In this paper, we shall use the following 
standard notations: 
 0: {1,2,3,...}; : {0};= = ∪ 

0 ; {0} {0, 1, 2,...}.− −= ∪ = − −Z Z The symbols 
, , , , +     and −  denote the sets of 

complex numbers, real numbers, natural 
numbers, integers, positive and negative real 
numbers, respectively. 
• The Pochhammer symbol ( )pα  

[(Rainville, 1971),  p.(22),  Eq.(1),  Q. N.(8) 
and Q. N.(9), see also (Srivastava & 
Manocha, 1984), p.(23),  Eq.(22) and  
Eq.(23)] is defined by: 

      ( )( ) :
( )p

pαα
α

Γ +
=

Γ
  

( )

( )

0

0

1 ;( 0; \{0}),
( 1)...( 1) ;( ; ),

( 1) ! ;( ; ; , ;0 ),
!

0 ;( ; ; , ; ),
( 1) ;( ; ; \ ),
1

k

k

k

p
n p n

n n p k n k k n
n k

n p k n k k n

p k k

α
α α α α

α

α

α
α

= ∈
 + + − = ∈ ∈
 −

= − = ∈ ≤ ≤
−= 


 = − = ∈ >


− =− ∈ ∈ −









 

 
it being understood conventionally that

0(0) 1= and assumed tacitly that the Gamma 
quotient exists (see, for details, [(Srivastava & 
Manocha, 1984), p.21 et seq.]). Here, we aim 
at the extensions and generalizations of 
Kümmer's third summation theorem involving 
the summation theorems given by Rakha and 
Rathie. Here, for the purpose of the present 
investigation, we would like to recall the fol-
lowing summation formula which is due to 
(Kummer, 1836). 
• Kümmer’s third summation theorem 

[(Kummer, 1836). p.134]:                          

1

2 1

,1 ;
1 2 ( ) (1/ 2)

12
; 2 2

c

a a
cF

c a c a
c

−

− 
  Γ Γ  =

+ + −     Γ Γ         

 (1.4)  

         

1
2 2

1
2 2

c c

c a c a

+   Γ Γ   
   =
+ + −   Γ Γ   

   

          (1.5)   

 
where 0\c −∈  .  
In the literature, the above summation formu-
la is also known as "Bailey's summation theo-
rem".  
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• Summation theorem given by (Rakha & 
Rathie, 2011), p.828, Theorem (6)): 

     2 1

,1 ;
1
2

;

m

F

α α

β

− + 
 
 
 
 
 

 

12 ( ) ( )
1( )

2 2

m a mβ π β
β α β αα

+ − Γ + Γ
= ×

− − +   Γ Γ Γ   
   

 

  

0
,2( 1)

2

m

n
n

n
m
n n m

β α

β α=

 
 − +  Γ  ×    −    + +    Γ −       

∑                                                                                

(1.6)  
where 0, , , \mα β β α α −− − ∈    and 

0.m ∈  
 
Motivated by the work collected in the beauti-
ful monographs of (Andrews et al., 1999; 
Bailey, 1953; Carlson, 1977; Erdélyi et al., 
1955; Prudnikov et al., 1986; Slater, 1966; 
Srivastava & Choi, 2011) and the papers of 
(Arora & Singh, 2008; Kim et al., 2010; Kim 
et al., 2013; Miller, 2005; Qureshi & Baboo, 
2016; Qureshi & Khan, 2020), and others 
(Awad et al., 2021; Koepf et al., 2019), we 
are interested in giving some summation for-
mulas for [ ]3 2 1/ 2F in Section 2. In Section 3 
and 4, we have given some summation formu-
las for [ ]4 3 1/ 2F and [ ]5 4 1/ 2F  respectively. 
The detailed proof of summation formulas has 
been provided by using the summation theo-
rem given by Rakha-Rathie and the series re-
arrangement technique. 

 Any values of the numerator and denomina-
tor parameters in sections 2, 3, and 4, leading 
to results which do not make sense are tacitly 
excluded.  

2- Summation formulas for [ ]3 2 1/ 2F  

Theorem 2.1.  The following summation theo-
rem holds true: 
 

3 2
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1
2

, ;

a a p c

F

b c

− + + 
 
 
 
 
 
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1( )

2 2

p b b
b a b aa

π+ − Γ
= ×

− − +   Γ Γ   
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0

2( ) ( 1)
2

2

p
r

r

b a r
p

a p
b a r pr=

  − +  Γ      × Γ − − +   + + −    Γ     

∑   

(1 ) ( 1)a p a p
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− + Γ − −
+ ×                            
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2

0

2 21 ,
2 2

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ   +    × −   + + − −    Γ     

∑   

                                                                (2.1)  
  where 0, , , , \a b c b a a p −− − ∈    and 

0.p ∈  
Proof of Theorem (2.1) :  In order to establish 
the result, we proceed as follows: 

  3 2
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1
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a a p c

F

b c

− + + 
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  =
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r r r
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a a p r
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=

− +  = + 
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 0 1

( ) (1 ) (1/ 2) ( ) (1 ) (1/ 2)1
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r r
r r r r
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a a p a a p
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∞ ∞
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− + − +
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Replacing r  by 1r + in the second term on 

the right hand side of the equation (2.2), we 
get: 

3 2
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F
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(2.3) Applying summation theorem (1.6)  in 
equation (2.3)  , we get  
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(2.4) On simplifying further, we arrive at the 
result (2.1) . 
Theorem 2.2.  The following summation theo-
rem holds true: 
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(2.5)  
where 0, , , , \a b c b a a p −− − ∈    and 

0.p ∈  
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Theorem 2.3.  The following summation theo-
rem holds true:
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− + − + Γ − −
+ ×

+
 

4

0

4 2( 1)
2 4

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ  +   × − +   + + − −   Γ    

∑

 
     

(1 )(2 )(3 ) ( 3)
( 1) ( 2)

a p a p a p a p
c c c

− + − + − + Γ − −
+ ×

+ +
   

6

0

6 2( 1) ,
2 6

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ   +    × −   + + − −    Γ     

∑  

                                                                   
(2.6)  
where 0, , , , \a b c b a a p −− − ∈    and

0.p ∈  
 

Theorem 2.4.  The following formula holds 
true: 

3 2

,1 , 4;
1
2

, ;

a a p c

F

b c

− + + 
 
 
 
 
 

 

12 ( )
1( )

2 2

p b b
b a b aa

π+ − Γ
= ×

− − +   Γ Γ   
   

                                  

  

0

2( ) ( 1)
2

2

p
r

r

b a r
p

a p
b a r pr=

  − +  Γ      × Γ − − +   + + −    Γ     

∑  

          
4 (1 ) ( 1)a p a p

c
− + Γ − −

+ ×  

2

0

2 2( 1)
2 2

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ  +   × − +   + + − −   Γ    

∑  

        6(1 )(2 ) ( 2)
( 1)

a p a p a p
c c

− + − + Γ − −
+ ×

+
 

4

0

4 2( 1)
2 4

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ  +   × − +   + + − −   Γ    

∑  

4(1 )(2 )(3 ) ( 3)
( 1) ( 2)

a p a p a p a p
c c c

− + − + − + Γ − −
+ ×

+ +

6

0

6 2( 1)
2 6

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ  +   × − +   + + − −   Γ    

∑

 
(1 )(2 )(3 ) (4 ) ( 4)

( 1) ( 2)( 3)
a p a p a p a p a p

c c c c
− + − + − + − + Γ − −

+ ×
+ + +

8

0

8 2( 1) ,
2 8

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ   +    × −   + + − −    Γ      

∑ (2.7)  
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where 0, , , , \a b c b a a p −− − ∈     and

0.p ∈   
 
The proof of theorems (2.2)-(2.4), would run 
parallel to theorem (2.1) with the help of 
summation theorem (1.6) and the series rear-
rangement technique. The involved details are 
omitted. 

3- Summation formulas for 4 3
1
2

F  
  

 

Theorem3.1. The following summation theo-
rem holds true: 

4 3

,1 , 1, 1;
1
2

, , ;

a a p c d

F

b c d

− + + + 
 
 
 
 
 

   

12 ( )
1( )

2 2

p b b
b a b aa

π+ − Γ
= ×

− − +   Γ Γ Γ   
   

                         

0

2( ) ( 1)
2

2

p
r

r

b a r
p

a p
b a r pr=

  − +  Γ      × Γ − − +   + + −    Γ     

∑

  

    
(1 )(1 ) ( 1)a p c d a p

cd
− + + + Γ − −

+ ×  

2

0

2 2( 1)
2 2

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ  +   × − +   + + − −   Γ    

∑    

     
(1 )(2 ) ( 2)a p a p a p

cd
− + − + Γ − −

+ ×  

4

0

4 2( 1) ,
2 4

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ   +    × −   + + − −    Γ     

∑

 (3.1)  
where 0, , , , , \a b c d b a a p −− − ∈    and 

0.p ∈  
  Proof of the Theorem (3.1): 

In order to establish the result, we proceed as 
follows. 

4 3

,1 , 1, 1;
1
2

, , ;

a a p c d

F

b c d

− + + + 
 
  =
 
 
 

 

0

( ) (1 ) ( 1) ( 1)(1/ 2)
( ) ( ) ( ) !

r
r r r

r r r r

a a p c d
b c d r

∞

=

− + + +
= ∑  

 

0

( ) (1 ) (1/ 2) (1 ) ( 1)1
( ) !

r
r r

r r

a a p c d r r r
b r cd cd

∞

=

− + + + − = + + 
 

∑     

0

( ) (1 ) (1/ 2) (1 )
( ) !

r
r r

r r

a a p c d
b r cd

∞

=

− + + +
= + ×∑  

          1

( ) (1 ) (1/ 2)
( ) ( 1)!

r
r r

r r

a a p
b r

∞

=

− +
× +

−∑  

        
2

( ) (1 ) (1/ 2)1
( ) ( 2)!

r
r r

r r

a a p
cd b r

∞

=

− +
+

−∑         (3.2)  

Replacing r by 1r + in the second term and 
r by 2r + in the third term on the right hand 
side of the equation (3.2), we get 
 

4 3

,1 , 1, 1;
1
2

, , ;

a a p c d

F

b c d

− + + + 
 
  =
 
 
 

 

0

( ) (1 ) (1/ 2) (1 )
( ) !

r
r r

r r

a a p c d
b r cd

∞

=

− + + +
= + ×∑  

          

1
1 1

0 1

( ) (1 ) (1/ 2)
( ) !

r
r r

r r

a a p
b r

+∞
+ +

= +

− +
× +∑  

        

2
2 2

0 2

( ) (1 ) (1/ 2)1
( ) !

r
r r

r r

a a p
cd b r

+∞
+ +

= +

− +
+ ∑  

           
 

0

( ) (1 ) (1/ 2) (1 ) (1 )
( ) ! 2

r
r r

r r

a a p c d a a p
b r bcd

∞

=

− + + + − +
= + ×∑  

          0

(1 ) (2 ) (1/ 2)
(1 ) !

r
r r

r r

a a p
b r

∞

=

+ − +
× +

+∑  

          

( 1)(1 )(2 )
4 ( 1)

a a a p a p
b b cd

+ − + − +
+ ×

+
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           0

(2 ) (3 ) (1/ 2)
(2 ) !

r
r r

r r

a a p
b r

∞

=

+ − +
×

+∑  

2 1

,1 ;
1 (1 ) (1 )
2 2

;

a a p
c d a a pF

bcd
b

− + 
  + + − + = + ×
 
 
 

 

         

2 1

1 , 2 ;
1
2

1 ;

a a p

F

b

+ − + 
 
 × +
 
 + 

 

          

( 1)(1 )(2 )
4 ( 1)

a a a p a p
b b cd

+ − + − +
+ ×

+
 

        

2 1

2 , 3 ;
1 . (3.3)
2

2 ;

a a p

F

b

+ − + 
 
 ×
 
 + 

                                       

Now applying the summation theorem (1.6)  
in the equation (3.3), we get  

  4 3

,1 , 1, 1;
1
2

, , ;

a a p c d

F

b c d

− + + + 
 
  =
 
 
 

 

12 ( ) ( )
1( )

2 2

p b b a p
b a b aa

π+ − Γ Γ −
= ×

− − +   Γ Γ Γ   
   

 

0

2( 1)

2

p
r

r

b a r
p
r b a r p=

 − + Γ     × − +    + +    Γ −      

∑  

12 (1 )(1 ) ( ) ( 1)
1( )

2 2

p b a p c d b a p
b a b ac d a

π+ − − + + + Γ Γ − −
+ ×

− − +   Γ Γ Γ   
   

2

0

2 2( 1)
2 ( 2)

2

p
r

r

b a r
p

r b a r p

+

=

 − + Γ  +   × − +    + + +    Γ − +      

∑

12 (1 )(2 ) ( ) ( 2)
1( )

2 2

p b a p a p b a p
b a b acd a

π+ − − + − + Γ Γ − −
+ ×

− − +   Γ Γ Γ   
   

       

( )
( )

4

0

4 21 .
4 4

2

p
r

r

b a r
p

r b a r p

+

=

 − + Γ  +   × −    + + +    Γ − +      

∑

 
(3.4) On simplifying further, we arrive at the 
result (3.1) . 
 
Theorem3.2.  The following summation theo-
rem holds true: 

4 3

,1 , 1, 2;
1
2

, , ;

a a p c d

F

b c d

− + + + 
 
 
 
 
 

 

12 ( )
1( )

2 2

p b b
b a b aa

π+ − Γ
= ×

− − +   Γ Γ Γ   
   

 

0

2( ) ( 1)
2

2

p
r

r

b a r
p

a p
b a r pr=

  − +  Γ      × Γ − − +   + + −    Γ     

∑   

 
(1 )(2 2 ) ( 1)a p c d a p

cd
− + + + Γ − −

+ ×  

   

2

0

2 2( 1)
2 2

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ  +   × − +   + + − −   Γ    

∑  

(1 ) (2 ) (4 2 ) ( 2)
( 1)

a p a p c d a p
cd d

− + − + + + Γ − −
+ ×

+
 

4

0

4 2( 1)
2 4

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ  +   × − +   + + − −   Γ    

∑  

(1 )(2 )(3 ) ( 3)
( 1)

a p a p a p a p
cd d

− + − + − + Γ − −
+ ×

+
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6

0

6 2( 1) ,
2 6

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ   +    × −   + + − −    Γ     

∑

                         

                                  (3.5)  
where 0, , , , , \a b c d b a a p −− − ∈    and 

0.p ∈  
 
Theorem3.3.  The following summation the-
orem holds true: 

4 3

,1 , 2, 2;
1
2

, , ;

a a p c d

F

b c d

− + + + 
 
 
 
 
 

 

        

12 ( )
1( )

2 2

p b b
b a b aa

π+ − Γ
= ×

− − +   Γ Γ Γ   
   

 

0

2( ) ( 1)
2

2

p
r

r

b a r
p

a p
b a r pr=

  − +  Γ      × Γ − − +   + + −    Γ     

∑   

(1 ) (4 2 2 ) ( 1)a p c d a p
cd

− + + + Γ − −
+ ×                                        

2

0

2 2( 1)
2 2

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ  +   × − +   + + − −   Γ    

∑

 

       

(1 )(2 ) ( 2)
( 1)

a p a p a p
c c

− + − + Γ − −
+ ×

+  

        

2 2(14 4 9 9 )
( 1)

c d cd c d
d d

+ + + + +
× ×

+
 

4

0

4 2( 1)
2 4

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ  +   × − +   + + − −   Γ    

∑  

 

  

(1 ) (2 ) (3 )
( 1)

a p a p a p
c c

− + − + − +
+ ×

+  

    

(8 2 2 ) ( 3)
( 1)

c d a p
d d

+ + Γ − −
× ×

+  

6

0

6 2( 1)
2 6

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ  +   × − +   + + − −   Γ    

∑  

   

(1 ) (2 ) (3 )
( 1)

a p a p a p
c c

− + − + − +
+ ×

+
  

     

(4 ) ( 4)
( 1)

a p a p
d d

− + Γ − −
× ×

+

8

0

8 2( 1) ,
2 8

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ   +    × −   + + − −    Γ     

∑                                                          

                                                           (3.6)   
where 0, , , , , \a b c d b a a p −− − ∈    and 

0.p ∈  
 
Theorem3.4.  The following summation the-
orem holds true: 

4 3

,1 , 1, 3;
1
2

, , ;

a a p c d

F

b c d

− + + + 
 
 
 
 
 

 

    
12 ( )

1( )
2 2

p b b
b a b aa

π+ − Γ
= ×

− − +   Γ Γ Γ   
   

 

0

2( ) ( 1)
2

2

p
r

r

b a r
p

a p
b a r pr=

  − +  Γ      × Γ − − +   + + −    Γ     

∑    

 
(3 3 ) (1 ) ( 1)c d a p a p

cd
+ + − + Γ − −

+ ×  

2

0

2 2( 1)
2 2

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ  +   × − +   + + − −   Γ    

∑  
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(9 3 3 ) (1 ) (2 ) ( 2)
( 1)

c d a p a p a p
cd d

+ + − + − + Γ − −
+ ×

+
 

4

0

4 2( 1)
2 4

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ  +   × − +   + + − −   Γ    

∑  

 
(1 ) (2 )(3 ) (9 3 ) ( 3)

( 1) ( 2)
a p a p a p c d a p

c d d d
− + − + − + + + Γ − −

+ ×
+ +

 

6

0

6 2( 1)
2 6

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ  +   × − +   + + − −   Γ    

∑  

 
(1 )(2 ) (3 )(4 ) ( 4)

( 1) ( 2)
a p a p a p a p a p

c d d d
− + − + − + − + Γ − −

+ ×
+ +

8

0

8 2( 1) ,
2 8

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ   +    × −   + + − −    Γ      

∑  

                                                              (3.7)  
where 0, , , , , \a b c d b a a p −− − ∈    and 

0.p ∈  
The proof of theorems (3.2)-(3.4) would be 
accomplished by following the lines of that of 
theorem (3.1) with the aid of summation theo-
rem (1.6). The involved details are omitted. 

     4- Summation formulas for 5 4
1
2

F  
  

and 6 5
1
2

F  
  

 

 
Theorem 4.1.  The following summation theo-
rem holds true: 

5 4

,1 , 1, 1, 1;
1
2

, , , ;

a a p c d g

F

b c d g

− + + + + 
 
 
 
 
 

 

12 ( )
1( )

2 2

p b b
b a b aa

π+ − Γ
= ×

− − +   Γ Γ Γ   
   

 

   
0

2( ) ( 1)
2

2

p
r

r

b a r
p

a p
b a r pr=

  − +  Γ      × Γ − − +   + + −    Γ     

∑  

          

(1 )c d g cd cg dg
c dg

+ + + + + +
+ ×  

         
(1 ) ( 1)a p a p× − + Γ − − ×  

2

0

2 2( 1)
2 2

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ  +   × − +   + + − −   Γ    

∑  

 
(3 )(1 )(2 ) ( 2)c d g a p a p a p

c d g
+ + + − + − + Γ − −

+ ×  

4

0

4 2( 1)
2 4

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ  +   × − +   + + − −   Γ    

∑  

(1 )(2 )(3 ) ( 3)a p a p a p a p
c dg

− + − + − + Γ − −
+ ×  

6

0

6 2( 1) ,
2 6

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ   +    × −   + + − −    Γ     

∑   

(4.1)  
where 0, , , , , , \a b c d g b a a p −− − ∈    and

0.p ∈  
Proof of Theorem 4.1.: In order to establish 
the result, we proceed as follows. 

5 4

,1 , 1, 1, 1;
1
2

, , , ;

a a p c d g

F

b c d g

− + + + + 
 
 
 
 
 

0

( ) (1 ) ( 1) ( 1)
( ) ( ) ( )

r r r r

r r r r

a a p c d
b c d

∞

=

− + + +
= ×∑
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( 1) (1/ 2)
( ) !

r
r

r

g
g r

+
×

 

0

( ) (1 ) (1/ 2)
( ) !

r
r r

r r

a a p
b r

∞

=

− +
= ×∑

 

     

(1 )1 c d g cd cg dg r
cdg

 + + + + + +
× + +


 

    
 

          

(3 ) ( 1)c d g r r
cdg

+ + +
+ − +         

          1 ( 1) ( 2)r r r
cdg


+ − − 


 

                   

0

( ) (1 ) (1/ 2)
( ) !

r
r r

r r

a a p
b r

∞

=

− +
= +∑

 

       

(1 )c d g cd cg dg
cdg

+ + + + + +
+ ×  

       1

( ) (1 ) (1/ 2)
( ) ( 1)!

r
r r

r r

a a p
b r

∞

=

− +
× +

−∑
      

2

( ) (1 ) (1/ 2)(3 )
( ) ( 2)!

r
r r

r r

a a pc d g
cdg b r

∞

=

− ++ + +
+ +

−∑  

    
3

( ) (1 ) (1/ 2)1 . ( 4.2 )
( ) ( 3)!

r
r r

r r

a a p
cdg b r

∞

=

− +
+

−∑  

 
Replacing r  by 1r +  in the second term,  r  
by 2r +  in the third term, and r  by 3r +  in 
the fourth term on the right hand side of the 
equation (4.2), we get 

5 4

,1 , 1, 1, 1;
1
2

, , , ;

a a p c d g

F

b c d g

− + + + + 
 
 
 
 
 

  

1
1 1

0 1

( ) (1 ) (1/ 2)
( ) !

r
r r

r r

a a p
b r

+∞
+ +

= +

− +
= +∑

 

        

(1 )c d g cd cg dg
cdg

+ + + + + +
+ ×

 

         

1
1 1

0 1

( ) (1 ) (1/ 2)
( ) !

r
r r

r r

a a p
b r

+∞
+ +

= +

− +
× +∑

 

     

(1 )c d g cd cg dg
cdg

+ + + + + +
+ ×  

  

1
2 2

0 2

( ) (1 ) (1/ 2)(3 )
( ) !

r
r r

r r

a a pc d g
cdg b r

+∞
+ +

= +

− ++ + +
+ +∑  

    
3

3 3

0 3

( ) (1 ) (1/ 2)1 .
( ) !

r
r r

r r

a a p
cdg b r

+∞
+ +

= +

− +
+ ∑  

 

0

( ) (1 ) (1/ 2)
( ) !

r
r r

r r

a a p
b r

∞

=

− +
= +∑

      
(1 ) (1 )

2
c d g cd cg dg a a p

bcdg
+ + + + + + − +

+ ×

 
       0

(1 ) (2 ) (1/ 2)
(1 ) !

r
r r

r r

a a p
b r

∞

=

+ − +
× +

+∑

  
(3 ) (1 )(1 ) (2 )

4 ( 1)
c d g a a a p a p

b b cdg
+ + + + − + − +

+ ×
+

 
   0

(2 ) (3 ) (1/ 2)
(2 ) !

r
r r

r r

a a p
b r

∞

=

+ − +
× +

+∑

 
   

(1 )(1 ) (2 )(3 )
8 ( 1) ( 2)

a a a p a p a p
b b b cdg

+ − + − + − +
+ ×

+ +

 
     0

(3 ) (4 ) (1/ 2)
(3 ) !

r
r r

r r

a a p
b r

∞

=

+ − +
×

+∑

 

2 1

,1 ;
1
2

;

a a p

F

b

− + 
 
 = +
 
 
   

    
(1 ) (1 )

2
c d g cd cg dg a a p

bcdg
+ + + + + + − +

+ ×

 

2 1

1 , 2 ;
1
2

1 ;

a a p

F

b

+ − + 
 
 = +
 
 + 

   

(3 ) (1 )(1 ) (2 )
4 ( 1)

c d g a a a p a p
b b cdg

+ + + + − + − +
+ ×

+
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2 1

2 ,3 ;
1
2

2 ;

a a p

F

b

+ − + 
 
 = +
 
 + 

  

(1 )(1 ) (2 )(3 )
8 ( 1) ( 2)

a a a p a p a p
b b b cdg

+ − + − + − +
+ ×

+ +
 

2 1

3 , 4 ;
1 (4.3)
2

3 ;

a a p

F

b

+ − + 
 
 =
 
 + 

 

Now applying the summation theorem (1.6) 
in equation (4.3), we get 

5 4

,1 , 1, 1, 1;
1
2

, , , ;

a a p c d g

F

b c d g

− + + + + 
 
 
 
 
 

 

12 ( ) ( )
1( )

2 2

p b b a p
b a b aa

π+ − Γ Γ −
= ×

− − +   Γ Γ Γ   
   

 

   
0

2( 1)

2

p
r

r

b a r
p

b a rr p=

 − +  Γ     × − +   + +   Γ −    

∑  

 
12 (1 )(1 )

( )

p b a p c d g cd cg dg
cdg a

+ − − + + + + + + +
+ ×

Γ

 

       
 

          

( ) ( 1)
1

2 2

b a p
b a b a
π Γ Γ − −

× ×
− − +   Γ Γ   

     

2

0

2 2( 1)
2 ( 2)

2

p
r

r

b a r
p

r b a r p

+

=

 − + Γ  +   × − +    + + +    Γ − +      

∑

12 (1 )(2 ) (3 )

( )
2

p b a p a p c d g
b acdg a

+ − − + − + + + +
+ ×

− Γ Γ 
 

 

            

( ) ( 2)
1

2

b a p
b a

π Γ Γ − −
× ×

− + Γ 
 

 

4

0

4 2( 1)
4 ( 4)

2

p
r

r

b a r
p

r b a r p

+

=

 − + Γ  +   × − +    + + +    Γ − +      

∑

 

          

12 (1 )(2 )

( )
2

p b a p a p
b acdg a

+ − − + − +
+ ×

− Γ Γ 
     

          

(3 ) ( 3) ( )
1

2

a p a p b
b a

π− − Γ − − Γ
× ×

− + Γ 
 

6

0

6 2( 1) .
6 ( 6)

2

p
r

r

b a r
p

r b a r p

+

=

 − + Γ  +   × −    + + +    Γ − +      

∑  

On simplifying further, we arrive at the result 
(4.1). 
 
Theorem 4.2.  The following summation theo-
rem holds true: 
: 

5 4

,1 , 1, 1, 2;
1
2

, , , ;

a a p c d g

F

b c d g

− + + + + 
 
 
 
 
 

 

12 ( )
1( )

2 2

p b b
b a b aa

π+ − Γ
= ×

− − +   Γ Γ Γ   
   

 

0

2( ) ( 1)
2

2

p
r

r

b a r
p

a p
b a r pr=

  − +  Γ      × Γ − − +   + + −    Γ     

∑   

        

( 2 2 2 2)

(1 ) ( 1)

dg cg cd c d g
cdg

a p a p

+ + + + + +
+ ×

× − + Γ − − ×
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2

0

2 2( 1)
2 2

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ  +   × − +   + + − −   Γ    

∑  

           

(1 ) (2 )
( 1)

a p a p
cdg g

− + − +
+ ×

+
 

2(10 2 2 4 4 7 )cd dg cg g c d g× + + + + + + + ×  

 

4

0

4 2( 2) ( 1)
2 4

2

p
r

r

b a r
p

a p
b a r pr

+

=

 − +  Γ  +   ×Γ − − − +   + + − −   Γ    

∑
  

     

(1 )(2 )(3 )a p a p a p
c d

− + − + − +
+ ×  

     

(7 2 ) ( 3)
( 1)

c d g a p
g g

+ + + Γ − −
× ×

+
 

6

0

6 2( 1)
2 6

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ  +   × − +   + + − −   Γ    

∑  

                      
(1 )(2 )(3 )(4 ) ( 4)

( 1)
a p a p a p a p a p

c d g g
− + − + − + − + Γ − −

+ ×
+

 

   
8

0

8 2( 1) ,
2 8

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ   +    × −   + + − −    Γ      

∑   

                                                                 (4.4)                                                        
  where 0, , , , , , \a b c d g b a a p −− − ∈    and

0.p ∈  
The proof of theorem (4.2) would run parallel 
to the theorem (4.1) with the help of summa-
tion theorem (1.6). The details are omitted. 
Theorem 4.3.  The following summation theo-
rem holds true: 

6 5

,1 , 1, 1, 1, 1;
1
2

, , , , ;

a a p c d g h

F

b c d g h

− + + + + + 
 
 
 
 
 

12 ( )
1( )

2 2

p b b
b a b aa

π+ − Γ
= ×

− − +   Γ Γ Γ   
   

 

0

2( ) ( 1)
2

2

p
r

r

b a r
p

a p
b a r pr=

  − +  Γ      × Γ − − +   + + −    Γ     

∑  

(1 ) ( 1)(1a p a p cdg cdh cgh dgh
cd

− + Γ − − + + + + +
+  

)cd cg ch dg dh gh c d g h
gh

+ + + + + + + + + +
×  

2

0

2 2( 1)
2 2

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ  +   × − +   + + − −   Γ    

∑

  
(1 ) (2 )(7a p a p cd cg ch dg

cd
− + − + + + + + +

+  

3 3 3 3 ) ( 2)dh gh c d g h a p
gh

+ + + + + + Γ − −
×     

4

0

4 2( 1)
2 4

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ  +   × − +   + + − −   Γ    

∑  

(6 )(1 )(2 ) (3 )c d g h a p a p a p
cdgh

+ + + + − + − + − +
× ×

6

0

6 2( 3) ( 1)
2 6

2

p
r

r

b a r
p

a p
b a r pr

+

=

 − +  Γ  +   × Γ − − − +   + + − −   Γ    

∑

(1 )(2 ) (3 )(4 ) ( 4)a p a p a p a p a p
cdgh

− + − + − + − + Γ − −
+ ×

    
8

0

8 2( 1) ,
2 8

2

p
r

r

b a r
p

b a r pr

+

=

 − +  Γ   +    × −   + + − −    Γ      

∑    

(4.5) where 

0, , , , , , , \a b c d g h b a a p −− − ∈    and 

0.p ∈  
Proof of Theorem 4.3.: In order to establish 
the result, we proceed as follows. 
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6 5

,1 , 1, 1, 1, 1;
1
2

, , , , ;

a a p c d g h

F

b c d g h

− + + + + + 
 
 
 
 
 

0

( ) (1 ) ( 1) ( 1)
( ) ( ) ( )

r r r r

r r r r

a a p c d
b c d

∞

=

− + + +
= ×∑
  

          

( 1) ( 1) (1/ 2)
( ) ( ) !

r
r r

r r

g h
g h r

+ +
×

 

0

( ) (1 ) (1/ 2)
( ) !

r
r r

r r

a a p
b r

∞

=

− +
= ×∑

 
(11 cdg cdh cgh dgh cd cg

cd
+ + + + + + +× +


 

    

)ch dg dh gh c d g h r
gh

+ + + + + + + +
+  

       

(7 cd cg ch dg dh gh
cd

+ + + + + + +
+  

        

3 3 3 3 ) ( 1)c d g h r r
gh

+ + + +
− +  

       (6 ) ( 1)( 2)c d g h r r r
cdgh

+ + + +
+ − − +   

       1 ( 1) ( 2) ( 3)r r r r
cdgh


+ − − − 


      (4.6)  

      0

( ) (1 ) (1/ 2)
( ) !

r
r r

r r

a a p
b r

∞

=

− +
= +∑  

         

(1 cdg cdh cgh dgh cd cg
cd

+ + + + + + +
+  

          

)ch dg dh gh c d g h
gh

+ + + + + + + +
×  

            1

( ) (1 ) (1/ 2)
( ) ( 1)!

r
r r

r r

a a p
b r

∞

=

− +
× +

−∑  

           

(7 cd cg ch dg d h
cd

+ + + + + +
+  

           

3 3 3 3 )gh c d g h
gh

+ + + + +
×  

               2

( ) (1 ) (1/ 2)
( ) ( 2)!

r
r r

r r

a a p
b r

∞

=

− +
× +

−∑  

   3

( ) (1 ) (1/ 2)(6 )
( ) ( 3)!

r
r r

r r

a a pc d g h
c d gh b r

∞

=

− ++ + + +
+ +

−∑  

         4

( ) (1 ) (1/ 2)1
( ) ( 4)!

r
r r

r r

a a p
c d g h b r

∞

=

− +
+

−∑          (4.7)   

 
Replacing r  by 1r + in the second term,  r  
by 2r +  in the third term, r  by 3r +  in the 
fourth term, and r  by 4r +  in the fifth term 
on the right hand side of the equation (4.7), 
we get 

6 5

,1 , 1, 1, 1, 1;
1
2

, , , , ;

a a p c d g h

F

b c d g h

− + + + + + 
 
 
 
 
 

 

0

( ) (1 ) (1/ 2)
( ) !

r
r r

r r

a a p
b r

∞

=

− +
= +∑  

     

(1 cdg cdh cgh dgh cd cg
cd

+ + + + + + +
+  

      

)ch dg dh gh c d g h
gh

+ + + + + + + + ×

  

0

(1 ) (2 ) (1/ 2)(1 )
2 (1 ) !

r
r r

r r

a a pa a p
b b r

∞

=

+ − +× − +
+

+∑  

(7 3 3cd cg ch dg dh gh c d
cdgh

+ + + + + + + + +
+  

  

3 3 ) ( 1) (1 ) (2 )
4 ( 1)

g h a a a p a p
b b

+ + + − + − −
×

+
 

      0

(2 ) (3 ) (1/ 2)
(2 ) !

r
r r

r r

a a p
b r

∞

=

+ − +
× +

+∑  

( 1) ( 2)(1 ) (2 )
8 ( 1) ( 2)

a a a a p a p
b b b

+ + − + − +
+ ×

+ +
 

(3 ) (6 )a p c d g h
cdgh

− + + + + +
× ×  

        0

(3 ) (4 ) (1/ 2)
(3 ) !

r
r r

r r

a a p
b r

∞

=

+ − +
× +

+∑  

( 1) ( 2) ( 3)(1 ) (2 )
16 ( 1) ( 2) ( 3)

a a a a a p a p
b b b b

+ + + − + − +
+ ×

+ + +
 

0

(4 ) (5 ) (1/ 2)(3 ) (4 )
(4 ) !

r
r r

r r

a a pa p a p
cd gh b r

∞

=

+ − +− + − +
×

+∑  
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= 2 1

,1 ;
1
2

;

a a p

F

b

− + 
 
  +
 
 
 

 

         
(1

2
cdg cdh cgh dgh cd cg ch

cd
+ + + + + + + +

+  

             
)

2
cg ch dg dh gh c d g h

bgh
+ + + + + + + + +

×

  

 

  

2 1

1 , 2 ;
1(1 )
2

1 ;

a a p

a a b F

b

+ − + 
 
 × − + +
 
 + 

 

 

   

(7 cd cg ch dg dh gh
cd

+ + + + + + +
+  

            
3 3 3 3 ) ( 1) (1 )

4 ( 1)
c d g h a a a p

b b gh
+ + + + + − +

×
+

 

     

( 1) (1 ) (2 )
4 ( 1)

a a a p a p
b b

+ − + − +
× ×

+

  

2 1

2 , 3 ;
1(2 )
2

2 ;

a a p

a p F

b

+ − + 
 
 × − + +
 
 + 

 

    

( 1) ( 2)(1 ) (2 )
8 ( 1) ( 2)

a a a a p a p
b b b

+ + − + − +
+ ×

+ +
 

          

(3 ) (6 )a p c d g h
cdgh

− + + + + +
× ×  

       

2 1

3 , 4 ;
1
2

3 ;

a a p

F

b

+ − + 
 
 × +
 
 + 

 

( 1) ( 2) ( 3)(1 ) (2 )
16 ( 1) ( 2) ( 3)

a a a a a p a p
b b b b

+ + + − + − +
+ ×

+ + +
 

2 1

4 , 5 ;
(3 ) (4 ) 1

2
4 ;

a a p
a p a p F

cdgh
b

+ − + 
 − + − +  ×
 
 + 

(4.8)  

Applying the summation theorem (1.6) in 
equation (4.8), we get              

6 5

,1 , 1, 1, 1, 1;
1
2

, , , , ;

a a p c d g h

F

b c d g h

− + + + + + 
 
  =
 
 
 

 

         

12 ( ) ( )
1( )

2 2

p b b a p
b a b aa

π+ − Γ Γ −
= ×

− − +   Γ Γ Γ   
   

 

         

0

2( 1)

2

p
r

r

b a r
p
r b a r p=

 − + Γ     × − +    + +    Γ −      

∑  

           

12 (1 ) ( ) ( 1)
1( )

2 2

p b a p b a p
b a b aa

π+ − − + Γ Γ − −
+ ×

− − +   Γ Γ Γ   
   

 

    

(1 c dg c dh cgh dgh cd cg
cd

+ + + + + + +
×  

)ch dg dh gh c d g h
gh

+ + + + + + + +
×  

2

0

2 2( 1)
2 ( 2)

2

p
r

r

b a r
p
r b a r p

+

=

 − + Γ  +   × − +    + + +    Γ − +      

∑      

     

     

12 (1 ) (2 )
1( )

2 2

p b a p a p
b a b aa

+ − − + − +
+ ×

− − +   Γ Γ Γ   
   

 

      

(7 3cd cg ch dg dh gh c
cd

+ + + + + + + +
×  

     
3 3 3 ) ( ) ( 2)d g h b a p

gh
π+ + + Γ Γ − −

×  

 

4

0

4 2( 1)
4 ( 4)

2

p
r

r

b a r
p
r b a r p

+

=

 − + Γ  +   × − +    + + +    Γ − +      

∑  

    

12 (1 ) (2 ) (3 )

( )
2

p b a p a p a p
b acdgh a

+ − − + − + − +
+ ×

− Γ Γ 
 
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(6 ) ( 3) ( )
1

2

c d g h a p b
b a

π+ + + + Γ − − Γ
× ×

− + Γ 
 

 

6

0

6 2( 1)
6 ( 6)

2

p
r

r

b a r
p
r b a r p

+

=

 − + Γ  +   × − +    + + +    Γ − +      

∑  

  
12 (1 ) (2 ) (3 )

( )
2

p b a p a p a p
b acdgh a

+ − − + − + − +
+ ×

− Γ Γ 
 

 

       

(4 ) ( 4) ( )
1

2

a p a p b
b a

π− + Γ − − Γ
× ×

− + Γ 
 

 

8

0

8 2( 1) .
8 ( 8)

2

p
r

r

b a r
p
r b a r p

+

=

 − + Γ  +   × −    + + +    Γ − +      

∑

On simplifying further, we arrive at the result 
(4.5). 

CONCLUSION 

In our present investigation, we have given 
certain extensions and generalizations of 
Kümmer’s third summation Theorem (1.5)  in 
the form of [ ]3 2 1/ 2F , [ ]4 3 1/ 2F , [ ]5 4 1/ 2F  

and [ ]6 5 1/ 2F where some numerator and de-
nominator parameters differ by a positive in-
teger, as claimed in the above theorems. We 
conclude this paper with the remark that many 
other summation theorems can be derived in 
an analogous manner. Moreover, the results 
deduced above are expected to lead to some 
potential applications in several fields of ap-
plied mathematics, statistics, and engineering 
sciences. 
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Abstract: The aim of the study is to produce tomatoes seedlings with good characteris-
tics for summer and fall seedlings seasons in field nurseries by investigating three plant 
distances (10, 15, 20 cm), inaddition to scatteringand two levels of seed rate (100 and 
150% of the recommended rates).The experiment was carried out using completely ran-
dom plots using split plot designs in three replications, and the levels of each factor were 
randomly distributed within the plots withcultivation of two seedbeds. Planting tomato 
seedlings at a 20 cm distance can improve tomato seedlings' growth in open field nurse-
ries. Finally, more researches are needed to determine the optimal seed rates as well as 
planting distances in open field nurseries production under Al-Jabal Al-Khader condi-
tions. 

Keywords: 
Planting dis-
tances; 
Seed rates; 
Quality; 
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Density. 

 نتاج شتلات الطماطم عالیة الجودة في مشاتل الحقول المفتوحةإ
ـة  :  الكلمات المفتاحی

 مسافات الزراعة؛
 معدلات البذور؛

 الجودة؛
 الوزن الجاف؛

 .الكثافة

 

ـي  ستت المستخلص : هدف هذه الدراسة إنتاج شتلات طماطم ذات خصائص جیدة لموسمي الصیف والخریف ف
ومستویین فضلًا عن الزراعة بالنثر سم)  20، 15، 10تبار ثلاث مسافات نباتیة (خعن طریق ا ،الحقلیةالمشاتل 

ـوح. نُ  150و  100من البذور بمعدل   ـ٪ من المعدلات الموصى بها في المشتل المیداني المفت ـة  ف� ذت التجرب
 ةتشیر نتائج هذه الدراسو .ثلاث مكرراتة بباستخدام تصمیم القطع المنشق� ة،باستخدام القطاعات العشوائیة الكامل

ـول   سم یمكن أن یحسِّ 20إلى أن زراعة شتلات الطماطم على مسافة  ـاتل الحق ن نمو شتلات الطماطم في مش
 ـ ـت   ةالمفتوحة في المنطقة، علاوة على ذلك تشیر النتائج إلى أن معدلات البذور في مشاتل الحقول المفتوح لیس

ـذور   حاسمة لإنتاج شتلات الطماطم ف ـدلات الب ي المنطقة. أخیر�ا، هناك حاجة إلى مزید من البحوث لتحدید مع
 خضر.  مشاتل المفتوحة تحت ظروف منطقة الجبل الأالفي إنتاج  ةثلى ومسافات الزراعة المناسبالم�

 
INTRODUCTION 

Tomatoes (Solanumlycopersicum) have 
grown to be one of the world's most popular 
and extensively cultivated vegetable. In terms 
of total yearly world output, tomato ranks as 
one of the essential vegetables recognized by 
the Food and Agriculture Organization 
(FAO). Tomatoes are a very important vege-
table crop in terms of economics, and they 
are farmed in 175 nations (FAO, 2014).  

Between 2000 and 2019, the global produc-
tion of vegetables increased more quickly, 
rising by 65 percent. Tomatoes are the most 
abundant of the five major vegetable species, 
making up between 42 and 45 percent of the 
total over the time period, and tomatoes rep-
resented about 16 percent in 2019 (FAO, 
2021). China is the world's greatest tomato 
grower, with 52 million tons, then India, and 
United States is the third-largest producer, 

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.923&amp;domain=pdf&amp;date_stamp=2008-08-14
https://omu.edu.ly/journals/index.php/mjsc/index
https://doi.org/10.54172/mjsc.v37i4.923
mailto:fayrouz.buojaylah@omu.edu.ly
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.923&amp;domain=pdf&amp;date_stamp=2008-08-14
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.923&amp;domain=pdf&amp;date_stamp=2008-08-14
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then Egypt, with 18, 14, and 8 million tons, 
respectively (FAO, 2014). Government reve-
nue, smallholder farmers, and foreign ex-
change gains have all benefited from the hor-
ticultural sector of agriculture. Additionally, 
the sector contributes significantly to food 
security and is a critical supplier of raw mate-
rials for the industrial sector (Irungu, 2011). 

Development of profitable tomatoes is a huge 
difficulty challenge all over the world. Toma-
toes plants can be grown in the field directly 
through plug-mix sowing (Hayslip, 1974), or 
by transplanting (Hochmuth, 1988). Tomato 
seedlings have a better chance of surviving, 
establishing quicker, improving plant uni-
formity, and maturing sooner than immedi-
ately seeded plants (Weston & Zandstra, 
1989). Depending on the available planting 
space, operational simplicity, and adaptabil-
ity of the approach, seedlings may be raised 
in trays, beds, or seedboxes (Lin et al., 2015).  
However, even in new and modern trays, 
seedlings could root and branch into the tray, 
which leads to poor removal and extraction 
of the plug, in addition, it is difficult to keep 
the seed boxes or trays clean (Balliu et al., 
2017). Brower (1963) explained a functional 
balance between roots and shoots as connect-
ed growth, in which changes in shoot growth 
rate are reflected in the roots and inversely, 
therefore, to prevent these difficulties, it is 
preferable to grow tomato seedlings on beds 
in a field nursery rather than utilizing con-
tainers like seed-boxes or trays to produce 
seedlings. Properly grown transplants have an 
impact on vegetable output. Successful vege-
table cultivation depends heavily on healthy 
seedlings generated in an expert nursery, es-
pecially for transplanted crops like tomatoes 
(Lin et al., 2015). Transplants are considered 
good quality when they are free of disease 
and pest infections, have the potential to live 
in difficult settings after transplanting, have a 
good root system, and contain a leaf area 
without any visible problems (Weston & 
Zandstra, 1989).  Air humidity, CO2, culture 
techniques, light, Temperature, water availa-
bility, all of which are directly impacted by 

the density of seedlings, which is represented 
in the number of seeds, including the planting 
space between rows, where fragile and weak 
seedlings may emerge as a result of shading 
and then have an impact on the quality of 
transplants (Brazaitytė et al., 2010; Juknys et 
al., 2011; Lin et al., 2015; Paul & Metzger, 
2005).A vegetable nursery is a location or 
facility where immature vegetable seedlings 
are raised or handled until they are suitable 
for more permanent planting (Bharathi & 
Ravishankar, 2018; Hassan, 1991), demon-
strates that field nurseries must be in a pest-
free environment so that pests do not attack 
seedlings, which are then transported to the 
permanent field. To avoid any harm, insecti-
cides must be applied to the nursery site. Ac-
cording to the degree of levelness of the ter-
rain in the field, field nurseries are construct-
ed in the shape of beds with an area of 1 x 1, 
2 x 2, or 2 x 3 meters. Planting in lines is ide-
al, as long as the spacing between them is 15-
20 cm and the seeds are planted at a depth of 
1.5 to 2 cm. Although heavy soils are not ad-
vised for nurseries, they can be utilized if re-
quired by covering the seeds with a mixture 
of sand and gravel. In the other hand, to tack-
le the management issues that nursery farm-
ers encounter, further study is needed. 

Nurseries had received no training, and vari-
ous technical issues were discovered, affect-
ing their profitability as well as the quality of 
seedlings delivered to farmers. Because the 
majority of crop varieties were open-
pollinated, farmers used to generate their own 
seedlings for transplanting at a reduced cost. 
To boost output, most commercial farmers 
are turning to intensive vegetable growing 
with high-yielding F1 hybrids. Because these 
hybrid seeds are so expensive, it's critical to 
turn each seed into a healthy seedling, which 
necessitates meticulous nursery care. In most 
progressing nations, vegetable seedling pro-
duction is done by specialist farmers or com-
panies (Bharathi & Ravishankar, 2018). 

Seeding rate and plant density, based to 
(Yucel, 2013), are major factors impacting 
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vegetable crop output and quality. Increased 
sowing rates, according to the same scientist, 
may improve agricultural competitiveness. 
Crop profitability, on the other hand, may or 
may not improve as a result of the high seed 
cost. However, there were no significant im-
pacts of plant densities on pea plant height 
and other examined attributes, according to 
(Barary et al., 1996; Ibrahim et al., 2019). In 
Agadir, Morocco, a study was conducted 
where three separate plant densities of two 
processing tomato varieties (Heinz 1370 and 
Rio Grande) were examined over two seasons 
in sandy loam soil (Elattir, 2002). The spac-
ing separated between single seed lines and 
between seed line clusters were 1.3 meters 
and 0.25 meters, respectively. Seedlings were 
reduced to one, two, or three plants per clump 
at the second true-leaf phase, resulting in 
plant densities of 30400, 60800, and 91200 
plants.ha-1, correspondingly. With increasing 
plant density, the number of clusters per m2 
grew dramatically, with no differences across 
varieties. The maximum plant density en-
hanced yield by 40% as compared to the con-
trol (30400 plants. ha-1), with no significant 
variation across cultivars. Under high plant 
density, the Rio Grande variety produced a 
significant early yield. When the plant densi-
ty rose, the average fruit weight fell. Re-
searches are currently intended to familiarize 
tomato producers with effective nursery man-
agement procedures for developing healthy 
tomato seedlings and to encourage the use of 
healthy seedling preparation strategies to im-
prove tomato yields. So, the aim of this study 
is to produce tomatoes seedlings with good 
characteristics for summer and fall seedlings 
seasons in field nurseries by investigating 
three plant distances and two levels of seed 
rate in the field nursery at Omar Al-Mukhtar 
University, Al-Jabal Al-Khader, Libya. 

MATERIALS AND METHODS 

The study was conducted at the farm of the 
Department of Horticulture, Faculty of Agri-
culture, Omar Al-Mukhtar University, Al-
Jabal Al-Khaderin 2016 to investigate the 

impact of seeding rates and planting distances 
and the interaction between them on germina-
tion, vegetative growth and quality of tomato 
cv. Rio Grande (Syngenta , Cairo, Egypt) 
seedlings. Two seed rates of 100 and 150% of 
the recommended rates were used as well as 
three planting distances (10, 15, 20 cm) be-
tween the lines in addition to the scattering 
treatment. The nursery site soil characteris-
tics display in Table 1.  

Table: (1). Soil characteristics and properties. 

Measurements 

Particle Size distri-
bution 

Sand (%) 14.25 
Silt (%) 51.15 
Clay (%) 34.6 

Organic Matter (%) 2.3 
E.C  (Mmhos/ cm) 1.36 
Total Nitrogen    (%) 0.21 
Soil pH 7.87 
CO3

- -% 1.35 
P ppm 115 

Data collected at the region of the Department of Horticulture, 
Faculty of Agriculture, Omar Al-Mukhtar University 

Experimental Design: The experiment was 
carried out using completely random plots 
using split plot designs in three replications, 
where the main plots were assigned to the 
two seed rates (100 and 150% of the recom-
mended rates), and the sub-plots to the coef-
ficients of planting distances (10, 15, 20 cm) 
and addition to scattering. The levels of each 
factor were randomly distributed within the 
plots with cultivation of two seedbeds, so that 
each replicate included 8 factorial treatments 
(2 seeding rate * 4 planting distances). 

Fieldwork: 3 beds with dimensions of 4x 1m 
are well-equipped, and the weight of the 
seeds needed for planting in 1 m was pre-
pared and calculated, as well as the weight of 
the seeds needed for planting per square me-
ter. Beds were planned according to the stud-
ied planting distances and were distributed 
randomly within the experimental units. 
Three lines were planted in each experi-
mental unit, and after irrigation, the beds 
were covered with plastic strips until germi-
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nation was complete. The service operations 
were carried out by irrigation and purification 
of weeds. The seedlings were also fertilized 
by spraying with urea solution (150 mg 
N/L).After 45 days of planting, samples were 
taken (5 seedlings always from the middle 
line). 

Studied Traits: The response of the seed-
lings to the effect of the treatments under 
study was estimated on 5 seedlings that were 
randomly selected from the middle line of 
each treatment in the three replicates, then 
the following measurements were recorded as 
an average of five representatives: Fresh and 
dry weight for seedlings, leaves and stems, 
number of days for germination, number of 
leaves/ plant, seedlings height, and chloro-
phyll content. Total chlorophyll content of 
leaves (100 mg) was determined by extract-
ing chlorophyll by acetone (80%) and quanti-
fied by absorption spectrometry using a 
tomographic analyzer at wavelengths (645, 
653, 666) nm (Laval-Martin, 1979). 

Data Analysis: JMP was used to examine all 
of the data (Version 11.0 for Windows; SAS 
Institute, Cary, NC). In all cases, Levene's 
test was used to determine homogeneity of 
variances, and the Shapiro-Wilk test was 
used to confirm normality (W> 0.80). By 
employing square root or log transformations, 
certain data were changed before analysis to 
fulfill the requirements of normality and 
equality of variance. The LSMeans Student's 
test was used to compare treatment means at 
0.05. 

RESULTS AND DISCUSSION 

Fresh and dry weight of seedlings, leaves, 
and stems were not significantly affected by 
seed rates (100 and 150% of the recommend-
ed rates) investigated in this experiment (Ta-
ble 2).The dry matter weight of seedlings was 
significantly higher for the scattering treat-

ment than the other planting distances inves-
tigated in the current study. This outcome 
might have been caused by the enhanced 
seedling growth at the other broadening 
planting distances, which had relatively easy 
access to environmental resources such as 
water, light and essential minerals than those 
in a scattering population. This, in turn, prob-
ably led to higher water content and a lower 
accumulation of dry matter and may have 
been the cause of the observed results. From 
another angle, this finding can be supported 
by the hypothesis of dilution (Greenwood et 
al., 1990), where increasing planting spacing, 
resulted in higher water content and lower 
dry matter accumulation. 

Number of days for germination was affected 
by seed rates as well as planting distances 
examined in the current study, where the 
treatment of scattering differed from the rest 
of the other treatments, as it achieved the 
least number of days for germination, as well 
as with 150% of the recommended rates 
(Figure 1). where the crowding of the seeds 
with each other in the scattering treatment 
enhances their cooperation with each other in 
raising the soil cover and increasing the 
speed of their germination more than the 
seeds that are less crowded in the other stud-
ied treatments, likewise, number of seeds can 
show considerable variation within germina-
tion, since increasing the number of seeds is 
often associated with the highest survival. 
This finding concurred with that of (Elattir, 
2002) in which under high plant density, the 
Rio Grande variety produced a significant 
early yield, in other words, the maximum 
plant density enhanced yield by 40% as com-
pared to the control, and thus, this finding 
may be an important consideration for devel-
oping a management plan and addressing the 
early tomato production issues at Al-Jabal 
Al-Khader area.  

 

Table(:2).Mean fresh and dry weight for the tomato seedlings cv. Rio Grande, leaves and stems, under different 
seed rates and different planting distances were used as well as the scattering treatment. 
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Seedling Weightz 
Weight (g) Seed ratey scattering  10 cm 15 cm  20 cm average 

Fresh  
First rate 1.30 ax 1.32 a 1.02 a 0.96 b 1.04 A 
Second rate 1.00 a 1.04 a 1.10 a 1.09 a 1.06 A 
Average 1.15 A  1.18 A 1.06 A 1.03 A NA 

Dry 
First rate 0.30 a 0.25 a 0.29 ab 0.19 b 0.25 A 
Second rate 0.35 a 0.29 ab 0.25 ab 0.31 a 0.30 A 
Average 0.33 A 0.27 B 0.27 B 0.25 AB NA 

LEAVES 

 
Seed rate scattering  10 cm 15 cm  20 cm average 

Fresh  
First rate 0.74 a 0.77 a 0.68 a 0.91 a 0.77 A 
Second rate 0.92 a 0.54 b 0.86 a 0.54 b 0.72 A 
Average 0.83 A 0.65 B 0.76 A 0.72 A NA 

Dry 
First rate 0.24 a 0.17 ab 0.25 a 0.26 a 0.23 A 
Second rate 0.25 a 0.26 a 0.14 b 0.23 a 0.22 A 
Average 7.10 A 0.23 A 0.20 A 0.25 A NA 

STEM 

 
Seed rate scattering  10 cm 15 cm  20 cm average 

Fresh  
First rate 0.47 a 0.46 b 0.47 a 0.32 ab 0.33 A 
Second rate 0.32 ab 0.34 ab 0.18 b 0.19 ab 0.25A 
Average 0.40 A 0.20 B 0.33 A 0.26 AB NA 

Dry 
First rate 0.20 a 0.14 b 0.10 b 0.11 b 0.14 A 
Second rate 0.10 b 0.10 b 0.12 b 0.14 b 0.12 A 
Average 0.16 A 0.12 A 0.11 A 0.12 A NA 

zAll data were subjected to analysis of variance using ANOVA in JMP (version 11.0 for Windows; SAS Institute, Cary, NC). 
ySeed rates are100% (First rate) and 150% (Second rate) of the recommended rates were used as well as three planting distances (10, 15, 20 
cm) between the lines in addition to the scattering treatment (control). 
xMeans followed by the same letter within sampling date are not significantly different at P<0.05. 

The main factor seed rates evaluated in this 
experiment had no significant effect on the 
total number of leaves per seedling (Fig-
ure2). However, it tended to be significantly 
different due to the planting distances tested 
in the current experiment, wherewith the 20 
cm planting distance the total number of 
leaves per seedling was greater than the 
other distances investigated in this study. 
The greater number of leaves per seedling 
with 20 cm planting distance evaluated in 
the current experiment is likely owing to the 
plants in a wider spacing having easier ac-
cess to environmental resources included 
water, light, and nutrients than those in a 
denser population (Berhane et al., 2016). 
There was no significant difference between 
seed rates as well  

as planting distances tested in this research 
for seedlings height (cm) (Figure 3). 

 

Figure: (1). Number of days for germination tomato 
seedlings cv. Rio Grande under different seed rates 
and different planting distances were used as well as 
the scattering treatment. 
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Figure: (2). Number of leaves per plant for tomato 
seedlings cv. Rio Grandeunder different seed rates 
and different planting distances were used as well as 
the scattering treatment. 

 

Figure: (3). Plant height for tomato seedlings cv. 
Rio Grande under different seed rates and different 
planting distances were used as well as the scatter-
ing treatment. 

This finding is similar to (Barary et al., 
1996; Ibrahim et al., 2019) that found there 
were no significant impacts of plant densi-
ties on pea plant height and other examined 
attributes. Chlorophyll content for tomato 
seedlings examined in this experiment was 
not significantly affected by seed rate 
treatment, but it was higher for 20 cm plant-
ing distance as compared to the other plant-
ing distances investigated in the current 
study (Figure 4). As previously explained is 
likely owing to the plants in a wider spacing 
having easier access to environmental and 
natural resources such as water, light, and 
nutrients than those with more population 

density (Berhane et al., 2016), suggesting 
that chlorophyll content analysis is a sensi-
tive indicator of plant nutrient status, and 
maybe a useful and efficient tool to evaluate 
tomato seedlings nutrients status. 
 

 

Figure: (4). Chlorophyll content for tomato seed-
lings cv. Rio Grandeunder different seed rates and 
different planting distances were used as well as the 
scattering treatment. 

CONCLUSION 

This result suggests that planting tomato 
seedlings at a 20 cm distance can improve 
tomato seedlings' growth in open field 
nurseries in the region by enhancing access 
to natural and environmental supplies in-
cluding water, sunshine, and nutrition. This 
finding may be an important consideration 
for developing an annual management plan 
and addressing long-term issues for tomato 
seedlings production in open nurseries in 
Al-Jabal Al-Khader area. Further, results 
from the present study indicate that the seed 
rates in an open field nursery are not critical 
for tomato seedlings production in the re-
gion. As tomato is commonly grown in the 
whole world, and demand for tomato seed-
lings is increasing each year in Libya, more 
research is needed to determine the optimal 
seed rates as well as planting distances in 
open field nurseries production under Al-
Jabal Al-Khader conditions. 
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Abstract: Food safety is a big challenge that concern all human communities and food 
production factories. The information on the bacterial evaluations of fresh natural juices 
in the city of Benghazi remained very limited and unclear. This study was carried out to 
evaluate the bacterial contamination for two of the most popular selling freshly made 
juices, including mango and strawberry juices. The results of screening showed bacterial 
growth in 117 (91.41%) out of the total samples 128. The evaluation during the second 
season showed a higher bacterial growth rate of 96.55 %. The most predominant bacteria 
contaminating the targeted juices was Klebsiella pneumoniae, with an average of 
(36.21%), followed by fecal Escherichia coli (31.03%) for both juices. All the contami-
nated juices represented bacteria count out of the accepted value. Gram-negative patho-
gens showed resistance to limited antibiotics, including Amoxicillin, Amikacin, and 
Clarithromycin, whereas the Gram-positive bacteria showed higher resistance rates. This 
study concluded that, increase in bacterial diversity and bacterial count out of the ac-
cepted standard as well as the presence of fecal E. coli indicating a poor level of hygiene 
during the process of preparing juices, leading to the possibility of causing diseases and 
exposing people to food poisoning. 

Keywords: 
 Food safety; 
Fresh juice con-
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 التقییم البكتیري للعصائر الطبیعیة الطازجة المباعة في مقاهي ومطاعم مدینة بنغازي، لیبیا
 : الكلمات المفتاحیة

 الامن الغذائي
ـائر   ـ ـوث العص ـ تل

 الطبیعیة
ـا  ـ  E. coliبكتیری

 البرازیة
 التعداد المیكروبي  

 

مجتمعات البشریة ومصانع تعتبر سلامة الغذاء من التحدیات الكبیرة التي تشغل بال كل ال المستخلص:
إنتاج الغذاء بشكل مستمر. ظلت المعلومات الخاصة بالتقییمات البكتیریة للعصائر الطبیعیة الطازجة في 
مدینة بنغازي محدودة للغایة وغیر واضحة. أجریت هذه الدراسة لتقییم التلوث البكتیري لاثنین من أكثر 

والفراولة. أظهرت نتائج الفحص نمو بكتیري في  العصائر الطازجة متضمنة كلا من عصائر المانجو
. أظهر التقییم خلال الموسم الثاني معدل نمو بكتیري أعلى 128٪) من مجموع العینات 91.41( 117
بمتوسط  Klebsiella pneumoniae٪. كانت البكتیریا الأكثر انتشارا هي بكتیریا 96.55بلغ 

٪) لكلا نوعي العصائر. أظهرت النتائج 31.03برازیة (ال Escherichia coli٪)، تلیها بكتریا 36.21(
أن جمیع العصائر الملوثة بالبكتیریا هي خارج قیمة التعداد المیكروبي المقبول. أظهرت نتائج اختبار 
حساسیة المضادات الحیویة أن البكتیریا سالبة الجرام مقاومة للمضادات الحیویة المحدودة، تتضمن كلا 

، بینما أظهرت البكتیریا موجبة الجرام معدلات Amoxicillin، Amikacin، Clarithromycinمن 
مقاومة أعلى. وخلصت هذه الدراسة إلى أن زیادة التنوع البكتیري والعدد البكتیري هو خارج عن 

البرازیة مما یشیر إلى ضعف مستوى النظافة أثناء عملیة  E. coliالمعیار المقبول وكذلك وجود بكتیریا 
 صائر مما یؤدي إلى إمكانیة التسبب في الأمراض وتعریض الناس للتسمم الغذائي.تحضیر الع

 

INTRODUCTION 

Food safety is an important issue alarmingly 
concerned by all human communities and food  

 
production factories. Lack of the food hygiene 
and food sanitary quality direct of these prod-
ucts to be contaminated with several pathogen-
ic bacteria leading to risk of foodborne illness 
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(Gizaw, 2019; Ncama et al., 2021). Natural 
juices are among the food products that people 
drink a lot specially during the summer, as 
they are refreshing and rich in nutrients, how-
ever they are exposed to many pollutants, es-
pecially microbial contamination during the 
preparation process. Many of people working 
in the field of juices preparation do not have 
enough knowledge on the food safety and 
some do not follow the safety roles to avoid 
potentially severe health hazards, therefore the 
possibility of microbial contamination is very 
likely to occur (Ho et al., 2020; Ruxton et al., 
2021). Several pathogenic bacteria are more 
frequent that combined with the juice contam-
ination including Escherichia coli, Staphylo-
coccus aureus, Cryptosporidium, Listeria 
monocytogenes, Campylobacter jejuni, Bacil-
lus cereus, Salmonella sp. and Acinetobacter 
sp. (Callejón et al., 2015; Hossen et al., 2020; 
Kader et al., 2014; Reddy et al., 2009; 
Tambekar et al., 2009).  

The information on the microbial evaluations 
of fresh natural juices in the City of Benghazi 
are remained very limited and unclear. This 
project was carried out to evaluate the bacteri-
al contamination into two of the most popular 
selling of freshly made juices including mango 
juice and strawberry juice in order to encour-
age people to spread awareness on food safety 
management and ways to combat foodborne 
illness.  

MATERIALS AND METHODS 
Study area and samples collection: The 
study was performed to evaluate the bacterial 
contamination of natural juices sold in the city 
of Benghazi. The samples collection targeted 
the most popular sale points including local 
fresh juice shops, cafes and restaurants and for 
the most popular sale products including man-
go and strawberry juices. In order to make sure 
the study cover the whole city areas, the col-
lection of samples was designed to be includ-
ing North, South, East, and the City Center 
within two seasons of collection. The investi-
gation was carried out for 128 of fresh fruit 

juice samples served into plastic containers 
collected within two seasons as 64 sample of 
each. Within each season the microbial isola-
tions were applied for 32 strawberry juice and 
32 mango juice samples. After each collection, 
the samples were preserved into cold condi-
tions and immediately transported to the la-
boratory for microbiological investigation. 

Samples processing and culture conditions: 
In order to perform initial isolation and screen-
ing for bacterial contamination, all the fruit 
samples were first homogenized and under 
aseptic conditions one milliliter from each 
sample was introduced on Nutrient agar plate 
and MacConkey agar the plates were then in-
cubated aerobically at 37 °C for overnight. 
Next day, all the plated were checked for bac-
terial growth and determine the diversity of 
bacterial types that involved the contamina-
tion. The bacterial cultures that showed more 
than one type of bacteria were processed for 
sub-culture step in order to obtain pure micro-
bial cultures. All the well-isolated bacteria 
were preserved refrigerated at 4 °C using a 
slant Nutrient agar tubes prior bacterial identi-
fication and their susceptibility to the antibiot-
ics. 

Determination of the bacterial load and the 
most probable number that contaminate the 
juice samples: Serial dilutions using a sterile 
normal saline were made from each type of 
juice to make appropriate juice dilution con-
centrations of (10-1 up to 10-3), one milliliter 
from each dilution was introduced and spread 
on Nutrient agar plate, the plates were then in-
cubated aerobically at 37 °C for overnight. 
Next day, all the plated were checked to de-
termine the bacterial colony forming unite 
(cfu/ml) according to the following formula: 
Number of bacteria colonies in the original 
sample = Number of colonies counted x 1/df x 
V (ml). Where: df, Dilution factor; V, Volume 
in ml and compared with the standard bacterial 
count (Asghar et al., 2018). For the MPN 
method, the analysis was performed in three 
steps including presumptive test, confirmatory 
test and completed test. 
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Identification of the isolated bacteria: After 
bacterial purification, the bacterial cultures 
were directed for morphological characteriza-
tion including colonies differences on the agar 
plates such as shape, size and color of the col-
onies, lactose fermentation, and blood hemoly-
sis, followed by microscopic morphology ex-
amination to investigate the differences be-
tween bacterial cells by using Gram staining 
techniques. Further assessments were used for 
bacterial identification including several tradi-
tional biochemical tests by using lactose fer-
mentation, glucose fermentation, sucrose fer-
mentation, gas production and using different 
culture media including MacConkey agar, 
Blood agar, Eosin methylene blue agar 
(EMB), Lactose Broth, Selenite Broth, Salmo-
nella Shigella agar (SS), Triple sugar iron agar 
(TSI), Simmon`s citrate agar, Urease agar, 
DNase agar and Mannitol salt agar (MSA).  

Some enzymatic chemical test also used to de-
termine and differences between microbes in-
cluding oxidase test, catalase test, and coagu-
late test. In order to investigate presence of fe-
cal coliform, the samples that showed presence 
of E. coli growth were checked for positivity 
to the gas production and then incubated at 
44.5 °C for 24–48 hrs. For conformation of the 
bacterial identification, Automated Phoenix 
100 System for bacterial identification was 
used. 

Antibiotic susceptibility testing of the bacte-
ria contaminating fresh juices: All the iden-
tified bacteria tested for their sensitivity to the 
antibiotics in order to determine the antibio-
gram profile that contributing the multidrug 
resistant pathogens. This test was performed 
using the Kirby–Bauer disc diffusion method 
using Muller Hinton agar (MHA) plates as de-
scribed by Clinical and Laboratory Standards 
Institute (CLSI, 2006) as follow: a bacterial 
suspension was prepared according to the 0.5 
McFarland standard using a sterile normal sa-
line and the turbidity was adjusted such that it 
contained approximately 1×106 cfu/ml.  

The prepared bacterial suspension was 
smeared onto the Muller Hinton agar (MHA) 
plates using a sterile cotton swab followed by 
selection of known concentration of antibiotic-
disks purchased from (Oxoid) including Ami-
kacin (5 µg), Amoxicillin (10 µg), Cefixime (5 
µg), Cefuroxime (30 µg), Cephalexin (30 µg), 
Ciprofloxacin (5 µg), Clarithromycin (15 µg), 
Doxycycline (30 µg), Imipenem (10 µg), Oxa-
cillin (1 µg) and Sulfamethoxazole-
Trimethoprim (25 µg) were placed onto the 
plates, after that the plates were incubated aer-
obically at 37 °C for overnight. Next day, the 
effect of the antibiotics was evaluated as a 
clear inhibition zone formed arrowed the anti-
biotic discs measured in millimeter of diame-
ter. 

RESULTS 
The assessment was carried out according to 
increase the sources and the risk factors that 
represent a possible source of contamination 
with bacterial pathogens leading to health 
problems. The bacterial screening results for 
strawberry and mango juices showed that 117 
(91.41%) of the total samples were contami-
nated with bacteria, the Gram-negative bacte-
ria were representing the most predominant 
110 (94%) out of 117 selected isolates.  

The distribution of isolated bacteria according 
to the season and time of isolation was show-
ing microbial growth at first isolation 58 
(90.62%) out of 64 samples and 56 (96.55%) 
out of the 58 samples, were showing Gram-
negative bacteria. During the second season, 
the results of bacterial screening showed 59 
(92.19%) out of 64 samples were contaminat-
ed with bacteria, as well as 54(91.53%) of the 
isolated pathogens were classified belong to 
Gram-negative bacteria, figure (1). 

Frequency of bacterial contamination ac-
cording to the area: In order to cover the 
whole study area, the samples were collected 
from the four geographic areas of the City of 
Benghazi, including North, South, East and 
city Center. Within each geographic area, four 
targeted collection areas were included. From 
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each collection area, four collection points 
were targeted. From each collection point, two 
samples were collected during the two sea-
sons.  

The results showed high bacterial growth into 
the four geographic areas. For the North area, 
the bacterial growth was into 93.75% and 
100% of the samples during the first and se-
cond seasons respectively. For the South area, 
the bacterial growth was into 93.75% and 
81.25% of the samples during the first and se-
cond seasons respectively. For the East area, 
the bacterial growth was into 100% and 
87.50% of the samples during the first and se-
cond seasons respectively. For the City Center 
area, the bacterial growth was into 87.50% of 
the samples for both the first and the second 
seasons, table (1). 

Figure (1): Shows the general bacterial investigation 
during the two seasons of collection representing total 
bacterial growth. 

Diversity of the bacterial pathogens associ-
ated with the four studied areas: In order to 
determine the most predominant microbial 
contaminant in each geographic studied area, 
the isolated bacteria were assessed for identifi-
cation, the results showed that Klebsiella 
pneumoniae represented the most predominant 
pathogen among all species, where it isolated 
from 42 (35.89%) juice sample, followed by 
fecal E. coli 36 (30.76 %), Pseudomonas ae-
ruginosa 15 (12.82 %), E. coli 9 (7.69 %), En-
terobacter aerogenes 8 (6.84 %), Staphylococ-
cus aureus 5 (4.27 %) and Staphylococcus 
schleiferi  2 (1.71%).  

The distribution of the isolated bacteria ac-
cording to the geographical area separately 
showed that, in the North area, the most fre-
quent isolated contaminant was fecal E. coli 
12 (37.50%) followed by K. pneumoniae 8 
(25%).  In the South area, P. aeruginosa 10 
(31.25 %) represented the most frequent bacte-
ria followed by K. pneumoniae 9 (28.13%). In 
the East area, the most frequent isolated con-
taminant was fecal E. coli 12 (37.50%) fol-
lowed by K. pneumoniae 9 (28.13%). In the 
City Center area, the most frequent isolated 
contaminant was K. pneumoniae 16 (50%) fol-
lowed by fecal E. coli 6 (18.75%), table (2). 

Distribution of bacterial species according 
to the types of juices: The results showed the 
contamination with K. pneumoniae represent-
ed the most predominant microbe contaminat-
ing the mango juice 23 (54.76%) and 19 
(45.24%) for strawberry juice. The juice con-
tamination with fecal E. coli showed 22 
(61.11%) isolates into the mango juice and 14 
(38.89%) isolates for the strawberry juice. The 
juice contamination with P. aeruginosa 
showed 8 (53.33%) for the strawberry juice 
and 7 (46.67%) mango juice. The results also 
showed the both juices have contaminated 
with some other different microorganisms at 
low rate of bacterial percentage as shown in 
the figure (2). 

 
 
Figure (2): Distribution of the bacterial species accord-
ing to the types of juices 
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Direct measurement of microbial growth 
through determination of most probable 
number: In order to investigate the most 
probable number for the bacteria that contrib-
uting the bacterial infection risk factor, a direct 
measurement of bacterial count on plate agar 
was performed through serial dilutions were 
made from the two type of juices; the results 
of growth were compared with the standard 
bacterial count chart provided by the recom-
mended Gulf standard(11) that instructed the 
mean total viable count (microbial load) 
should be in all the freshly prepared fruit juic-
es in the range of 0.1x102 to 1.48x103 cfu/ml, 
where the results showed that, P. aeruginosa 
revealed the highest rate of bacterial average 
count of 1.484x103 cfu/ml, followed by fecal 
E. coli that showed average of count of 
1.228x103 cfu/ml, K. pneumoniae with an av-
erage of count 9.70x102 cfu/ml, E. aerogenes 
showed 5.74x102 cfu/ml, E. coli showed 
2.7x102 cfu/ml, and the contamination with S. 
aureus and S. schleiferi showed low bacterial 
count of 0.7x102 cfu/ml and 0.1x102 cfu/ml, 
figure (3). 

 
Figure (3): Bacterial counts (cfu/ml) into the both fresh 
juices 
 
Antibiotic susceptibility testing of the bacte-
ria contaminating fresh juices: Antibiotic 
susceptibility testing was performed according 
to the Kirby Power disc diffusion method. The 
results showed that, fecal E. coli demonstrated 

complete resistance to antibiotic Clarithromy-
cin (100%), whereas it was less resistant to 
Sulfamethoxazole-Trimethoprim (3.85%) and 
sensitive to the rest of tested antibiotics includ-
ing Ciprofloxacin, Imipenem and Oxacillin, 
Cefixime and Doxycycline and Cefuroxime 
(100%), whereas Sulfamethoxazole -
trimethoprim (96.15%), followed by Amikacin 
(84.6%) and Amoxicillin, Cephalexin (76.9%). 
E. coli and E. aerogenes showed resistance to 
Clarithromycin and Amoxicillin (100%); alone 
E. coli recorded a partial resistant to Amikacin 
(89%), whereas E. aerogenes showed a com-
plete resistance to the same antibiotic (100%). 
In contrast, the two isolates showed sensitivity 
to rest of antibiotics including Ciprofloxacin, 
Imipenem and Oxacillin, Cefixime and 
Doxycycline, Sulfamethoxazole-trimethoprim 
Cefuroxime and Cephalexin with percentage 
of sensitivity reached to (100%). K. pneu-
moniae showed resistance to Clarithromycin 
and Amoxicillin, Sulfamethoxazole - trime-
thoprim (95%), however, the isolate showed 
sensitivity to rest antibiotics including Ciprof-
loxacin, Cefixime, Doxycycline, Cefuroxime, 
and Cephalexin (100%), Amikacin (95%), 
Imipenem and Oxacillin (90%). P. aeruginosa 
has recorded resistance to Imipenem, Amika-
cin and Amoxicillin (100%). In contrast, it 
showed sensitivity to rest tested antibiotics in-
cluding Ciprofloxacin, Cefixime and Doxycy-
cline, Clarithromycin, Cefuroxime, and 
Cephalexin, Sulfamethoxazole trimethoprim 
(100%). Staphylococcus schleiferi showed re-
sistance to Ciprofloxacin and Clarithromycin, 
Amikacin, Amoxicillin, Oxacillin, Cefixime 
and Cephalexin (100%), however, the contam-
inant showed a partial sensitivity to Sulfa-
methoxazole -trimethoprim and Imipenem 
(50%) and complete sensitive to the other test-
ed antibiotics including Doxycycline, Cefurox-
ime (100%). Staphylococcus aureus showed 
full resistance to the most tested antibiotics 
(100%) with the exception of Imipenem and 
Sulfamethoxazole-trimethoprim, Doxycycline, 
Cefuroxime showed (50%) of resistance, table 
(3). 
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DISCUSSION 
 

Drinking fresh juices are popular with people 
all times especially in summer. We often find 
juice street sellers. People drink these types of 
juices that overlook microbiology as well as 
the health standard, therefore high load of dis-
tributors and lack of hygienic practicing, so 
people often get sick. In this study, two main 
types of juice are used from different area in 
the city of Benghazi. Most juice samples 
showed high level of bacterial contamination. 
The resources of the contamination may be 
due to contaminated water or the use of ice to 
dilute juices. 

It could be because contamination by unsteri-
lized container, place, air, and preparing bare, 
hands. Microorganisms can spoil or decom-
pose fruits through damaged surfaces, such as 
holes, cuts and cracks that occur during 
growth or harvesting (Mahale et al., 2008). 
Contamination from raw materials and equip-
ment, additional processing conditions, im-
proper handling, and the spread of unsanitary 
conditions contribute significantly to the entry 
of bacterial pathogens into juices prepared 
from these fruits (Nicolas et al., 2007; Ogodo 
et al., 2016; Oliveira et al., 2006).This study 
has revealed that, the most predominant mi-
crobes that contaminated the studied juices 
were K. pneumoniae and fecal E. coli, accord-
ing to another study performed by (Fatema et 
al., 2016)on the microbiological quality as-
sessment of hand-made juice in Dhaka City 
Street, where they also found that E. coli and 
K. pneumoniae have represented the most fre-
quent isolated pathogens. A similar study was 
performed by (Berhanu et al., 2020) on the 
microbial quality spectrum of fresh and pack-
aged fruit juices (pineapple and mango) Juices 
sold in supermarkets and cafes in Gondar city, 
Northwest Ethiopia, they have showed that the  

bacteria that were the source of juice contami-
nation were included Salmonella sp., Shigella 
sp., E. coli, Pseudomonas sp., Klebsiella sp. 
and S. aureus; whereas (Wedajo & Kadire, 
2019) found less frequent bacterial diversity, 

the juice contamination included just of Sal-
monella sp., E. coli, and S. aureus. Plate count 
technique was performed in order to determine 
the most probable number (MPN) and to esti-
mate the actual bacterial count (cfu/ml) into 
the testes juices as a food poisoning risk factor 
probability. According to the standard juice 
microbial quality, the contamination with fecal 
E. coli was max higher than exceeded limit 
(0cfu/ 10 ml and 100 ml) of sample, our re-
sults showed average contamination of fecal E. 
coli 1.23x105 cfu/ 100 ml of juice, E. coli 
3.7x104 cfu/ 100 ml, E. aerogenes 5.74x104 

cfu/ 100 ml, K. pneumoniae 9.70x104 cfu/100 
ml. The contamination with Staphylococcus 
sp. was within the acceptable bacterial limita-
tion count (less than 5x103cfu/10 ml) compare 
to the Recommended Gulf Standard. Other 
similar results obtained by (Reddy et al., 
2009), they have shown in the first bacterial 
isolation from fresh juices a level of bacterial 
contamination higher than our results even to 
the acceptable bacterial count, where the coli-
forms count reached to 1.4x105 cfu/ 100 ml. In 
contrast, (Babiye, 2017) performed another 
study demonstrated that, the studied fresh 
mango and avocado juice samples were con-
taminated with 150 and 120 coliforms per 100 
ml, this is still within the unacceptable bacteri-
al count and probably this conflict with the 
level of hygiene safety during the juice prepa-
ration. (Reda et al., 2017) reported that the 
presence of thermotolerant fecal coliform can 
be attributed to fecal contamination of the wa-
ter used to wash utensils, fruits, or transferred 
directly from the vendors, as well as the envi-
ronment in which the juice is prepared, and 
leaving food at room temperature, at this case 
of these juices, and these can multiply to reach 
high concentrations, (Andrés et al., 2004) no-
ticed that presence of coliform in fruit juice is 
not permitted by safe food consumption stand-
ard. This result is also in agreement with some 
other research works performed by (Ahmed et 
al., 2010; Mahale et al., 2008), where they 
showed the studied fruit juices were heavily 
contaminated by E. coli. A few reports have 
shown the prevalence of staphylococci in fruit 
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juice samples (Ahmed et al., 2010; Tambekar 
et al., 2009) about our study, staphylococci we 
isolated seven samples. Consequently con-
firmed the presence of E. coli and Salmonella 
sp. (Koneman & Allen, 2008) indicative of re-
cent fecal contamination and unsanitary pro-
cessing (Maturin & Peeler, 2001). An im-
portant task of the diagnostic microbiology is 
the performance of antimicrobial susceptibility 
testing in order to detect of the significant bac-
terial isolates that accumulate to the drug re-
sistance pattern.  

The results of the antimicrobial susceptibility 
tests revealed that all the Gram-negative path-
ogens were resistant to Clarithromycin, Amox-
icillin, and Amikacin. For Gram Staphylococ-
cus spp. showed the high rate of resistance to 
Ciprofloxacin, Clarithromycin, Amikacin, 
Amoxicillin, Oxacillin, Cefixime, and 
Cephalexin. (Uddin et al., 2017) in report on 
microbial safety of fruit juices, results from 
antibiogram test of the isolated microorgan-
isms were Klebsiella sp. found to be less sensi-
tive against Sulfamethoxazole -trimethoprim 
and Ciprofloxacin having 10% and 22% sensi-
tivity, respectively whereas highest suscepti-
bility was found against Nalidixic acid that 
was 90%. Most potent fecal coliform, E. coli 
showed moderate level of sensitivity against 
Sulfamethoxazole trimethoprim (55%). Addi-
tionally, Ampicillin was found to be less effec-
tive against E. coli as it showed about 95% re-
sistance against it. Pathogenic Staphylococcus 
sp. showed highest resistance against 
Netilmicin (90%) followed by Ampicillin 
(84%). Antibiotic sensitivity of K. pneumoniae 
and S. aureus were found against Ciprofloxa-
cin, Imipenem, gentamicin, levofloxacin with 
the exception of Amoxicillin (Sultana et al., 
2019). 
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Table (1): Frequency of bacterial growth according to the areas 

Geo-
graphic 
areas 

Areas 
of col-
lection 

Frist isolation Second isolation 
Growth No Growth Growth No Growth 

No. of collection 
points 

% of 
growth 

No. of collection 
points 

% of no 
growth 

No. of collection 
points 

% of 
growth 

No. of collection 
points 

% of no 
growth 

North 

N1 4 100 0 0 4 100 0 0 
N2 4 100 0 0 4 100 0 0 
N3 3 75 1 25 4 100 0 0 
N4 4 100 0 0 4 100 0 0 

Total 4 15 93.75 1 6.25 16 100 0 0 

South 

S1 3 75 1 25 4 100 0 0 
S2 4 100 0 0 1 25 3 75 
S3 4 100 0 0 4 100 0 0 
S4 4 100 0 0 4 100 0 0 

Total 4 15 93.75 1 6.25 13 81.25 3 18.75 

East 

E1 4 100 0 0 4 100 0 0 
E2 4 100 0 0 4 100 0 0 
E3 3 75 1 25 4 100 0 0 
E4 3 75 1 25 4 100 0 0 

Total 4 14 87.50 2 12.50 16 100 0 0 

Center 

C1 4 100 0 0 4 100 0 0 
C2 4 100 0 0 3 75 1 25 
C3 3 75 1 25 4 100 0 0 
C4 3 75 1 25 3 75 1 25 

Total 4 14 87.50 2 12.50 14 87.50 2 12.50 
Sum 16 58 90.62 6 9.37 59 92.19 5 7.81 
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Table (2): Diversity of the bacterial growth at different selected cafes and restaurants in the four studied areas 

Area 
fecal E. coli E. coli E. aerogenes K. pneumoniae P. aeruginosa S. schleiferi S. aureus 

No.  % No.  % No.  % No.  % No.  % No.  % No.  % 
N1 4 50 1 12.5 0 0 2 25 1 12.5 0 0 0 0 
N2 2 25 2 25 1 12.5 0 0 0 0 0 0 2 25 
N3 3 37.5 0 0 0 0 5 62.5 0 0 0 0 0 0 
N4 3 37.5 1 12.5 1 12.5 1 12.5 0 0 1 12.5 1 12.5 

Total 12 37.5 4 12.5 2 6.25 8 25 1 3.13 1 3.13 3 9.37 
S1 2 25 0 0 0 0 2 25 3 37.5 0 0 0 0 
S2 3 37.5 0 0 1 12.5 1 12.5 0 0 0 0 0 0 
S3 1 12.5 0 0 1 12.5 3 37.5 3 37.5 0 0 0 0 
S4 0 0 1 12.5 0 0 3 37.5 4 50 0 0 0 0 

Total 6 18.75 1 3.13 2 6.25 9 28.13 10 31.25 0 0 0 0 
E1 5 62.5 1 12.5 1 12.5 1 12.5 0 0 0 0 0 0 
E2 2 25 0 0 0 0 4 50 1 12.5 0 0 1 12.5 
E3 3 37.5 2 25 1 12.5 1 12.5 0 0 0 0 0 0 
E4 2 25 0 0 0 0 3 37.5 1 12.5 0 0 1 12.5 

Total 12 37.5 3 9.38 2 6.25 9 28.13 2 6.25 0 0 2 6.25 
C1 2 25 1 12.5 0 0 3 37.5 2 25 0 0 0 0 
C2 3 37.5 0 0 1 12.5 3 37.5 0 0 0 0 0 0 
C3 1 12.5 0 0 0 0 5 62.5 0 0 1 12.5 0 0 
C4 0 0 0 0 1 12.5 5 62.5 0 0 0 0 0 0 

Total 6 18.75 1 3.15 2 6.25 16 50 2 6.25 1 3.13 0 0 
Sum 36 30.76 9 7.69 8 6.84 42 35.89 15 12.82 2 1.71 5 4.27 
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Table: (3) Characterization of Antibiotic sensitivity to the isolated bacteria contaminating the natural fresh juices 

Antibiotics 
vs 

Bacteria 

fecal E. coli E. coli E. aerogenes K. pneumoniae P. aeruginosa S. schleiferi S. aureus 

R S R S R S R S R S R S R S) 

 (N) % (N) % (N) % (N) % (N) % (N) % (N) % (N) % (N) % (N) % (N) % (N) % (N) % (N) % 

CIP (0)0 100 (0)0 (9)100 (0)0 (8)100 (0)0 (42)100 (0)0 (15)100 (2)100 (0)0 (5)100 (0)0 

CLA (36)100 (0)0 (9)100 (0)0 (8)100 (0)0 (40)95.2 (2)4.8 (0)0 (15)100 (2)100 (0)0 (5)100 (0)0 

IMP (0)0 100 (0)0 (9)100 (0)0 (8)100 (4)9.5 (38)90.5 (15)100 (0)0 (1)50 (1)50 (0)0 (5)100 

AK (5)15.4 (31)84.6 (8)88.8 (1)11.2 (8)100 (0)0 (2)4.8 (40)95.2 (15)100 (0)0 (2)100 (0)0 (5)100 (0)0 

AX (8)23.1 (28)76.9 (9)100 (0)0 (8)100 (0)0 (40)95.2 (2)4.8 (15)100 (0)0 (2)100 (0)0 (5)100 (0)0 

OX (0)0 (36)100 (0)0 (9)100 - - (0)0 (42)100 - - (2)100 (0)0 (5)100 (0)0 

CFX (0)0 (36)100 (0)0 (9)100 (0)0 (8)100 (4)9.5 (38)90.5 (0)0 (15)100 (2)100 (0)0 (5)100 (0)0 

CL (8)23.1 (28)76.9 (0)0 (9)100 (0)0 (8)100 (0)0 (42)100 (0)0 (15)100 (2)100 (0)0 (5)100 (0)0 

SXT (1)3.9 (35)96.1 (0)0 (9)100 (0)0 (8)100 (40)95.2 (2)4.8 (0)0 (15)100 (1)50 (1)50 (0)0 (5)100 

DO (0)0 (36)100 (0)0 (9)100 (0)0 (8)100 (0)0 (42)100 (0)0 (15)100 (0)0 (2)100 (0)0 (5)100 

CXM (0)0 (36)100 (0)0 (9)100 (0)0 (8)100 (0)0 (42)100 (0)0 (15)100 (0)0 (2)100 (0)0 (5)100 

CONCLUSION 

This study has concluded that, most of the 
studied fresh juice samples showed bacterial 
growth, interestingly, this is revealed increase 
the bacterial contamination that indicating risk 
factor leading to possibility of illness, there-
fore, control microbial contamination through 
the application of the restricted hygiene strate-
gies which needed to be considered in order to 
provide the markets with safe fresh juice prod-
ucts. Increase the educational awareness on the 
microbial hazards for the people who working 
on the juice preparations including food safety 
and sanitization which assist them to gain re-
sponsibility for quality control. Routine mi-
crobiological evaluation gives enough infor-
mation on the expected microbial risk factors. 
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Abstract: Plasma- polymerized coatings were successfully applied on aluminum 
alloy, AA2024, surface for corrosion protection. The plasma polymerization pro-
cess was carried out by low pressure microwave plasma at room temperature. The 
effect of microwave plasma power on the corrosion resistance of polymer coatings 
was investigated using the potentiodynamic polarization technique. As the micro-
wave plasma power increased, the relative protective efficiency increased. Polymer 
coatings on alloy surfaces suppressed both anodic and cathodic reactions. The in-
crement in protective efficiency was due to a higher degree of cross-linking in the 
coating. These findings suggest that the toluene polymer coatings provide a consid-
erable protection barrier for aluminum alloys. 
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 تصنیع طلاءات التولوین المبلمرة بالبلازما بواسطة التفریغ الكهربائي بالموجات الدقیقة
ـة ـ ـات المفتاحی ـ :  الكلم

 الحمایة من التأكل، 
ـائي   ـ ـیب الكیمی ـ الترس

 المعزَّز بالبلازما،
 طلاءات التولوین.

 

)  AA2024( المبلمرة بالبلازما بنجاح على سطح سبائك الألومنیومالطلاءات  بتطبیق قام الباحثالمستخلص : 
منخفضة الضغط عند  الموجات الدقیقةعملیة بلمرة البلازما بواسطة بلازما  ونُف�ذتالحمایة من التآكل. لغرض 

تقنیة  استخدم الباحثبلازما على مقاومة التآكل لطلاءات البولیمر الدراسة تأثیر قدرة ولدرجة حرارة الغرفة. 
ـذه      النه مع زیادة طاقة ألوحظ والاستقطاب الدینامیكي الفعال.  ـبیة له ـة النس ـاءة الحمای ـا ازدادت  كف بلازم

ـة.    الطلاءات. وجود الطلاءات البولیمریة على أسطح السبائك أدَّ ـة والكاثودی ـاعلات الأنودی ت إلى كبت التف
ـلاءات.   المتبادل لسلاسل البولیمر درجة التشابكارتفاع الزیادة في كفاءة الحمایة نتیجة وجاءت  داخل هذه الط

 كل لسبائك الألومنیوم.آتشیر هذه النتائج إلى أن طلاء بولیمر التولوین یوفر حاجز حمایة كبیر من الت
 

INTRODUCTION 

Aluminum and its alloys have excellent me-
chanical and physical properties for several 
applications. Because of the unique combina-
tion of high strength-to-weight ratio, makes it 
an ideal material for aerospace applications 
where weight reduction is considered (Abd 
El-Hameed & Abdel-Aziz, 2021). The alumi-
num alloy (AA2024) is one of the most im-
portant groups of aluminum alloys that wide-
ly used in satellites and space structures(Zuo 
et al., 2015). Aluminum alloys, on the other  

 
hand, are more susceptible to corrosion. This 
could limit its usage in aerospace industries, 
where harsh service environments are una-
voidable. The most straightforward way to 
prevent corrosion is to coat the alloy surface 
to keep it from coming into contact with the 
environment. For protection, the surface is 
clad with Al-1Zn, which may reduce fatigue 
strength(Navas et al., 2015). In addition, 
Chromate conversion coatingsare commonly 
applied to aluminum alloy surface. However, 
the major concern with this coating is its tox-
icity(Yan et al., 2009). Polymer coatings 

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.956&amp;domain=pdf&amp;date_stamp=2008-08-14
https://omu.edu.ly/journals/index.php/mjsc/index
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mailto:suleiman_hamali@yahoo.co.uk
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.956&amp;domain=pdf&amp;date_stamp=2008-08-14
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for corrosion protection of metallic surfaces 
and their alloys have attracted considerable 
interest in the fields of research and indus-
try(Ates, 2016; Olajire, 2018). Among recent 
techniques used to deposit polymer coatings 
on material surfaces, plasma enhanced chem-
ical vapor deposition (PECVD) (Ardic & 
Gifvars, 2017; Bowen & Cheneler, 2019; 
Fermi et al., 2019; Krtouš et al., 2021; Mitev 
et al., 2016; Zhou et al., 2020). It is a unique 
technique for fabricating corrosion-resistant 
polymer coating from a variety of organic 
materials(Aramaki, 1999; Esbayou et al., 
2018; Grundmeier et al., 2003; Jaritz et al., 
2019; Natishan et al., 1995; Singh-Beemat et 
al., 2013; Wang et al., 1996). The obtained 
coatings are pinhole-free and highly cross-
linked(Martin, 2009). In the current research, 
a polymer toluene coating was successfully 
deposited on an aluminum alloy sub-
strate(AA2024) with good corrosion abilities.  

The effect of microwave plasma power on the 
corrosion resistance of polymerized toluene 
coatings, prepared by the PECVD method, 
was studied systematically. Microwave plas-
ma with high frequencies (2.45 GHz) was 
used to generate a glow discharge to initiate 
the plasma polymerization process. 

MATERIALS AND METHODS 

Polymer coatings were prepared using plas-
ma-enhanced chemical vapor deposition 
(PECVD) method. Figure 1 shows a schemat-
ic diagram of the low-pressure plasma reactor 
used for PECVD. Plasma polymerization was 
carried out in a stainless steel vacuum cham-
ber. The chamber was evacuated from atmos-
pheric air to 10-5Torr. Microwave plasma (0- 
900 W-2.45 GHz) was used to generate a 
glow discharge necessary to initiate the 
polymerization process. Aluminum alloy 
(AA2024), with dimensions of (1.5×1.5) cm2, 
were used to deposit the polymer coatings.  

The coating quality is directly impacted by 
the substrate conditions. To achieve a homo-
geneous, defect-free deposition, the sub-

strates were cleaned using distilled water and 
acetone. Then they were exposed to Ar plas-
ma in situ to create an oxygen-free surface 
and improve film adhesion. This process was 
carried out at 720 watt of Mw power and 
lasted up to 20 min. Toluene monomer was 
used as an organic precursor. The PECVD 
process was run at 100-800 watt, a deposition 
time of 10-25 minutes, and a toluene/argon 
ratio of 15%. A spectrometer analyzer was 
used to characterize the chemical composi-
tion of aluminum alloy. Potentiodynamic po-
larization measurements were carried out in a 
3.5 wt.% NaCl solution at room temperature. 
Aluminum samples, both bare and coated 
with toluene coating, were connected with an 
isolated electric wire and all surfaces were 
painted with Lacquer 45, leaving only 1 cm2 
exposed to the electrolyte. The electrodes 
were immersed in the solution for 3 
hours.The electrode's potential was then 
swept at 0.166 mV/s from a starting potential 
of -400 mV vs. Ecorr to a final potential of 
1000 mV vs. Ecorr. The data acquisition and 
data analysis were performed using the ACM 
instrument's software (GILLAC-UK).  

 

Figure: (1). A schematic diagram of micro wave 
plasma reactor 

RESULTS AND DISCUSSION 

The chemical analysis of aluminum alloy, 
AA2024, is shown in Table 1. A toluene 
coating was deposited on aluminum alloy 
surface using low-pressure microwave plas-
ma. All coatings were subjected to the same 
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plasma treatment time of 25 min at room 
temperature. Ji et al.(Ji et al., 2013)prepared 
toluene coatings on the aluminum substrate 
using RF discharge plasma. They reported 

that the increase in treatment time beyond 30 
min led to the formation of a brown powder 
on the aluminum surface.  

Table:(1). Chemical analysis of aluminum alloy (AA2024) 

Element Al Cu Si Fe Mn Mg Cr Zn Ti 

Wt % 90 3.8 0.5 0.5 0.3 1.6 0.1 0.25 0.15 

Figure 2 shows the typical potentiodynamic 
polarization behavior of as received alumi-
num alloy, AA2024, in a 3.5 wt. % NaCl 
solution. In the potential range investigated, 
the polarization curve displays three unique 
regions: the active (Tafel) zone, the active-
passive transition region, and the limiting 
current region. The protective efficiency 
(Pi) and corrosion rate can be derived from 
the potentiodynamic polarization curve. The 
following formula was used to calculate the 
protective efficiency (Pi) of the coat-
ing(Enos & Scribner, 1997).  
 
Protective efficiency (Pi)=100 x (1–icorr / 
i°corr)                                                     (1) 
 
Where icorr and i°corr represent the corrosion 
current densities with and without the de-
posited coatings, respectively. The values 
were obtained by extrapolating the cathodic 
Tafel lines of the anodic and cathodic 
branches of the potentiodynamic 
curve(Aramaki, 1999; Nozawa & Aramaki, 
1999; Tsuji et al., 2000).The slope of the 
cathodic and anodic branches of the polari-
zation curve determines the anodic and ca-
thodic reactions at the metal/coating inter-
face. Higher slope values are associated 
withlower anodic and cathodic reaction ve-
locity (Singh-Beemat et al., 2013).The cor-
rosion rate was calculated using the follow-
ing equation: 

      Corrosion Rate = (w×A) / ρ               (2) 

Where w is the mass of material removed, A 
is the exposed surface area and ρ is the ma 

terial density. Table 2 shows the corrosion 
properties of AA2024 substrate before coat-
ed with toluene coating. 

Table:(2). Corrosion properties of as received AA 
2024 obtained from potentiodynamic curve 

Ecorr (mV)    i0
corr (µA / cm2)   corrosionrate 

(mm/year) 

    -747   11.65±0.050.13                      
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Figure: (2). Potentiodynamic curve of as received 
aluminum alloy, AA2024, in 3.5 wt.% NaCl solution 
 
The i°corr value of the bare sample increased 
due to the presence of Cl-1 ions in the im-
mersion solution, resulting in severe local-
ized corrosion on the sample surface. Simi-
lar results have been reported for sol-gel 
Ceria coatings on the surface of AA2024 
alloy(Zuo et al., 2015).Figure 3 shows the 
corrosion behavior of the aluminum alloy 
substrates covered with toluene coatings at 
different microwave powers. Table 3 sum-
marizes the data obtained from the analysis 
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of each potentiodynamic curve. It clearly 
demonstrates that the coated samples exhib-
it a marked improvement in the protective 
abilities compared to the uncoated one. The 
Icorr values of the coated samples were rela-
tively lower, compared to as received 
AA2024 alloy. Both the cathodic and anodic 
branches of the polarization curves were 
remarkably suppressed by coverage of the 
electrodes with the toluene coating. Yu et 
al. have reported that the densely packed 
toluene films on copper substrate can inhibit 
for the copper dissolution caused by diffu-
sion of chloride ions to the copper 
surface(Yu et al., 2003). 

Table:(3). Corrosion properties of aluminum elec-
trodes covered with toluene coatings with different 
m.w. Powers at 15% toluene ratio 

Power 
(watt) 

Ecorr 
(mV) 

icorr(±0.05
µA/cm2) 

Pi% Corrosion 
Rate 
(mm/year) 

720 -850 4.20 65.00 0.040 
540 -737 4.30 63.00 0.047 
360 -742 5.10 57.50 0.053 
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Figure: (3). Polarization curves of AA2024 coated 
with toluene films as a function of m.w. Power 

With an increase in microwave power, the 
protective abilities of toluene coatings im-
proved slightly. Highest protective efficien-
cy of 65% was obtained at 720 watt. At a 
power of less than 360 w, the deposition 
process could not take place. Joo et al.(Joo 

et al., 2000) studied the  Effects of plasma 
power on the properties of low-k polymer-
like organic thin films deposited by PECVD 
method using the toluene as the precursor. 
Their results showed that when the plasma 
power is low enough, it cannot decompose 
the benzene ring in the toluene precursor. 
Yu et al.(Yu et al., 2003) reported that the 
protective abilities of toluene films, pre-
pared by the PECVD method, increased 
with increasing RF power. 
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Figure: (4). Corrosion rate of aluminum alloy elec-
trodes as a function of microwave power 
 
Figure4 shows the corrosion rate calculated 
from Table 2 and Table 3. As shown in Fig-
ure4, the corrosion rate decreased in the 
presence of toluene coating. The coatings 
deposited at a 15% - 720 W showed an ob-
viousreduction in its corrosion rate value, 
40µm/year. This improvement in corrosion 
resistance was attributed totoluene coatings 
that inhibit both anodic and cathodic reac-
tions. The toluene coatings were densely 
packed and firmly linked, which suppressed 
oxygen reduction and diffusion of an elec-
trolyte onto the alloy surface. The presence 
of toluene coatings could significantly re-
duce aluminum's susceptibility to environ-
mental corrosion. 

CONCLUSION 

Plasma polymerized organic coatings were 
successfully prepared using plasma en-
hanced chemical vapor deposition method. 
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The protective abilities of organic coatings 
as a function of microwave power were 
characterized by potentiodynamic polariza-
tion test. The presence of organic coatings 
suppressed oxygen reduction and diffusion 
of an electrolyte onto the alloy surface. The 
protective efficiency of the toluene coatings 
increased with increasing microwave power. 
The highest protective efficiency was 65% 
at 720 watts of microwave power. Toluene 
coatings with increasing microwave power 
had the higher degree of cross-linking, sug-
gesting that better corrosion protection for 
AA2024 aluminum alloy. 
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Abstract: Urinary tract infections (UTIs) are predominantly caused by Escherichia coli 
(E. coli). Increasing E. coli resistance to antibiotics is a major concern worldwide. Since 
UTIs are often treated by trial and error, measuring antimicrobial resistance (AMR) is 
important. However, there isn't much information about the rate of antimicrobial re-
sistance to E. coli in the Libyan community. To determine rate of antimicrobial suscepti-
bility patterns of E. coli urine isolates, in Al-Bayda, Libya. A retrospective study, in 
which  104 E. coli urine isolates were conducted using the antimicrobial susceptibility 
profile (antibiogram) of six different antibiotics against E. coli, isolates, were collected 
from several medical laboratories. Out of the 104 E. coli urine isolates, the MDR was 
39.4%. The overall frequency of isolates resistant to ceftriaxone was 62.5%, trime-
thoprim-sulfamethoxazole (TMP-SMZ)(54.8%), Amoxicillin-Clavulanic acid (47.11%), 
ciprofloxacin (26%), nitrofurantoin (18.26%), and levofloxacin (15.4%). Prevalence of 
AMR among Libyan outpatient urine-isolated E. coli was high, with a high incidence of 
multidrug-resistance. The knowledge of antibiotic resistance rates in the region helps in-
form empiric treatment of community-onset UTI and highlights the antibiotic resistance 
profile to clinicians. 

Keywords: 
Urinary tract 
infection; 
Antimicrobial 
resistance; 
E. coli; 
Antibiogram. 

 القولونیة أنماط حساسیة مضادات المیكروبات لعزلات بول الإشریكیة
:  الكلمات المفتاحیة

ـالك   ـ ـدوى المس ـ ع
 البولیة؛

ـادات  ـ ـة مض ـ مقاوم
 المیكروبات؛

 الإشریكیة القولونیة؛
الأنتیبیوجرام (تحسس 
 الجراثیم للمضادات).

 

 

زیادة مقاومة الإشریكیة القولونیة  ،تسببها في الغالب الإشریكیة القولونیةإن التهابات المسالك البولیة المستخلص : 
ـا   تُعالَجأن عدوى المسالك البولیة إلى  نظر�ا ؛للمضادات الحیویة هو مصدر قلق كبیر في جمیع أنحاء العالم غالب�

ـن   تتوافر ه لا؛ بما أنالخطأ، فمن المهم قیاس مقاومة مضادات المیكروباتاحتمالیة عن طریق التجربة و الكثیر م
المعلومات حول معدل مقاومة مضادات المیكروبات للإشریكیة القولونیة في عدوى المسالك البولیة التي تظهر في 

ـات   الإشریكیة القولونیة یناتتحدید تواتر وأنماط الحساسیة لمضادات المیكروبات لع تم .اللیبيالمجتمع  ـن عین  م
ـ    أُجریت حیث البیضاء، لیبیا. مدینة يف فیروس كورونا بول خلال جائحةال ـ ـي ل ـن   104دراسة بأثر رجع م

ـات باستخدام وذلك  طبیةمن عدة مختبرات  ج�معت عزلات الإشریكیة القولونیة المعزولة من البول  ـ بیان س التحسُّ
زلة ع 104من بین أنه  حیث أظهرت النتائج مضادات حیویة مختلفة. لستةنتیبیوجرام) الألمضادات المیكروبات (

ـة  من الإشریكیة القولونیة، كان معدل  ـة     و. ٪39.4المقاومة المتعددة للأدوی ـزلات المقاوم ـالي للع ـان الإجم ك
ـض  54.8سلفامیثوكسازول (-٪، تریمیثوبریم62.5للسیفتریاكسون  على النحو الآتي: لإشریكیة القولونیةل ٪)، حم

ـوین ( ٪)، نتر26)، سیبروفلوكساسین (47.11كلافولانیك (-أموكسیسیلین ـین   و٪) 18.26وفورانت لیفوفلوكساس
ـة للمضادات الحیویة  تكان حیث٪). 15.4( ـون،       الآتی ـات: سیفتریاكس ـادات المیكروب ـة لمض ـى مقاوم أعل

ـى    ـب. عل سلفامیثوكسازول / تریمیثوبریم، أموكسیسیلین + حمض الكلافولانیك، وسیبروفلوكساسین، بهذا الترتی
العمر عامل كبیر في  فإنفورانتوین كانا أكثر المضادات الحیویة حساسیة، الرغم من أن اللیفوفلوكساسین والنیترو

 مدى حساسیة عزلات بكتریا القولونیة تجاه المضادات الحیویة.

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.939&amp;domain=pdf&amp;date_stamp=2008-08-14
https://omu.edu.ly/journals/index.php/mjsc/index
https://doi.org/10.54172/mjsc.v37i4.939
mailto:taher.issa@omu.edu.ly
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.939&amp;domain=pdf&amp;date_stamp=2008-08-14
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INTRODUCTION 

Urinary tract infections (UTIs) are considered 
the most common community-acquired and 
nosocomial infections. It has been reported 
that 150 million cases of UTI occur each year 
worldwide (Medina & Castillo-Pino, 2019). 
The prevalence of UTI varies with age and 
gender. About 40–60% of women will get an 
UTI in their lifetime, which is more than the 
12% of men who will get one (Kot, 2019; 
Medina & Castillo-Pino, 2019). It is the se-
cond most common infection after respiratory 
tract infections (Elsayah et al., 2017). 

E. coli accounts for up to 80% of isolated 
bacteria causing UTIs (Niranjan & Malini, 
2014; van Driel et al., 2019). Additionally, E. 
coli is also capable of infecting the lungs, 
surgical sites, bloodstream, and meninges 
(Forsyth et al., 2018). A local study per-
formed by (Ismail et al. 2018) in Eastern 
Libya to determine the incidence of UTIs 
found that the most prevalent uropathogen 
was E. coli (48%). Another national study 
enrolled 1,790 patients with UTIs, E. coli was 
the predominant uropathogen, being isolated 
at 55.8% (Abujnah et al., 2015). Amongst 
bacteria detected in 2209 urine specimens 
from patients with UTI in Tripoli, Libya, E. 
coli was the major positive isolate (24%) fol-
lowed by Staphylococcus spp. (8%) 
(Ghenghesh et al., 2003).Uncomplicated 
UTIs are commonly treated by empirical an-
tibiotics without prior antibiotic susceptibility 
testing. These include: Nitrofurantoin, 
fosfomycin, trometamol, and TMP-SMZ are 
recommended as first-line therapy for un-
complicated cystitis. Amoxicillin-clavulanic 
acid is recommended as first line-therapy for 
mild and moderate pyelonephritis or compli-
cated UTI, as well as alternative empiric 
therapy for uncomplicated UTIs. In the 
treatment of uncomplicated cystitis, ciprof-
loxacin should not be considered as a first-
line antibiotic, but as an alternative (Kot, 
2019). 

Many studies have reported that  antimicrobi-

al resistance in E. coli has been increasingly 
observed and reported worldwide due to sev-
eral factors, such as the use of empirical anti-
biotics to treat UTIs without antibiotic sensi-
tivity testing as the international protocols 
recommend (Kot, 2019; Shuaib et al., 2021). 
The development of multidrug resistance 
(MDR), which is the resistance to one or 
more classes of antimicrobials against E. coli 
strains, has caused increasing concern over 
the empirical treatment options in the case of 
UTIs with E. coli. Fluoroquinolones 
(levofloxacin and ciprofloxacin), cephalo-
sporins (Cefixime and Ceftriaxone), sulfona-
mides (TMP-SMX), penicillin (Amoxicillin-
Clavulanic acid), and nitrofurantoin are 
among the MDR classes reported 
(Abduzaimovic et al., 2016). During the 
COVID-19 pandemic in May 2021, a WHO 
report shows worrying trends, especially in 
low- and middle-income countries like Libya, 
where more reports are being sent to the 
Global Antimicrobial Resistance and Use 
Surveillance System (GLASS), which was 
the first global effort to standardize AMR 
surveillance (WHO, 2021).  

The WHO reported over 3 million laboratory-
confirmed bacterial infections resistant to 
WHO priority list pathogens in 70 countries. 
Although it is too early to link the higher re-
sistance rates to the COVID-19 pandemic. 
Resistance rates have increased six-fold since 
sites began sharing AMR surveillance data in 
2017 (WHO, 2020, 2021). Prior to the 
COVID-19 epidemic, the Arab world had al-
ready experienced alarming levels of AMR 
(Dandachi et al., 2019) Recognizing the scar-
city of research on the topic, this study stud-
ied the impact of COVID-19 on E.coli AMR 
and antimicrobial stewardship (AMS) in  
Libya as an Arab League country . 

This study aimed to determine the prevalence 
of antimicrobial susceptibility profile (Anti-
biogram) of E. coli isolates collected from 
urine samples of outpatients suffering from 
UTIs. 
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MATERIALS AND METHODS 

Study design and participants: This study 
was a retrospective study conducted in the 
medical laboratories at Al-Bayda, Libya, 
from January 2021 to April 2022. Outpatients 
with UTI infections caused  by E.coli of all 
ages and both sexes were tested for sensitivi-
ty to 5 antibiotics. Excluding incomplete pa-
tient records, comorbid cases, and cases with 
a recurrent history of UTIs. 

Sample size, and collection techniques  
The sample size was calculated using the 
Epi-info software program to be 104 urine 
samples. The urine specimens and their age 
and sex were labeled.  

Urine culture; The standard loop method, 
which is semi-quantitative, was used to culti-
vate urine. Standard procedures, such as gram 
stain, blood agar, MacConkey agar, and API 
(Analytical Profile Index) 20E, were used to 
identify isolated E. coli  

Procedures: The antibiotic sensitivity test 
was done on Mueller-Hinton agar by the Kir-
by-Bauer disc diffusion test as per Clinical 
and Laboratory Standard Institute (CLSI) 
guidelines (Clinical & Institute, 2012). The 
following antimicrobial agents were tested 
for their resistance and susceptibility: amoxi-
cillin/clavulanic acid (30 µg), TMP/SXT (25 
µg), ciprofloxacin (5 µg), nitrofurantoin (300 
µg), Levofloxacin (5 µg) and ceftriaxone (30 
µg). An isolate was considered an MDR if it 
was found resistant to three or more antimi-
crobial classes belonging to different clas-
ses/groups of antimicrobials. 

Statistical Analysis: The data was analyzed 
using SPSS version 25 (IBM Corp., Armonk, 
NY, USA). Differentials were considered sta-
tistically significant at p< 0.05. The qualita-
tive and discrete sociodemographic variables 
were presented as frequency and percent. The 
Chi-square test was performed to test the re-
lationship between sociodemographic factors 
and antibiotic resistance and susceptibility. 

The predictors of antibiotic resistance and 
susceptibility of E. coli isolates were identi-
fied using multinomial logistic regression 
analysis.  

RESULTS 

The majority of the studied samples were fe-
males 99 (95.5%). Out of the 104 E. coli 
urine isolates, Augmentin resistance was 49 
(47.1%). The susceptibility patterns of E. coli 
strains were significantly (p = 0.03*) affected 
by the patient age, especially the age group 
18–25 y. The OR (95% C.I] was 2.28 (-4.12-
0.44) with p = 0.02* compared to participants 
≥65 y (Table 1). 

ciprofloxacin resistance was 27 (26. 
0%).There was a statistically significant rela-
tionship between it and the age (p = 0.01*), 
especially the age group 18–25 y, and ≥65 y. 
The OR (95% C.I] was 3.18(1.62-56.7) and 
2.95(1.9-81.9) in order with p <0.05 com-
pared to participants aged less than 18 y (Ta-
ble 2). 

Nitrofurantoin resistance was 19(18.3%). 
There was a statistically significant (P value 
less than 0.05) relationship between it and the 
age and sex of participants. Among males, 
the OR (95% C.I] was -2.05 (-3.92/-0.18), 
and had significantly lower resistance (p = 
0.03). Compared to participants aged more 
than 65 years, nitrofurantoin resistance was 
significantly lower (p<0.05) among the age 
groups of 18–35 years and less than 10 years. 
As shown in (Table 3). 

Levofloxacin resistance was 16(15.4%). 
There was a statistically significant (p< 0.05) 
relationship between it and the age and sex of 
participants. Among males, the OR (95% C.I] 
was 2.29(4.18-0.41), and  had significantly 
lower resistance (p = 0.02). Compared to par-
ticipants aged more than 65 years, Levoflox-
acin resistance was significantly lower 
(p<0.05) among the age groups of 18–<25 
years and less than 10 years. (Table 4). 
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Table (1). Background information, and Frequency, Determinants., and Predictors of Augmentin susceptibility 
patterns to E. coli strains urine isolates 

Age groups 
(y) 

Total 
T=104 

Augmentin 
X2 (P) 

Predictors of 
Augmentin re-

sistance 
OR[ 95% C.I] 

P Sensitive 
55(52.9) F (%) 

Resistance 
49(47.1) F (%) 

1-<10 
10-<18 
18-<25 
25-<35 
35-<45 
45-<65 
≥65  

19(18.3) 
5(4.8) 

14(13.5) 
32(30.8) 
10(9.6) 

13(12.8) 
11(10.6) 

11(20.0) 
4(7.3) 

11(20.0) 
19(34.5) 

3(5.5) 
4(7.3) 
3(5.5) 

8(16.3) 
1(2.0) 
3(6.1) 

13(26.5) 
7(14.3) 
9(18.4) 
8(16.3) 

15.1 
(0.03*) 

-1.29(-2.90-
0.310) 

-2.37(-4.93-0.19) 
-2.28(-4.12-0.44) 
-1.36(-2.86-0.14) 
-0.13(-2.02-1.76) 
-0.17(-1.94-1.60) 

Reference 

0.11 
0.07 

0.02* 
0.08 
0.89 
0.85 

Sex  
Male  
Female 

 
5(4.8) 

99(95.2) 

 
1(1.8) 

54(98.2) 

 
4(8.2) 

45(91.8) 

 
2.28 

(0.13) 

 
 

-1.6(0.02-1.93) 

 
0.17 

*p <0.05 there was a statistical significant difference 

Table (2). Patterns of ciprofloxacin susceptibility of isolated E. coli at different age groups 

Age groups 
(y) 

 

Ciprofloxacin 
X2 
(P) 

Predictors of ciproflox-
acin resistance 
OR[ 95% C.I] 

P Sensitive 
77(74.0) F (%) 

Resistance 
27 (26.0) F (%) 

1-<10 
10-<18 
18-<25 
25-<35 
35-<45 
45-<65 
≥65  

17(22.1) 
2(2.6) 

13(16.9) 
26(33.8) 

7(9.1) 
7(9.1) 
5(6.5) 

2(7.4) 
3(11.1) 
1(3.7) 

6(22.2) 
3(11.1) 
6(22.2) 
6(22.2) 

 
18.1 

(0.01*) 

Reference 
2.77(0.5-44.1) 

3.18(1.62-56.7) 
0.21(0.07-21.6) 
1.30(0.41-33.5) 
2.62(1.38-55.9) 
2.95(1.9-81.9) 

 
0.11 

0.02* 
0.89 
0.25 
0.12 

0.03* 
Sex  
Male  
Female 

 
2(2.6) 

75(97.4) 

 
3(11.1) 

24(88.9) 

 
3.17 

(0.08) 

 
Reference 

-1.54(0.03-1.35) 

 
 

0.10 
*p <0.05 there was a statistical significant difference 

Table (3). Patterns of Nitrofurantoin susceptibility of isolated E. coli at different age groups 

Age groups 
(y) 

 

Nitrofurantoin X2 
(P) 

Predictors of Nitrofu-
rantoin  resistance 

OR[ 95% C.I] 
P 

Sensitive 
85(81.7) F (%) 

Resistance 
19 (18.3) F (%) 

1-<10 
10-<18 
18-<25 
25-<35 
35-<45 
45-<65 
≥65  

17(20.0) 
4(4.7) 

14(16.5) 
27(31.8) 

6(7.1) 
11(12.9) 

6(7.1) 

2(10.6) 
1(5.3) 
0(0.0) 

5(26.3) 
4(21.1) 
2(10.5) 
5(26.3) 

 
15.9 

(0.04*) 

-1.96(-3.84/-0.72) 
-1.20(-3.69-1.29) 
-2.38(-4.74/-0.03) 
-2.52(-4.38/-0.67) 
-2.02(-4.39-0.37) 
-0.63(-2.30/1.04) 

Reference 

0.04* 
0.34 

0.047* 
0.008* 
0.097 
0.46 

Sex  
Male  
Female 

 
2(2.4) 

83(97.6) 

 
3(15.8) 

16(84.2) 

 
6.12 

(0.013*) 

 
-2.05(-3.92/-0.18) 

Reference 

 
0.03* 

*p <0.05 there was a statistical significant difference 
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Table 4; Patterns of Levofloxacin susceptibility of isolated E. coli at different age groups 

Age groups 
(y) 

 

Levofloxacin 
X2 
(P) 

Predictors of 
Levofloxacin re-

sistance 
OR[ 95% C.I] 

P Sensitive 
88(84.6) 

F (%) 

Resistance 
16 (15.4) 

F (%) 
 
1-<10 
10-<18 
18-<25 
25-<35 
35-<45 
45-<65 
≥65  

 
17(19.3) 

4(4.5) 
13(14.8) 
30(34.1) 
9(10.2) 
9(10.2) 
6(6.8) 

 
2(12.6) 
1(6.3) 
1(6.3) 

2(12.5) 
1(6.3) 

4(25.0) 
5(31.3) 

 
 

16.1 
(0.024*) 

 
-1.96(3.84- 0.07) 
-1.20(3.69-1.29) 
-2.38(2.7-0.03) 

-2.53(4.38-0.67) 
-2.01(4.39-0.37) 
-0.63(2.30-1.04) 

Reference 

 
0.04* 
0.34 

0.047 
0.008* 
0.097 
0.46 

Sex  
Male  
Female 

 
2(2.3) 

86(97.7) 

 
3(18.8) 

13(81.3) 

 
8.03 

(0.005*) 

 
-2.29(4.18-0.41) 

Reference 

 
0.02* 

 
Ceftriaxone resistance was 65(62.5 %). There 
was a statistically significant (p less than 
0.05) relationship between Ceftriaxone re-
sistance and the age of participants. Com-
pared to participants aged more than 65 all 
age groups except the age group between 45 
and less than 65y are significant (p<0.05) 
risky to Ceftriaxone resistance (Table 5). 
 
 
 
 

 
TMP-SMZ resistance was (57,54.8%). There 
was a statistically significant (p less than 
0.05) relationship between TMP-SMZ re-
sistance and the age and sex of participants. 
Among females, the OR (95% C.I) was 17.2 
(16.8/-17.9) and had significantly lower re-
sistance (p = 0.00). Compared to participants 
aged more than 65 years, nitrofurantoin re-
sistance was significantly lower (p<0.05) The 
OR (95% C.I] was 2.35 (4.429-0.42) among 
the age groups of 18–<25 years (Table 6). 

Table (5). Patterns of ceftriaxone susceptibility of isolated E. coli at different age groups  

Age groups 
(y) 

Ceftriaxone 
X2 
(P) 

Predictors of ceftri-
axone resistance 

OR[ 95% C.I] 
P Sensitive 

39(37.5) 
F(%) 

Resistance 
65 (62.5) 

F(%) 

1-<10 
10-<18 
18-<25 
25-<35 
35-<45 
45-<65 
≥65 

 
10(25.6) 
4(10.3) 
8(20.5) 
13(33.3) 
3(7.7) 
0(0.0) 
1(2.6) 

 
9(13.8) 
1(1.5) 
6(9.2) 
19(29.2) 
7(10.8) 
13(20.0) 
10(15.4) 

 
 
 
22.12 
(0.002*) 

 
2.41(4.65-0.16) 
3.69(6.69-0.68) 
2.59(4.90-0.28) 
1.92(4.09-0.25) 
1.45(3.92-1.001) 
19.9(17.1-20.2) 
References 

 
0.035* 
0.016* 
0.028* 
0.083 
0.246 
0.03* 

Sex 
Male 
Female 

 
0(0.0) 

39(100.0) 

 
5(7.7) 

60(92.3) 

 
3.15 

(0.19) 

 
References 

17.1(16.1-18.9) 

 
 
 

0.00* 
*p <0.05 there was a statistical significant difference  
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Table: (6) Patterns of TMP-SMZ susceptibility of isolated E. coli at different age groups 

 TMP-SMZ 
X2 
(P) 

Predictors of Septrin re-
sistance 

OR[ 95% C.I] 
P  Sensitive 

47(47.2) 
F (%) 

Resistance 
57 (54.8) 

F (%) 
Age groups 
(y) 
1-<10 
10-<18 
18-<25 
25-<35 
35-<45 
45-<65 
≥65  

 
4(8.5) 
2(4.3) 

12(25.5) 
19(40.4) 

3(6.4) 
3(6.4) 
4(8.5) 

 
15(26.3) 

3(5.3) 
2(3.5) 

13(22.8) 
7(12.3) 

10(17.5) 
7(12.3) 

 

 
 
 

20.65 
(0.004*) 

 
0.76(0.88-2.41) 
0.15(2.23-2.02) 
2.35(4.29-0.42) 
0.94(2.35-0.46) 
0.29(1.53-2.12) 
0.64(1.13-2.43) 

References 

 
0.37 
0.89 

0.017* 
0.194 
0.758 
0.48 
--- 

Sex  
Male  
Female 

 
0(0.0) 

47(100.0) 

 
5(8.8) 

52(91.2) 

 
4.33 

(0.04*) 

 
Reference 

-17.2(16.8/17.9) 

 
0.00* 

*p <0.05 there was a statistical significant difference 
 

 

Figure (1). Antimicrobial susceptibility patterns of 
E. coli strains to different antimicrobial agents 

All E. coli isolates (104) were tested for 
their susceptibility using a panel of antibiot-
ics. The E. coli isolates were resistant most-
ly to the tested antibiotics as follows: 
Ceftriaxone (65,62.5%), TMP-SMZ 
(57/104; 54.8%), amoxicillin + clavulanic 
acid (49/104; 47.11%), and ciprofloxacin 
(27/104; 26.8%) were all found to have high 
rates of resistance. While the antibiotics of 
higher sensitivity were levofloxacin 
(88,84.6%), nitrofurantoin (85.81.7%). 

DISCUSSION 

Uropathogenic Escherichia coli (UPEC) is 
one of the main bacteria causing UTIs. The 
rates of UPEC with high resistance to antibi 

 
otics and MDR E. coli have increased dra-
matically in recent years and could compli-
cate the treatment (Ramírez-Castillo et al., 
2018),. This emergence of global concern 
poses a major challenge to physicians and 
public health worldwide  (Paterson, 2000). 
The choice of empirical antimicrobial ther-
apy is based on antibiogram patterns that 
show resistance trends among pathogens. 
Because antibiotic resistance patterns 
change over time, it is important for clini-
cians to learn about the information they 
have seen (Kumarasamy et al., 2010). 

Limited studies show the resistance rate to 
antibiotics used in treating UTIs against E. 
coli in other areas and cities in Libya during 
the COVID-19 pandemic, studies carried 
out between 2002 and 2008 reported an in-
crease in E. coli resistance rates to Ciprof-
loxacin and other fluoroquinolones 
(Ghenghesh et al., 2013). High rates of re-
sistance to TMP-SMZ were also observed 
from 1990 to 1999 for E. coli from UTIs in 
Tripoli and Benghazi (Ghenghesh et al., 
2013). AMR patterns of E. coli from pa-
tients with UTIs who attended Zawiya 
Teaching Hospital in Zawiya city between 
November 2012 and June 2013 were (37%), 
(23.1%) and (19.2%) for TMP-SMZ, 
Ciprofloxacin, and Levofloxacin. MDR (re-
sistance to 3 antimicrobial groups) was 



Al-Mukhtar Journal of Sciences 37 (4): 372-384, 2022 
 

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 
378 

found in (33.2%) (Abujnah et al., 2015). 

As regards the sex; According to the find-
ings (95.2 %), between January 2021 and 
April 2022 in Al-Bayda, Libya, the E. coli 
urine isolates in outpatients were detected 
more frequently in women. These findings 
are in line with prior research (Deshpande et 
al., 2011; Haque et al., 2015; Keah et al., 
2007). Furthermore, male patients' isolates 
had higher antimicrobial drug resistance 
than female patients' isolates, male infec-
tions may be more difficult to treat since 
male strains have higher rates of antibiotic 
resistance, which could lead to repeated in-
fections. These findings were consistent 
with previous research (Ali et al., 2016; 
Tabasi et al., 2015; Wagenlehner et al., 
2007). Isolates should be screened for anti-
biotic susceptibility before deciding on a 
treatment. 

As regards the MDR; we found the MDR of 
the UPEC was 39.4%. This result is similar 
to other previous studies that indicated an 
increasing resistance to three or more clas-
ses of antibiotics, especially in developing 
countries (Sanchez et al., 2014). 

 As regards the Ceftriaxone resistance; 
Ceftriaxone resistance was shown to be the 
most common in the current study (62.25 
percent). This can be explained by the re-
cent emergence of ß-lactam resistance in 
nosocomial Enterobacteriaceae, which has 
become a severe problem worldwide, nota-
bly the increasing resistance to third-
generation cephalosporins (Ceftriaxone) 
(Pfeifer et al., 2010). Ceftriaxone is there-
fore a less common first-line medication for 
UTIs, but it is essential for treating more 
serious infections (Abernethy et al., 2017). 

Different resistance rates have been record-
ed in different geographical courtiers in 
studies of ceftriaxone resistance status. Pa-
kistan (90 %) and Ethiopia (73 %) showed 
higher ceftriaxone resistance (Gashe et al., 
2018; Kathia et al., 2020). Mexico (27.3%) 

and Jordan (55.1%), on the other hand, have 
lower resistance patterns for E. coli isolates 
against ceftriaxone (Ramírez-Castillo et al., 
2018; Shakhatreh et al., 2019). Others, have 
identified lesser resistant E. coli isolates 
(20%) in Saudi Arabia (Aabed et al., 2021), 
(7.8%) in northern Brazil from 2007 to 2010 
(Cunha et al., 2016), and 6.7 percent in 
2013 in Zawiya, Libya (Abujnah et al., 
2015; Cunha et al., 2016).  

As regards TMP-SMZ;  TMP-SMZ re-
sistance was the second most common in 
this study (54.8%). It is used in practice a 
lot, and  (Jancel & Dudas, 2002) say it 
should be the first choice for treating a sim-
ple UTI (cystitis). 

Susceptibility patterns vary across geo-
graphical regions and alter over time, as 
previously mentioned (Prakash & Saxena, 
2013). For example, approximately equal 
frequencies of UPEC isolates resistant to 
TMP-SXT were found (2018) (Alqasim et 
al., 2018; Cunha et al., 2016; Raeispour & 
Ranjbar, 2018). While Mongolia had more 
TMP-SMZ resistance in 2017, Mexico had 
72.7 percent in 2018, while Jordan had 73.1 
percent in 2019 (Munkhdelger et al., 2017; 
Ramírez-Castillo et al., 2018; Shakhatreh et 
al., 2019). Certain European countries re-
ported a lower frequency of between 14.6 
and 60 percent in 2019 (Kot, 2019); Swit-
zerland reported 24.5 percent from 2012 to 
2015 (Erb et al., 2018); 37.1 percent in 
France in 2016 (Lavigne et al., 2016). In 
different Libyan cities, E. coli isolates 
showed varying rates of resistance to TMP-
SMZ throughout time, for example, 1994-
1995/Tripoli (45%), 1996/Benghazi (81%), 
2002- 005/ Sirte (36%), 2006-2008/ Ben-
ghazi (31%) (Ghenghesh et al., 2003).  

According to (Abujnah et al., 2015), re-
sistance to TMP-SMZ was 24.6 percent in 
2013. Due to increased resistance to TMP-
SMZ that has recently been documented in 
numerous countries, TMP-SMZ should not 
be used in empiric UTI treatment and the 
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maximum resistance that can be tolerated is 
20% (Bartoletti et al., 2016). 

As regards Nitrofurantoin resistance; Be-
cause nitrofurantoin's activity against com-
monplace causes of UTIs, such as E. coli, is 
well-documented, so in this study the re-
sistance was found to be (18.26 percent). 
Nitrofurantoin resistance is uncommon in 
principle, and many MDR species remain 
vulnerable (Sanchez et al., 2014) These 
findings support the European Association 
of Urology (EAU) (Grabe et al., 2015) and 
International Clinical Practice Guidelines' 
recommendations that nitrofurantoin be 
used first-line for the treatment of uncom-
plicated UTIs (Grabe et al., 2015; Rowe & 
Juthani-Mehta, 2013). 

This result was similar in low rate of re-
sistance to nitrofurantoin as in Mexico 
(2013–2017) by (Ramírez-Castillo et al., 
2018), in India was (12.7%).  by (Prasada et 
al., 2019) and in Saudi Arabia found that 
the prevalence of nonsusceptible E. coli to 
nitrofurantoin was 15% (Alqasim et al., 
2018). While in Tripoli, Libya 2003 was 
(25%) (Ghenghesh et al., 2003). 

As regards fluoroquinolones resistance; 
The fluoroquinolones resistance rates in this 
study (ciprofloxacin 26% and levofloxacin 
15.4%) suggest that fluoroquinolones anti-
biotics, such as ciprofloxacin and levofloxa-
cin, are recommended for empirical oral an-
timicrobial treatment in uncomplicated 
UTIs (pyelonephritis) and are widely used 
in clinical practice against UTI pathogens 
such as E. coli (Bonkat et al., 2018; Drago 
et al., 2001), whereas various countries re-
ported significant levels of fluoroquinolone-
resistant E. coli (Drago et al., 2001). It is 
thought that the widespread use of fluoro-
quinolones in outpatients is the reason for 
the persistent increase in resistance to this 
medication. Thus, the use of ciprofloxacin 
as empirical therapy for UTI should be 
avoided, and the application of policy that 
restricts ciprofloxacin use should be en-

hanced, particularly in developing countries 
(Fasugba et al., 2015; Karam et al., 2019). 

In agreement with our results, what was 
found in previous studies, which showed 
that fluoroquinolone resistance rates are al-
ways less than 20%, with a few cases of 
much higher resistance rates of 49% to 72% 
(Walker et al., 2016). For example, nearly 
similar results were found in Benghazi, 
Libya between 2006 and 2008; 17% were 
resistant to ciprofloxacin (Buzayan et al., 
2010; Ghenghesh et al., 2003); in Switzer-
land, 17.4% were resistant to ciprofloxacin 
(Erb et al., 2018); in Brazil, 18.8% were re-
sistant to ciprofloxacin (da Silva et al., 
2017); in Zawiya city between 2012 and 
2013; 23.1% were resistant to ciprofloxacin; 
and 19.2% to levofloxacin (Abujnah et al., 
2015). In developed countries, the rates 
were much lower (5.1% in the USA, 10.5% 
in Germany, and 24.8% in France) than in 
developing countries (64.6% in Nepal, 
58.1% in Mongolia, and 55.5% in Jordan) 
(Khatri et al., 2017; Munkhdelger et al., 
2017; Shakhatreh et al., 2019). 

While higher frequencies were reported in 
Saudi Arabia. 40% was resistance to ciprof-
loxacin (Alqasim et al., 2018). In Mexico, 
47.3% was resistance to ciprofloxacin and 
43.6 to levofloxacin (Ramírez-Castillo et 
al., 2018); in Pakistan, 60% was resistance 
to ciprofloxacin and 61.4% to levofloxacin 
(Ali et al., 2016). 

As regards Amoxicillin-Clavulanic acid 
resistance; In our study, the percentage of 
E. coli resistance to Amoxicillin-Clavulanic 
acid was 47.11%. For this reason, amoxicil-
lin-clavulanic acid is not indicated for em-
pirical treatment due to the high prevalence 
of bacterial resistance (Bartoletti et al., 
2016). Therefore, its treatment should be 
based on the susceptibility results of UPEC 
(Kot, 2019).The variance level of E. coli 
isolates resistant to amoxicillin-clavulanic 
acid among patient groups or geographical 
regions is unknown. For example, it was 



Al-Mukhtar Journal of Sciences 37 (4): 372-384, 2022 
 

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 
380 

reported higher in Jordan, where 2019 was 
83.2% (Shakhatreh et al., 2019), in Paki-
stan, 2016 was 71% (Ali et al., 2016), and 
in Saudi Arabia it was 55% (Abernethy et 
al., 2017; Alqasim et al., 2018; Kot, 2019; 
Lavigne et al., 2016; Ramírez-Castillo et al., 
2018) reported low resistance in France 
(36.6%), England (30%), Mexico (23.6%), 
and Poland (13.9%). 

Strength: To best of our knowledge, this is 
the first study in Libya that study this topic 
during the COVID-19 pandemic, to cover 
large period of time more than 18 months 
(January 2021 to April 2022) in order to 
evaluate the rate of E. coli resistance to the 
chosen antimicrobial agents. 

Limitations: Being a retrospective study 
and record based study may affect the quali-
ty of the collected data, and we cannot cal-
culate the incidence and cannot prove. As a 
single city study, may limit the generaliza-
bility of the results. in other Libyan cities.  

CONCLUSION 

In Libya's Al-Bayda, during the COVID-19 
pandemic, the following antibiotics had the 
highest antimicrobial resistance patterns: 
ceftriaxone, TMP-SMZ, amoxicillin + 
clavulanic acid, and ciprofloxacin, in that 
order. While levofloxacin and nitrofurantoin 
were the antibiotics with the highest sensi-
tivity, age is a significant determinant of 
antimicrobial sensitivity patterns in E. coli 
urine isolates, while sex is only a significant 
determinant of antimicrobial sensitivity pat-
terns in the TMP-SMZ, ceftriaxone, and ni-
trofurantoin treatments. Antibiotic re-
sistance in UPEC is a severe concern in 
Libya that requires immediate attention 
from health officials. 

RECOMMENDATIONS 

1. The results of the current study demon-
strates clearly that the problem of antibiotic 
resistance in E. coli treatment in Libya is a 

very serious problem that needs urgent  at-
tention by the health authorities. 
2.For setting up a basis for clinical treat-
ment of E. coli infections, readily available 
data (Antibiogram profiling) on antibiotic 
resistance patterns from annual reports of 
clinical laboratories should be used for the 
choice of appropriate antimicrobial therapy 
in patients with suspected UTI. 
3.Alternatives to the commonly used anti-
microbial for the treatment of UTI in Libya 
should be considered, particularly those 
with high resistance (ceftriaxone, TMP-
SMZ and Amoxicillin + Clavulanic acid). 
Thus, selection of  appropriate antibiotics 
for the UTIs  should start after establishing 
monitoring systems based on antibiotic sus-
ceptibility pattern of the causative isolate 
obtained (Karam et al., 2019; Sifaw 
Ghenghesh, 2003).  
4.Further multicenter, and prospective re-
search should be conducted either on the E. 
coli or other types of bacteria on a regular 
basis.  
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Abstract: The genetic diversity of wild thyme (Thymus capitatus) which growing  in 
southern parts of Al-Jabal Al-Akhdar region, Libya was studied by using cluster anal-
ysis of morphological traits (flower measurements). This study was aimed to establish 
the phylogenetic relationships based on floral parameters among accessions of thyme 
(T.capitatus). The five populations (accessions) of Libyan thyme were assigned into 
two clusters (clades) at the critical distance value of 22%. The 1stcluster  contained 
three populations that were included white-flowered, dotted white-flowered and violet-
flowered accession, then the 1st cluster was divided into two sub-clusters by the critical 
distance value of 5%, the first sub-cluster contained two populations (white-flowered, 
dotted white-flowered accession). While, the second sub-cluster contained one popula-
tion (violet-flowered accession). The 2nd cluster contained two populations which were 
purple-flowered and mosaic-flowered accessions. In conclusion, The flower measure-
ments can be a preliminary tool to classify Libyan thyme (T.capitatus), and  floral pa-
rameters can be used in the classification of Libyan thyme accessions (populations). 
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 ) المستنتج من الصفات المورفولوجیةThymus capitatusالتحلیل الوراثي للزعتر اللیبي (
ـة  :  الكلمات المفتاحی

 الزعتر؛ 
 الزعتر البري؛

ـفات  ـ ـ ـ ـ ـ ـ ـ الص
 المورفولوجیة؛

 قیاسات الزهرة؛
 التحلیل العنقودي؛

 .التنوع الجیني

 

ـالأجزاء    ،(Thymus capitatus) التباین الوراثي لنبات الزعتر البري تم دراسة المستخلص : ـو ب والذي ینم
ـرة).   الجنوبیة لمنطقة الجبل الأخضر، في لیبیا باستخدام التحلیل العنقودي لصفات المورفولوجیة (قیاسات الزه

ـات ا         ـة لنب ـفات الزهری ـى الص ـة عل ـة القائم ـات التطوری ـد العلاق ـر تهدف هذه الدراسة إلى تحدی  لزعت
(T.capitatus).  ـافة عدد خمسة عشائر طبیعیة لنبات الزعتر اللیبي حددت في عنقودین (فرعین) عند قیمة مس

ـاء    22تباعدیه  ـات بیض ـیرة النبات % . العنقود الأول شمل ثلاثة عشائر: عشیرة النباتات بیضاء الأزهار وعش
ـات    الأزهار المنقطة وعشیرة النباتات بنفسجیة الأزهار. العنقود ال ـیرة النبات ـیرتین: عش ثاني احتوي على عش

ـت     ـي تح ـود الأول إل أرجوانیة الأزهار وعشیرة النباتات مزركشة الأزهار. علاوة على ذلك، فقد انقسم العنق
ـة،   عنقودین: الأول شمل عشیرتین هما عشیرة النباتات بیضاء الأزهار وعشیرة النباتات بیضاء الأزهار المنقط

ـات  والثاني احتوي على عشیر ة واحدة وهي عشیرة النباتات بنفسجیة الأزهار. في الختام ، یمكن أن تكون قیاس
ـر   (T.capitatus) الزهور أداة أولیة لتصنیف الزعتر اللیبي ، ویمكن استخدام الصفات الزهریة في نبات الزعت

 .للتعریف والتفریق بینهم

INTRODUCTION 

Since the time of Darwin, systematists have 
attempted to reconstruct phylogenies by look-
ing at the distributions of character states in 
organisms. In general they have assumed that 
those organisms with more character states in 
common are more closely related and that  

 
overall similarity should reflect genealogy 
(Baker et al., 1998; Coombs et al., 1981; 
Duncan et al., 1980; Hennig, 1966). A major 
goal in systematic biology is to examine the 
relationships among a group of closely relat-
ed organisms to determine their evolutionary 
history (Manos et al., 2001). A phylogenetic 
tree, also called an evolutionary tree, is a 

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.978&amp;domain=pdf&amp;date_stamp=2008-08-14
https://omu.edu.ly/journals/index.php/mjsc/index
https://doi.org/10.54172/mjsc.v37i4.978
mailto:Hussaen.mohammad@omu.edu.ly
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.978&amp;domain=pdf&amp;date_stamp=2008-08-14
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.978&amp;domain=pdf&amp;date_stamp=2008-08-14
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graph showing the evolutionary interrelation-
ships among various entities that are believed 
to have a common ancestor. In this graph (a 
form of a cladogram), each node with de-
scendants represents the most recent common 
ancestor of the descendants, and edge lengths 
correspond to time estimates  (Ali and Musta-
fa, 2020).  Traditional phylogenetic methods 
rely on morphological data obtained by 
measuring and quantifying the phenotypic 
properties of representative organisms 
(Lewis, 2001). 

Many biologists agree that a phylogenetic 
tree of relationships should be the central un-
derpinning of research in many areas of biol-
ogy. Comparisons within or among plant spe-
cies in a phylogenetic context can provide the 
most meaningful insights into biology. This 
important realization is now apparent to re-
searchers in diverse fields, including ecology, 
molecular biology, physiology and evolution 
(Crane, 1985; Daly et al., 2001; Doyle & 
Donoghue, 1986; Doyle et al., 2008; Hall et 
al., 2002; Leht, 2009; Soltis & Soltis, 2000). 
One obvious importance is the value of plac-
ing organism in the appropriate phylogenetic 
context to obtain a better understanding of 
both patterns and processes of evolution. The 
most popular and frequently used methods of 
phylogenetics tree building is the un-
weighted pair group method with arithmetic 
mean (UPGMA). This method is simple, fast 
and has been extensively used in many stud-
ies to investigate genetic distance among 
populations or accessions determined by 
morphological traits (Doyle, 2013; Lewis, 
2001); Ali and Mustafa; 2020). 

Phenotypic characters have been and contin-
ue to be used as essential components in the 
final classification of living organisms. Till 
today, morphological characters have been 
the main descriptive tool characterize a given 
collection or germplasm, to identify and dif-
ferentiate wild type populations (Ali et al., 
2019; Daly et al., 2001; Doyle, 2013; Doyle 
& Endress, 2000; Doyle & Luckow, 2003; 
Ennouri et al., 2017; Schneider et al., 2009; 

Soltis & Soltis, 2003). Phylogenetic analyses 
based on phenotypic characters have been 
used to identify phylogenetic relationships in 
various plant species, including ferns 
(Kenrick & Crane, 1997), morning glory 
(Manos et al., 2001), peonies (Zhi-Qin & 
Pankai-Yu, 2003), corallinoidean taxa (Kim 
et al., 2007). Also, the genetic distance as 
well as genetic variation among accessions 
can be determined by using cluster analysis 
based on phenotypic traits (Hillis & Wiens, 
2000; Wiens, 2004). 

Thyme(T.capitatus) is a perennial woody 
plant, 15 cm tall, with abundant stoloniferous 
branches. The inflorescences are composed 
of whorls of small, zygomorphic flowers. The 
pollination in T.capitatusisentomophilous, as 
in most T. species. The main pollinators are 
Apismellifera and some species of Bombus. 
T.capitatus is gynodioecious, as for most 
species of T.(Ali et al., 2019; Gruenwald et 
al., 2004). Many reports have shown that 
T.capitatus possesses biological properties: 
antimicrobial activity (Alves et al., 2000; 
Bounatirou et al., 2007; Ebrahimi et al., 
2008), antifungal activity (Grayer & 
Harborne, 1994; Kalemba & Kunicka, 2003; 
Ricci et al., 2005) and antioxidant activity  
(Bounatirou et al., 2007; Ricci et al., 2005); 
Al-mustafa and Al-thunibat, 2008). Moreo-
ver, the honey from T.capitatus flowers is 
largely appreciated for its delicacy 
(Figueiredo et al., 2008). 

Thymus capitatus is an endemic wild plant in 
Al-Jabal Al-khdar area, Libya (SWECO, 
1986). T. capitatus growing in southern parts 
of Al-Jabal Al-khdar showed flower color 
polymorphism which results in five different 
phenotypes: white- flowered, dotted white-
flowered, purple-flowered, violet-flowered 
and mosaic-flowered accessions (Ali et al., 
2019). 

The main objective of this study was to estab-
lish the phylogenetic relationships based on 
floral parameters among accessions of thyme 
(T.capitatus) which growing in southern parts 
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of Al-Jabal Al-khdar region, Libya. 

MATERIALS AND METHODS 

T.capitatus growing in south parts of Al-
Jabal Al-khdar region has shown a stable 
flower-color polymorphism (Fig. 1). There 
are five patterns (five populations or acces-
sions): white-flowered, dotted white-
flowered, purple-flowered, violet-flowered 
and mosaic-flowered plants (Ali et al., 
2019).In this investigation, 5 accessions 
(populations) of T.capitatus representing the 
diversity of thyme, were collected during 
flowering period (from mid June to the end of 
July) from different sites in Al-Jabal Al-
khdar region, Libya . For each population, 10 
individual plants were selected randomly. For 
each plant, five floral measurements were 
made on 5 healthy flowers. The total length 
of flower, stamen length, style length, calyx 
length were measured using mm scale. The 
ratio between the calyx length and the total 
length of flower is determined as the percent 
value . 

Means and standard deviations were calculat-
ed according to standard methods (Manly, 
1986); Ali and Mustafa; 2020). The data ma-
trix was converted into a matrix of dissimilar-
ity values using standard methods (Coombs 
et al., 1981; Lewis, 2001; Wiens, 2004). Un-
weighted pair-group method using an arith-
metic average (UPGMA) cluster analysis was 
performed. The standardized mean values of 
every floral trait were used to perform the 
cluster analysis using appropriate procedures 
of the program SPSS (version 14). During 
tree construction process, all measurements 
of flower for five populations were unordered 
and equally weighted, with multi-states inter-
preted as uncertainty. 

RESULTS 

Name accessions (populations) and means of 
floral traits (flower measurements) of Libyan 
thyme (T.capitatus) were presented in Table 
1. Flower measurements were flower length 

(ranged between 6.38 and 3.31 mm), Calyx 
length (ranged between 2.40 and 1.08 mm), 
Stamen length (ranged between 4.65 and 
3.41mm), Style length (ranged between 5.37 
and 4.20 mm) and Calyx/ flower length 
(ranged between 0.58 and 0.19 %). 

Based on average values of floral traits 
(flower measurements), the five populations 
of Libyan thyme (T.capitatus) were classified 
into two clusters (clades) at the critical dis-
tance value of 22%, the 1st cluster (the early 
or medium-flowering cluster) and the 2nd 
cluster (the late flowering cluster). The 1st 
cluster (the early or medium-flowering clus-
ter) contained three populations that were: 
white-flowered, dotted white-flowered and 
violet-flowered accession. Furthermore, the 
1st cluster was divided into two sub-clusters 
by the critical distance value of 5%, the first 
sub-cluster contained two populations (white-
flowered, dotted white-flowered accession) 
while the second sub-cluster contained one 
population (violet-flowered accession). On 
the other hand, the 2nd cluster (the late flow-
ering cluster) contained two populations 
which were purple-flowered and mosaic-
flowered accessions (Table 1 and Fig. 2). 

Results of the present study showed that, 
there were a closer relationship between 
white-flowered and dotted white-flowered 
population than between either of them and 
any other populations of T.capitatus. These 
two populations first formed their own mon-
ophyletic group, and then together formed a 
monophyletic clade with violet-flowered 
population. In addition, purple-flowered and 
mosaic-flowered formed a monophyletic 
group, which was then joined by other 
thyme's populations. 

In this study, the accessions that have large 
flowers size, were grouped into early or me-
dium-blooming cluster, while the accessions 
that have small flowers size were clustered 
into late or medium- blooming cluster, based 
on floral traits cluster analysis.  
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Figure: (1).Flower color polymorphism in Libyan 
thyme (T.capitatus): 
(a) white- flower (b) dotted-white flower (c) purple 
flower  (d) violet-flower and (e) mosaic-flower. 

 

Figure: (2).Dendrogram for five accessions of Libyan 
thyme (T.capitatus) by floral traits data. 

Table:(1). Means of floral traits (flower measurements) of the five accessions Libyan thyme (T.capitatus) 

Means of floral measurements Blooming 
time 

Accessions  
(Populations) Calyx / flower 

length (%) 
Style length 
(mm) 

Stamen 
length (mm) 

Calyx length 
(mm) 

Flower 
length (mm) 

.19 4.46 3.41 1.08 5.83 Early White-flowered 

0.22 4.20 3.55 1.26 5.65 Early Dotted white-
flowered 

0.64 4.86 4.33 2.13 3.31 Late Purple-flowered 
0.24 5.37 4.56 1.54 6.38 Medium Violet-flowered 
0.58 4.53 4.65 2.40 4.15 Late Mosaic-flowered 

Table:(2). Distance matrix of the Libyan thyme (T.capitatus) populations. 

Populations 
 White Dotted white Violet Purple Mosaic 
White 0.00 0.33 1.30 23.45 18.31 
Dotted white 0.33 0.00 1.67 18.93 14.79 
Violet 1.30 1.67 0.00 25.35 17.25 
Purple 23.45 18.93 25.35 0.00 2.51 
Mosaic 18.31 14.79 17.25 2.51 0.00 

DISCUSSION 

The current study indicated that flower 
measurements (morphological characters) 
can generate a well-supported phylogenetic 
tree for Libyan thyme (T.capitatus). These 
results are in agreement with several stud-
ies, which demonstrated that morphological 
characters are informative for phylogenetic 
studies (Kenrick & Crane, 1997; Renzaglia 
et al., 2007; Schneider et al., 2002); Ali and  

 
Mustafa, 2020). It is common for morpho-
logical data to be considered less important 
than DNA sequence data in phylogenetic 
studies (Bowe et al., 2000; Endress & 
Igersheim, 2000). However, morphological 
characters (such as flower measurements) 
differ substantially from DNA sequence 
characters in their complexity and their fre-
quency of evolutionary change. Many mor-
phological characters including floral pa-
rameters show a much lower mutational rate 
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than DNA sequence and thus may be less 
prone to problems such as saturation 
(Cracraft & Donoghue, 2004; Donoghue & 
Yang, 2016; Endress & Doyle, 2009; Hillis 
& Wiens, 2000). Therefore, some phenotyp-
ic parameters are likely to be ideal phyloge-
netic characters because they allow us to 
identify single evolutionary events 
(Bateman et al., 2006; Lee & Palci, 2015; 
Mathews, 2009). 

Moreover the results showed that phyloge-
netic analysis using floral parameters is an 
easy, inexpensive, useful and powerful ap-
proach in taxonomic purposes. Several pre-
vious studies demonstrated that phenotypic 
parameters were reasonable tool to build 
phylogenetic tree for many plant species 
(Doyle et al., 2008; Giribet, 2015; Hall et 
al., 2002; Lewis, 2001); Ali and Mustafa, 
2020).  

In this study, all of the large flower size ac-
cessions (populations) were grouped into 
early or medium-blooming cluster, while 
the small flower size accessions were 
grouped into late blooming cluster, based on 
flower measurement cluster analysis. In ad-
dition, the violet-flowered accession was 
assigned into unique sub- cluster. It can be 
suggested that floral parameter analysis is a 
useful tool in studying the difference in eco-
logical type. Therefore, morphological trait 
analysis (such as flower measurements) may 
be helpful to identify patterns of combina-
tions between the diverse ecological type 
variety groups (Ali et al., 2019; Doyle, 
2013; Schneider et al., 2009). 

The current results indicate that flower 
measurements (morphological characters) 
can be a preliminary tool to classify Libyan 
thyme (T.capitatus).Moreover, the present 
research has revealed that floral parameters 
can be used in the classification of Libyan 
thyme accessions (populations). This result 
was confirmed by other researches which 
reported that the morphological characters 
have an important role in the classification 

and identification for many species (Doyle, 
2013; Manos et al., 2001; Zhi-Qin & 
Pankai-Yu, 2003); Ali and Mustafa, 2020). 

The result of our cladistic analysis indicates 
that The success of a phylogenetic analysis 
depends upon the discovery of character 
sets that provide accurate information. This 
result was confirmed by other researches 
which reported that many character sets are 
molecular but the value of morphological 
data to reconstruct phylogenetic relation-
ships was reasonable tool to build phyloge-
netic tree for many plant species (Davis et 
al., 1998; Doyle, 2013; Ennouri et al., 2017; 
Hu et al., 2018; Wiens, 2004; Wodniok et 
al., 2011); Bremer et. al., 2009). 

Phylogenetic tree based on morphological 
characters was also reported in other plant 
species like apple (Forte et al., 2002), 
Theaceae (Luna & Ochoterena, 2004), vicia  
(Leht, 2009) and olive (Ali and Mustafa, 
2020). However, the phylogenetic tree 
based on morphological data could not re-
veal the genetic relationship among culti-
vars adequately (Keating et al., 2020; 
Lewis, 2001; Soreng et al., 2017). Further-
more, the morphological variation does not 
always reflect real genetic variation because 
of genotype-environment interaction and the 
largely unknown genetic control of polygen-
ic morphological and agronomic traits (Ali 
et al., 2019; Ayed et al., 2015; Doyle, 2013; 
Wiens, 2004).  

CONCLUSION 

By using cluster analysis of morphological 
traits (flower measurements) for five natural 
populations Thymus capitatus (accessions) 
were assign into two clusters. The 1stcluster 
contained three populations that were white-
flowered, dotted white-flowered and violet-
flowered accession. Furthermore, the 1st 
cluster was divided into two sub-clusters 
distance value the first sub-cluster contained 
two populations (white-flowered, dotted 
white-flowered accession) while the second 



Al-Mukhtar Journal of Sciences 37 (4): 385-393, 2022 
 

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 
390 

sub-cluster contained one population (vio-
let-flowered accession). On the other hand, 
the 2nd cluster contained two populations 
which were purple-flowered and mosaic-
flowered accessions 

Duality of interest: The authors declare that 
they have  no duality of interest associated 
with this manuscript. 

Author contributions:, Ali Contributed data, 
Performed the analysis; Ali and Mustafa 
Drafting the manuscript; Mustafa Conceived 
& design of the study, Collected the data; Ali, 
Mustafa and Omar Performed the analysis; 
Both Mustafa and Omar approval of the final 
version of the manuscript. 

Funding: The authors do not have funding 
for the work reported in their manuscript. 

REFERENCES 

Ali, E. S., Mustafa, H. M., & Blkasem, K. A. 
O. (2019). Morphological variation of 
Libyan carob (Ceratonia siliqua L.). 
Al-Mukhtar Journal of Sciences, 
34(2), 126-133 . 

 
Alves, T. M. d. A., Silva, A. F., Brandão, M., 

Grandi, T. S. M., Smânia, E. d. F. A ،.
Smânia Júnior, A., & Zani, C. L. 
(2000). Biological screening of 
Brazilian medicinal plants. Memórias 
do Instituto Oswaldo Cruz, 95, 367-
373 . 

 
Ayed, R. B., Ennouri, K., Hassen, H. B., 

Triki, M., & Rebai, A. (2015). 
Comparison between DNA-based, 
pomological and chemical markers 
accomplished by bioinformatic tools 
to distinguish within Tunisian olive 
cultivars. Journal of Fundamental and 
Applied Sciences, 7(3), 408-421 . 

 
Baker, R. H., Yu, X., & DeSalle, R. (1998). 

Assessing the relative contribution of 
molecular and morphological 

characters in simultaneous analysis 
trees. Molecular Phylogenetics and 
Evolution, 9(3), 427-436 . 

 
Bateman, R. M., Hilton, J., & Rudall, P. J. 

(2006). Morphological and molecular 
phylogenetic context of the 
angiosperms: contrasting the ‘top-
down’and ‘bottom-up’approaches 
used to infer the likely characteristics 
of the first flowers. Journal of 
Experimental Botany, 57(13), 3471-
3503 . 

 
Bounatirou, S., Smiti, S., Miguel, M. G., 

Faleiro, L., Rejeb, M., Neffati, M., 
Costa, M., Figueiredo, A., Barroso, J., 
& Pedro, L. (2007). Chemical 
composition, antioxidant and 
antibacterial activities of the essential 
oils isolated from Tunisian Thymus 
capitatus Hoff. et Link. Food 
chemistry, 105(1), 146-155 . 

 
Bowe, L. M., Coat, G., & DePamphilis ،C. W. 

(2000). Phylogeny of seed plants 
based on all three genomic 
compartments: extant gymnosperms 
are monophyletic and Gnetales' closest 
relatives are conifers. Proceedings of 
the National Academy of Sciences, 
97(8), 4092-4097 . 

 
Coombs, E. A., Donoghue, M. J., & 

McGinley, R. J. (1981). Characters, 
computers, and cladograms: A review 
of the Berkeley cladistics workshop. 
Systematic Botany, 359-372 . 

 
Cracraft, J., & Donoghue, M. J. (2004). 

Charting the tree of life. Assembling 
the Tree of Life, 1-4 . 

 
Crane, P. R. (1985). Phylogenetic analysis of 

seed plants and the origin of 
angiosperms. Annals of the Missouri 
Botanical Garden, 716-793 . 

 



Al-Mukhtar Journal of Sciences 37 (4): 385-393, 2022 
 

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 
391 

Daly, D. C., Cameron, K. M., & Stevenson, 
D. W. (2001). Plant systematics in the 
age of genomics. Plant physiology ، 

127)4 ،(1328-1333 .  
 
Davis, J. I., Simmons, M. P., Stevenson, D. 

W., & Wendel, J. F. (1998). Data 
decisiveness, data quality, and 
incongruence in phylogenetic analysis: 
an example from the monocotyledons 
using mitochondrial atp A sequences. 
Systematic Biology, 47(2), 282-310 . 

 
Donoghue, P. C., & Yang, Z. (2016). The 

evolution of methods for establishing 
evolutionary timescales. Philosophical 
Transactions of the Royal Society B: 
Biological Sciences, 371(1699), 
20160020 . 

 
Doyle, J. A. (2013). Phylogenetic analyses 

and morphological innovations in land 
plants. Annual Plant Reviews online, 
1-50 . 

 
Doyle, J. A., & Donoghue, M. J. (1986). Seed 

plant phylogeny and the origin of 
angiosperms: an experimental cladistic 
approach. The Botanical Review, 
52(4), 321 -431 .  

 
Doyle, J. A., & Endress, P. K. (2000). 

Morphological phylogenetic analysis 
of basal angiosperms: comparison and 
combination with molecular data. 
International Journal of Plant 
Sciences, 161(S6), S121-S153 . 

 
Doyle, J. A., Endress, P. K., & Upchurch ،G. 

R. (2008). Early Cretaceous 
monocots: a phylogenetic evaluation. 
Sborník Národního muzea v Praze. 
Acta Musei nationalis Pragae, 64(2-
4), 61-87 . 

 
Doyle, J. J., & Luckow, M. A. (2003). The 

rest of the iceberg. Legume diversity 
and evolution in a phylogenetic 

context. Plant physiology, 131(3), 
900-910 . 

 
Duncan, T., Phillips, R. B., & Wagner Jr, W. 

H. (1980). A comparison of branching 
diagrams derived by various phenetic 
and cladistic methods. Systematic 
Botany, 264-293 . 

 
Ebrahimi, S. N., Hadian, J ،.Mirjalili, M., 

Sonboli, A., & Yousefzadi, M. (2008). 
Essential oil composition and 
antibacterial activity of Thymus 
caramanicus at different phenological 
stages. Food chemistry, 110(4), 927-
931 . 

 
Endress, P. K., & Doyle, J. A. (2009). 

Reconstructing the ancestral 
angiosperm flower and its initial 
specializations. American Journal of 
Botany, 96(1), 22-66 . 

 
Endress, P. K., & Igersheim, A. (2000). 

Gynoecium structure and evolution in 
basal angiosperms. International 
Journal of Plant Sciences, 161(S6), 
S211-S223 . 

 
Ennouri, K., Rayda, B., Ercisli, S., Fathi, B., 

& Triki, M. A. (2017). Evaluation of 
variability in Tunisian Olea europaea 
L. accessions using morphological 
characters and computational 
approaches. Notulae Botanicae Horti 
Agrobotanici Cluj-Napoca  ،45)1 ،(

262-269 .  
 
Figueiredo, A. C., Barroso, J. G., Pedro, L. 

G., Salgueiro, L., Miguel, M. G., & 
Faleiro, M. L. (2008). Portuguese 
Thymbra and Thymus species 
volatiles: chemical composition and 
biological activities. Current 
Pharmaceutical Design, 14 )29 ،(3120-
3140 .  

 



Al-Mukhtar Journal of Sciences 37 (4): 385-393, 2022 
 

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 
392 

Forte, A., Ignatov, A., Ponomarenko, V., 
Dorokhov, D., & Savelyev, N. (2002). 
Phylogeny of the Malus (apple tree) 
species, inferred from the 
morphological traits and molecular 
DNA analysis. Russian Journal of 
Genetics, 38(10), 1150-1161 .  

 
Giribet, G. (2015). Morphology should not be 

forgotten in the era of genomics–a 
phylogenetic perspective. 
Zoologischer Anzeiger-A Journal of 
Comparative Zoology, 256, 96-103 . 

 
Grayer, R. J., & Harborne, J. B. (1994). A 

survey of antifungal compounds from 
higher plants, 1982–1993. 
Phytochemistry, 37(1), 19-42 . 

 
Gruenwald, J., Brendler, T., & Jaenicke, C. 

(2004). Physicians Desk Reference 
(PDR) for Herbal Medicines. Thirth 
Edition. Montvale, New Jersey: 
Thomson. Medical Economics 
Company . 

 
Hall, J. C ،.Sytsma, K. J., & Iltis, H. H. 

(2002). Phylogeny of Capparaceae and 
Brassicaceae based on chloroplast 
sequence data. American Journal of 
Botany, 89(11), 1826-1842 . 

 
Hennig, W. (1966). Phylogenetic systematics. 

Urbana, IL. IL: University of Illinois 
Press.[Google Scholar [ .  

 
Hillis, D., & Wiens, J. (2000). Molecules 

versus morphology in systematics: 
conflicts, artifacts, and 
misconceptions. Phylogenetic analysis 
of morphological data, 1-19 . 

 
Hu, G.-X., Takano, A., Drew, B. T., Liu, E.-

D., Soltis, D. E ،.Soltis, P. S., Peng, 
H., & Xiang, C.-L. (2018). Phylogeny 
and staminal evolution of Salvia 
(Lamiaceae, Nepetoideae) in East 

Asia. Annals of botany, 122(4), 649-
668 . 

 
Kalemba, D., & Kunicka, A. (2003). 

Antibacterial and antifungal properties 
of essential oils. Current medicinal 
chemistry, 10(10), 813-829 . 

 
Keating, J. N., Sansom, R. S., Sutton, M. D., 

Knight, C. G., & Garwood, R. J. 
(2020). Morphological phylogenetics 
evaluated using novel evolutionary 
simulations. Systematic Biology, 
69(5), 897-912 . 

 
Kenrick, P., & Crane, P. R. (1997). The origin 

and early evolution of plants on land. 
Nature, 389(6646), 33-39 . 

 
Kim, J. H., Guiry, M. D., Oak, J. H., Choi, D. 

S., Kang, S. H., Chung, H., & Choi, 
H. G. (2007). Phylogenetic 
relationships within the tribe Janieae 
(Corallinales, Rhodophyta) based on 
molecular and morphological data: a 
reappraisal of Jania 1. Journal of 
phycology, 43(6), 1310-1319 . 

 
Lee, M. S., & Palci, A. (2015). Morphological 

phylogenetics in the genomic age. 
Current Biology, 25(19), R922-R929 . 

 
Leht, M. (2009). Phylogenetics of Vicia 

(Fabaceae) based on morphological 
data. Feddes Repertorium, 120(7‐8), 
379-393 . 

 
Lewis, P. O. (2001). A likelihood approach to 

estimating phylogeny from discrete 
morphological character data. 
Systematic Biology, 50(6), 913-925 . 

 
Luna, I., & Ochoterena, H. (2004). 

Phylogenetic relationships of the 
genera of Theaceae based on 
morphology. Cladistics, 20(3), 223-
270 . 

 



Al-Mukhtar Journal of Sciences 37 (4): 385-393, 2022 
 

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 
393 

Manly, B. F. (1986). Randomization and 
regression methods for testing for 
associations with geographical, 
environmental and biological 
distances between populations. 
Researches on Population Ecology, 
28(2), 201-218 . 

 
Manos, P. S., Miller, R. E., & Wilkin, P. 

(2001). Phylogenetic analysis of 
Ipomoea, Argyreia, Stictocardia, and 
Turbina suggests a generalized model 
of morphological evolution in 
morning glories. Systematic Botany, 
26(3), 585-602 . 

 
Mathews, S. (2009). Phylogenetic 

relationships among seed plants: 
persistent questions and the limits of 
molecular data. American Journal of 
Botany, 96 )1 ،(228-236 .  

 
Renzaglia, K. S., Schuette, S., Duff, R. J., 

Ligrone, R., Shaw, A. J., Mishler, B. 
D., & Duckett, J. G. (2007). 
Bryophyte phylogeny: advancing the 
molecular and morphological 
frontiers. The bryologist, 179-213 . 

 
Ricci, D., Fraternale, D ،.Giamperi, L., 

Bucchini, A., Epifano, F., Burini, G., 
& Curini, M. (2005). Chemical 
composition, antimicrobial and 
antioxidant activity of the essential oil 
of Teucrium marum (Lamiaceae). 
Journal of ethnopharmacology, 98(1-
2), 195-200 . 

 
Schneider, H., Pryer, K. M., Cranfill, R., 

Smith, A., & Wolf, P. (2002). 
Evolution of vascular plant body 
plans: a phylogenetic perspective. 
Developmental genetics and plant 
evolution, 330-364 . 

 
Schneider, H., Smith, A. R., & Pryer, K. M. 

(2009). Is morphology really at odds 
with molecules in estimating fern 

phylogeny? Systematic Botany, 34(3), 
455-475 . 

 
Soltis, D. E., & Soltis, P. S. (2003). The role 

of phylogenetics in comparative 
genetics. Plant physiology, 132(4), 
1790-1800 . 

 
Soltis, E. D., & Soltis, P. S. (2000 .(

Contributions of plant molecular 
systematics to studies of molecular 
evolution. Plant Molecular Biology, 
42(1), 45-75 . 

 
Soreng, R. J., Peterson, P. M., Romaschenko, 

K., Davidse, G., Teisher, J. K., Clark, 
L. G., Barberá, P., Gillespie, L. J., & 
Zuloaga ،F. O. (2017). A worldwide 
phylogenetic classification of the 
Poaceae (Gramineae) II: An update 
and a comparison of two 2015 
classifications. Journal of Systematics 
and evolution, 55(4), 259-290 . 

 
Wiens, J. J. (2004). The role of morphological 

data in phylogeny reconstruction. 
Systematic Biology, 53(4), 653-661 . 

 
Wodniok, S., Brinkmann, H., Glöckner, G., 

Heidel, A. J., Philippe, H., Melkonian, 
M., & Becker, B. (2011). Origin of 
land plants: do conjugating green 
algae hold the key? BMC Evolutionary 
Biology, 11(1), 1-10 . 

 
Zhi-Qin, Z., & Pankai-Yu, H.-Y. (2003). 

Phylogenetic analyses of Paeonia 
section Moutan (treepeonies, 
Paeoniaceae) based on morphological 
data. Journal of Systematics and 
evolution, 41(5), 436 . 

 
 



Al-Mukhtar Journal of Sciences 37 (4): 394-404, 2022 
                                         ISSN:  online 2617-2186  print 2617-2178 
                                        Journal Homepage https://omu.edu.ly/journals/index.php/mjsc/index 
                                        Doi: https://doi.org/10.54172/mjsc.v37i4.990 

 
 

*Corresponding author: Attia Alsanousi: attia.alsanousi@omu.edu.ly, Department of Forests and Rangelands, Faculty of Natural Resources and 
Environmental Sciences, Omar Al-Mukhtar University. Libya. 

394 

Prevalence and Distribution of Pine Processionary Moth  
(Thaumetopoea pityocampa) in Shahat’s Aleppo Pine (Pinus halepensis)  

Plantations, Al-JabalAl-Akhdar, Libya 

Attia A Alsanousi 1* and Younes Hamad-Sheip 2 

1 Department of Forests and Rangelands, Faculty of Natural Resources and Environmental Sciences,  
Omar Al-Mukhtar University. 2 Department of Natural Resources, Faculty of Natural Resources and  

Environmental Sciences,  University of Derna. Al-Gubah - Libya. 
 
ARTICLE 
HISTORY 

Received:  
17 Augusta 2022 

Accepted:  
03 October 2022 

Abstract: The current study aims at investigating the spatial distribution of  pine proces-
sionary moth (PPM) in parts of Al-Jabal Al-Akhdar region in Libya (in Shahat area). 
Two Pinus halepensis stands in the area (in Al-Mansurra and the ancient city of Cyrene) 
were chosen for field data collection. Growth parameters for pine trees including; tree 
height, crown height, diameter at breast height, stand density level, location within the 
stand, health condition, in addition to the observed number of PPM nests per tree were 
recorded. Pearson correlation coefficient analysis and variance analysis were applied to 
assess the relationship between obtained variables, and evaluate growth conditions for 
both stands. Results revealed relatively better growth conditions at Al-Mansurra site 
compared to Cyrene site. Moreover, PPM nests occurrence was positively correlated 
with trees growing isolated or on the stand edge (r = 0.54, P value <.001), and negatively 
correlated with tree height (r = - 0.4, P value <.001) emphasizing more dispersal rate 
among young pine trees. Crown height, dbh, and tree’s health condition showed no sig-
nificant effect on PPM spread in the area. In-depth investigations of the population dy-
namics of PPM are highly recommended to provide insights into their spatial distribu-
tion in the region.     

Keywords: 
Pine proces-
sionary PPM, 
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ـي    وتوزیعها )Thaumetopoea pityocampa( نتشار فراشة جادوب الصنوبرا ـنوبر الحلب ـجرات الص  Pinus(في مش
halepensis ( ات، الجبل الأخضر، لیبیامنطقة شحَّفي 

ـة  :  الكلمات المفتاحی
ــادوب  ـ ــة ج ـ فراش

ـنوبر،   ـ ـ ـ  الص
Thaumetopoea 

pityocampa ،
ـاني،   ـ ـع المك ـ التوزی
ـي ـ ـنوبر الحلب ـ ، الص

 ،شحاتمنطقة 
 ،الجبل الأخضر 
 لیبیا. 

 

في أجزاء من  (PPM) هدف الدراسة الحالیة معرفة التوزیع المكاني لفراشة جادوب الصنوبرستت المستخلص : 
رین للصنوبر الحلبي في المنطقة (قریة مشجَّ تم إختیارا في منطقة شحات). لیبیا (تحدید�في منطقة الجبل الأخضر 

ـا    في المنصورة وموقع المدینة الأثریة ـنوبر بم شحات) لإجراء الدراسات الحقلیة. خصائص النمو لأشجار الص
ـمن   وكثافة المشجر، و ، القطر عند مستوى الصدرورتفاع التاج، وارتفاع الأشجار، افیها:  ـجار ض موقع الأش

ـتُخدم  لكل شجرة تم تسجیلها.  PPM عدد أعشاش آفة فضلًا عنالحالة الصحیة، والمشجر،  ـل  اس ـاط  امعام رتب
ـجرین.    بیارس ـلا المش ـو لك ـائج ون وتحلیل التباین لتقییم العلاقة بین البیانات المعطاة، ولتقییم ظروف النم  النت

ـجر    -ما حدٍّإلى  -أوضحت ـودة بمش وجود ظروف نمو أفضل لمشجر المنصورة مقارنة بظروف النمو الموج
ـع   اوانتشارها  PPM النتائج أن وجود أعشاش آفةكما أوضحت الموقع الأثري بشحات.  ـابي م رتبط بشكل إیج

وبشكل سلبي مع  (r = 0.54 P value <.001) الأشجار النامیة بصورة معزولة أو موجودة على حافة المشجر
ـجار     ایدل على وجود معدلات  وهذا (r = - 0.4, P value <.001) رتفاع الأشجارا ـین الأش ـى ب ـار أعل نتش

ـجار أي   القطر ورتفاع التاج، ال بیانات الصغیرة في العمر. لم تسجِّ ـحیة للأش عند مستوى الصدر، والحالة الص
ـة    في منطقة الدراسة. ی� PPM نتشار آفةاتأثیر معنوي على  ـن دینامیكی ـلة ع نصح بشدة بإجراء دراسات مفص

 لمعرفة المزید عن سلوكها وتوزیعها المكاني في المنطقة.  ؛وسلوك مجتمعات آفة جادوب الصنوبر
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INTRODUCTION 

The pine processionary moth (PPM) 
Thaumetopoea pityocampa (Denis & Schiff-
ermüller)(Lepidoptera, Thaumetopoeidae) is 
one of the most harmful pests to conifer spe-
cies in the world (Kesdek et al., 2020; Otsu et 
al., 2018; Sevim et al., 2010), and one of the 
main pine defoliators in the Mediterranean 
region (Camarero et al., 2022; Devkota & 
Schmidt, 1990; Régolini et al., 2014; Sangüe-
sa-Barreda et al., 2014). PPM distribution is 
usually controlled by the significant drop in 
temperature during winter seasons (Battisti et 
al., 2005). However, evidences were docu-
mented for the expansion of PPM in the up-
per northward of the Mediterranean as a con-
sequence of climate change (Battisti et al., 
2005; Robinet et al., 2007; Rosenzweig et al., 
2007). This pest causes severe damage 
throughout the autumn, but especially in the 
winter when larvae feed on pine needles 
(Castagneyrol et al., 2014). By that time, they 
can be easily distinguished on pine trees with 
conspicuous white silky nests on the upper 
and lower branches that face the sunlight. 
They feed mostly during nighttime and hide 
in their nests during daytime away from their 
natural predators (Huchon & Demolin, 1970). 
Even when the percentage of defoliation is 
relatively low, PPM outbreak might decrease 
the annual growth rate of infected trees in the 
short term and interrupt the growth of newly 
emerging saplings (Hódar et al., 2003; 
Jacquet et al., 2013; Jacquet et al., 2012). The 
severe defoliation caused by PPM as well as 
other abiotic agents may have a negative im-
pact on the economic value of pine stands 
(Sangüesa-Barreda et al., 2014). Furthermore, 
it may increase the susceptibility to other 
pine pests such as bark and wood boring bee-
tles (Masutti & Battisti, 1990; Zamoum, 
2002). In spring, caterpillars make a head-to-
tail procession in which they march down 
from the crown of trees to bury themselves 
into selected sunny exposed soils for pupa-
tion. They remain buried until the moth’s 
emergence in the next summer or for a longer 
time in what is known as “semi-voltine cy-

cle” (Martin et al., 2021) where they stay for 
prolonged pupal diapause for one or more 
years. The emergence of an adult moth oc-
curs in summer, and the life cycle continues 
after reproduction when the short-lived fe-
male moth searches for a prospective host 
tree for oviposition (Castagneyrol et al., 
2014). Besides the severe defoliation effect, 
the urticating hairs “setae” which PPM cater-
pillars release as a defensive mechanism 
might lead to serious allergic reactions in 
humans and animals such as dermatitis and 
anaphylactic reactions (Moneo et al., 2015; 
Vega et al., 2003).  

As a Mediterranean basin country, the distri-
bution of pine processionary moth in Libya 
was briefly described in literature (El 
Mokhefi et al., 2016; Kerdelhué et al., 2009; 
N Avtzis et al., 2016) with limited sufficient 
details regarding their distributional range 
and current outbreak status. (Kerdelhué et al., 
2009) classified the PPM found in Cyrenaica 
into one of the sub-clades derived from the 
ENA clade. The existing similarities between 
Greek and Libyan mitochondrial DNA haplo-
types might indicate the original source of 
PPM in Greece according to (N Avtzis et al., 
2016).  

The scarcity of information about the origin, 
distribution, and impact of PPM on pine 
trees, in addition to the raised public-health 
awareness due to the approximation of pine 
plantations to urban areas, were among the 
drivers of this work. Therefore, the objectives 
of the current study are set to evaluate the 
distributional range and patterns of PPM in-
festation on pine trees in Shahat area in Al-
Jabal Al-Akhdar region. Moreover, we exam-
ine whether tree height, size, and location 
have an impact on the degree of severity and 
spread of PPM in pine trees in the subjected 
area of study. 

MATERIALS AND METHODS 
The Study Site Description: This study was 
carried out in two pine plantations in Shahat 
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municipality, Al-Jabal Al-Akhdar region in 
eastern Libya (Cyrenaica). The first site is a 
pine plantation in Al-Mansurra town (N= 320. 
83’ 74’’, E= 210. 84’ 14’’), (Altitude = 405m). 
The site was established in 1958 surrounding 
Shahat Hospital of Chest and Respiratory Dis-
eases. It is classified as a pure pine plantation 
(more than 95% of the basal area is P. halepen-
sis) and covers an area of approximately 13 ha. 
The second site is a mixed conifer and broad-
leaf plantation that was established in the early 
1940s during the Italian colonization era in the 
ancient city of Cyrene (N= 320 49’ 12’’, E= 
210 51’ 48’’), (Altitude = 620m). P. halepensis 
compresses the majority of the stocking area 
(around 75% of the total number of species) 
followed by Cupressus empervirens, Eucalyp-
tus camaldulensis, and other evergreen species. 
The forested area around the ancient city of 
Cyrene is estimated to be between 70- 80 ha 
and was established mainly to protect the ar-
chaeological ruins and heritage sites in the city. 
Both study sites are located in one of the most 
humid and cold places in Al-Jabal Al-Akhdar 
region with an average annual precipitation of 
600 mm and an average temperature of 20 C0 
(OMU report, 2005). The predominant soil 
types in the study areas are the red Mediterra-
nean soils of Ferrisiallitic Red (Rhodoxeralfs) 
and shallow calcareous Rendzinas (Rendolls 
Lithic) soils (Mahmoud, 1995). 

Sampling and methodology: Field work for 
this study took place in April 2022 at the later 
instar of larvae phase, right before the proces-
sion started. At each of the study sites, five 
quadrate sampling plots (15x15m) were estab-
lished and measurements were recorded for 
each pine tree included in the study design. The 
parameters measured were as follows; tree 
height (using Silva Clinometer at a fixed dis-
tance from the tree trunk) (Avalos et al., 2005; 
Wright et al., 1997), crown height (the total 
foliar part of the sampled tree using also Silva 
Clinometer), Diameter at breast height (dbh) 
(using diameter tape at 1.3m), presence of PPM 
nests (visual observation), number of total PPM 
nests per sampled tree, and notes of the current 
health status of the sampled tree and its loca-

tion (inside, on the edge, or away from the 
stand centre). Additionally, 3 core samples 
were extracted from three different pine trees 
within each sampling plot using Pressler's in-
crement borer to estimate the average age of 
each site following standard dendrochronologi-
cal procedures (Stokes & Smiley, 1968). 
Among the 10 plots sampled, two plots (one on 
each plantation) were established in young P. 
halepensis stands (less than 10 years old) to 
estimate the infestation percentage among 
young pine cohorts. The young pine stand in 
Al-Mansurra plantation was self-regenerated in 
a protected open area on the site, while the an-
cient city of Cyrene site was established in a 
reforestation project by the City Coordination 
Association (NGO) back in 2013. Data collect-
ed in this project were grouped and extrapolat-
ed to give a better representation of the whole 
study area. Descriptive statistics and graphs 
were generated to illustrate the current stand 
outstanding. 

 Statistical Analysis: Variance analysis 
(ANOVA) was performed and Pearson correla-
tion coefficients were calculated for nest occur-
rences and stand variables of height, crown 
height, dbh, tree location, and health condition 
to investigate the relationship between PPM 
distribution and these growth parameters. All 
statistical analyses were performed using IBM 
SPSS Statistics software 28.0.  

RESULTS 

Current stands condition: As illustrated in 
(Table 1, Fig.1), Al-Mansurra pine plantation 
expands on an area of 13 ha and is classified as 
a pure P. halepensis stand (more than 95% of 
basal area). The average number of trees/ha is 
estimated at around 506.6 tree/ha. Mean tree 
height is 13.2 m, mean crown height is 6.5m, 
and mean diameter at breast height is 38.1 cm. 
In general, the site is in good condition (argua-
bly better than Cyrene site) in terms of density, 
tree height, size, vigour, and health condition. 
Emerging seedlings of pines are observed, 
more concentrated in low-dense and open areas 
since the site is protected against invaders and 
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livestock. PPM is considered the only pest af-
fecting pine trees on the site with no evidence 
of other disturbing biotic agents. 

In the ancient city of Cyrene site, P. halepensis 
is the predominant species with 75% of the ba-
sal area and expands on an area of around 75 
ha. The density of the plantation is relatively 
low compared to Al-Mansurra site with an av-
erage number of trees/ha of 311, mean tree 
height is 12.6 m, mean crown height of 5.6 m, 
and mean diameter at breast height of 33 cm. 
Several biotic and abiotic factors have a deteri-
orative effect on the growth of pine trees on the 

site. For instance, the Mediterranean pine en-
graver beetle (Orthotomicus erosus Wollaston) 
is responsible for the death of many pine trees, 
and combined with PPM outbreak and other 
abiotic agents are causing severe damage re-
sulting in the increasing number of fallen and 
dead logs on the site. Both stands of Al-
Mansurra and Cyrene are classified as unman-
aged stands, where there are no signs of silvi-
cultural treatments or any sort of management 
approaches (thinning, clearcutting, pruning, 
etc.) applied since the establishment date. 

Table (1): Description of current pine status in both sites in the study area. Younger pine cohorts (less than 10 years 
old) in both stands were excluded from the given results 

Plantation 
name Coordinates Altitude(m) 

Percentage of 
P. halepensis 
in the stand 

No of 
trees/ha 

Stand 
age 

Average 
PPM nest 

occurrence 
per tree 

Density 
level 

Stand 
health 

condition 

Al-Mansurra N= 32. 83 
E= 21. 84 400-412 95% 506.6 62 ± 3 3.22 

High 
dense 
stand 

Good 

Cyrene N= 32. 49 
E= 21. 51 560-625 75% 373.3 49 ± 19 3.25 

Moderate 
dense 
stand 

low 

 

Figure (1):  Stand characteristics in both study sites of Cyrene and Al-Mansurra 

T. pityocampa distribution: PPM silky white 
nests were observed on a large scale in both 
plantations (Fig. 3). Descriptive analysis of the 
obtained data showed similar distributional pat-
terns in both sites in the number of nests per 
pine tree (3.25 and 3.22 for Cyrene and Al-

Mansurra sites, respectively). For younger pine 
cohorts, the dispersal of PPM in Cyrene was 
significantly higher than that of Al-Mansurra 
site (4.42 and 2.61 nests per tree, respectively). 
The infection rate of spread differs greatly be-
tween both sites on stand level. In Al-Mansurra 
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site, around 38% of pine trees have at least one 
observed PPM nest while in Cyrene site, on the 
other hand, more than three-quarters of pine 
trees (75%) are affected by PPM outbreak. 
Moreover, younger pine trees in both sites ex-
hibited more PPM nests spread compared to 
older cohorts, with infection percentages of 
100% and 85% for both Al-Mansurra and Cy-
rene sites, respectively. Linear regression and 
bivariate correlation were applied to investigate 
possible relationship between the percentage of 
nest existence and stand parameters such as 
tree height, crown height, diameter at breast 
height, tree location within the stand, and vig-
our condition. The results (Table. 2) suggest a 
significant positive correlation between the 

presence of PPM nests and the tree location 
within the stand (r = 0.54, P value <.001). Pine 
trees on the stand edge or in areas where they 
are exposed to full sunlight are more vulnerable 
to PPM attack, while inside-stand trees have a 
better chance of surviving PPM spread. On the 
contrary, a significant negative correlation was 
found between PPM nest’s presence and the 
height of trees (r = - 0.4, P value <.001), which 
indicates a high infestation rate among young 
and small-size trees compared to dominant and 
co-dominant trees in both stands. No signifi-
cant correlations were found among the effect 
of crown height, diameter at breast height 
(dbh), or vigour condition on nest occurrence 
in pine trees as shown in (Table.2, Fig. 2). 

Table:(2): Descriptive statistics of some of the trees and stand parameters in correlation with PPM occurrence in the 
study area 

Trees parameters in relation to 
PPM nest occurrence Mean Std. Deviation Pearson Correla-

tion Sig. (2tailed) 

Tree height (m) 10.2 4.064 -0.4 <.001 
Crown height (m) 4.14 2.762 -0.1 .323 
Diameter at breast height (cm) 24.42 14.885 -0.18 .069 
Tree location 1.616 0.488 0.54 <.001 
Vigour condition 3.05 0.896 -0.03 .731 

 
Figure (2): Correlation significance between PPM nest occurrence and some of the studied stand variables. 
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Figure (3): (A) shows T. pityocampa spread among young P.halepensis trees. (B) shows T. pityocampa nest a few 
hours before the procession starts. Both images were taken in Cyrene site, Shahat, Libya. 

DISCUSSION 

Despite the limited information available re-
garding the origin and distribution of PPM in 
Libya, this pest has a history of negatively 
affecting the growth of pine trees (mainly P. 
halepensis) in many forested areas in the 
country, especially in Al-Jabal Al-Akhdar re-
gion, where the species is the most favored in 
reforestation projects. The expansion of PPM 
toward higher latitudes and altitudes in areas 
that previously were unaffected by the pest 
(Stastny et al., 2006) as a consequence of cli-
mate change (Battisti et al., 2005; Benigni & 
Battisti, 1999; Goussard et al., 1999; Robinet 
et al., 2007; Rosenzweig et al., 2007) has led 
to more comprehensive studies investigating 
population distributional patterns and infesta-
tion mechanisms of the insect. On the contra-
ry, different distributional patterns and surviv-
ing rates were observed in the southern edge 
of PPM distribution (in North Africa). Cli-
mate warming may contribute to increasing 
mortality rates of the pest’s early life stages in 
Tunisia (Bourougaaoui et al., 2021). Moreo-
ver, PPM nests have disappeared from areas  

 

in the far southern-edge range of Tunisia 
where it was previously proven to exist. One 
of the observed impacts that climate change 
has on PPM populations is the change in the 
usual timing at which larval procession starts 
(Bonsignore et al., 2015). For instance, field 
data for this study took place in April right 
before the start of the larval procession. Usu-
ally, this process happens much earlier in late 
February or early March in the region. How-
ever, the rainy season of this year (2022) last-
ed longer than usual and led to a delay in the 
procession time of this pest. 

PPM outbreak tends to be higher near the for-
est edge or in isolated trees (Démolin, 1969). 
The ideal preference for this best is selecting 
taller and edge-located trees for colonization 
(Démolin, 1969). The findings of this study 
were in parallel with PPM preference, where 
the highest and only positive nest occurrence 
correlation found was with P.halepensis trees 
growing on the stand edge (r = 0.54). Higher 
solar radiation and warmer temperatures 
might be responsible for such observed spatial 
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distributions (Buffo et al., 2007). The density 
level of pine trees in Al-Mansurra site (506.7 
tree/ha) was relatively higher than that of Cy-
rene site (373.3 tree/ha). This might explain 
the higher infestation rate, especially in 
younger pine cohorts, in Cyrene Plantation. 
These results were in agreement with (Geri et 
al., 1985) who found that PPM tent density 
declined with increasing density levels in P. 
nigra and P. sylvestris, and (Régolini et al., 
2014) who reported similar results with P. 
pinaster growing in parts of France. However, 
(Lombardero et al., 2012) found no signifi-
cant impact of thinning on PPM density in 
young P. pinaster stands in Spain. The distri-
bution of PPM was notably higher in younger 
pine trees in both study sites. The percentage 
of PPM nest occurrence was negatively corre-
lated with tree height (r =- 0.4). Observations 
of PPM nests are common among young pine 
trees in the study area as well as in nearby 
places since the species is extensively used in 
reforestation programs, shelter belts, and 
road-sides plantations. These findings were in 
contrast with (Régolini et al., 2014) who re-
ported a significant increase in PPM attack 
with increasing tree height, and (Dulaurent et 
al., 2012) who stated that PPM infestation 
was not common among young P. pinaster 
stands. A long-term outbreak of PPM may 
cause a decrease in both height and size of 
affected trees compared to healthy unaffected 
pine trees (Carus, 2004; Jacquet et al., 2012). 

The expansion of PPM in both natural and 
artificial pine plantations, more specifically 
during the last decade in the study area and 
the whole region of Al-Jabal Al-Akhdar, has 
raised concerns among researchers regarding 
the potentially harmful effect of this pest on 
pine populations. Its vast dispersal among 
young trees might be the trigger for more cau-
tious approaches to prevent its expansion. 
However, scientific works regarding the sub-
ject in the region have not been published so 
far, and this study might highlight the im-
portance of more investigation to be carried 
on. Proper management approaches might be 
a key factor in maintaining stand density at 

beneficial levels to help decrease PPM infes-
tation. The outcome of this work can be ap-
plied to all pine plantations in Al-Jabal Al-
Akhdar region since they are homogeneous 
and share the same growth and climatic con-
ditions. P.halepensis is an important tree spe-
cies in the region (OMU report, 2005; (Al-
sanousi & Ali, 2018), and its ability to survive 
drought and the semi-arid harsh environments 
(Quézel, 2000) makes it the most favourable 
species in afforestation projects (Schiller, 
2000). Indeed, the species compresses more 
than 60% of Libya’s total plantation basal ar-
ea. Maintaining pine stands in the country at 
sustainable and historical levels is essential 
for future conservation approaches. 

CONCLUSION 

T. pityocampa populations were found in 
many of the natural and artificial P.halepensis 
stands in Al-Jabal Al-Akhdar region, in east-
ern Libya. This pest has a long history of af-
fecting pine trees in the study area, although 
no scientific works have documented its dis-
persal and impact on these pine stands. Ecol-
ogists, foresters, and local references declared 
that PPM populations had increased rapidly 
especially during the last decade. Despite that 
the severe defoliation damage of this moth 
has not been observed or documented on a 
large scale in the region, cautious and protec-
tive measures should be applied since the ma-
jority of pine stands in the area are under 
stress either by biotic or abiotic agents. This 
study found a high prevalence of PPM nests 
among isolated and stand-edge pine trees 
compared to inner stand trees. Most of pine 
trees in the region are in pure, moderate to 
low, dense stands which make them more 
susceptible to PPM infestation. Interestingly, 
the most alarming finding in this study is the 
spread of PPM nest among young pine trees 
even those within high-dense stands. This 
may negatively affect the growth of these 
young pine cohorts and threaten their survival 
capability to replace old stands. Practical 
management approaches to sustain and pro-
tect these young stands are needed now more 
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than ever in order to achieve long-term sus-
tainability of P.halepensis stands in the re-
gion. 
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Abstract: The study aimed to know the extent of infection of apple varieties grown in Al-
Jabal Al-Akhdar regions with apple scab disease during the seasons 2018-2019. The re-
sults showed the incidence of the disease was higher in August in Al-Bayda, Shahat, and 
Al-Marj, at a rate of 73, 72, and 61.7%, respectively, while it was higher in September in 
the regions of Al-Kuf and Qandula, at a rate of 79.6, and 73.2%, respectively. The study 
showed the highest infection rate was among the local variety, with a rate of 86% and a 
severity of 41%, followed by Starking variety, with 77% in 2018 season. As for 2019 sea-
son, the Local variety was the most infected, with a rate of 80% and a severity at 43%. 
The study showed the relationship between the percentage of the disease and its severity 
with the environmental conditions, results showed that the relationship between the inci-
dence of disease and temperature in Al-Bayda was weak (r = 0.15), as well as between the 
severity of the disease and relative humidity (r = 0.081). We conclude that the cultivars in 
the study area are sensitive to the disease, and Golden Delicious cultivar is more suscepti-
ble to infection. 

Keywords: 
 Apple Scab 
disease; 
Venturia 
inaequalis ; 
Al Jabal Al-
Akhdar; 
Libya. 

 حساسیة عدة أصناف التفاح المزروعة في بعض مواقع الجبل الأخضر للإصابة بمرض جرب التفاح
:  الكلمات المفتاحیة

 ؛جرب التفاح
inaequalis 

venturia ؛ 
 ؛الجبل الأخضر

 لیبیا.

 

ـر  الجبل بمناطق المزروعة التفاح أصناف إصابة مدى معرفة الدراسة استهدفتالمستخلص :  ـرض   الأخض بم
ـهر  في س�جِّلت بالمرض للإصابة أعلى نسبة أن م، وأوضحت النتائج 2019-2018 الموسم خلال جرب التفاح  ش

ـى  جاءت حین في التوالي، على%  61.7 ،72 ،73 بمعدل والمرج وشحات البیضاء بمناطق أغسطس ـي  أعل  ف
ـة  الأصناف حساسیة دراسة وفي التوالي، على% 79.6،73.2 بمعدل وقندولة الكوف مناطق في سبتمبر  المزروع

ـنف   یلیه٪، 41صابة إ٪ وبشدة 86الصنف البلدي بمعدل  فيصابة كانت إعلى أن أ النتائج أوضحت بالمنطقة ص
ـا  أكان الصنف البلدي ف 2019في موسم أما   ،2018في موسم  %77 سبةبن Starking ستاركنغ ـابة  إكثره ص
 أن النتائج أظهرت البیئیة الظروف مع وشدته المرض نسبة بین العلاقة بدراسة ،٪ 43صابة إ٪ وبشدة 80بمعدل 
ـین  كذلك r= 0.15) ضعیفة ( علاقة كانت البیضاء منطقة في الحرارة ودرجة المرض نسبة بین العلاقة ـدة  ب  ش

نستنتج أن الأصناف المزروعة بمنطقة الدراسة حساسة للإصابة بمرض  .r= 0.081) النسبیة ( والرطوبة المرض
 هو الأكثر عرضة للإصابة. Golden delicious جرب التفاح، والصنف 

 لمقدمةا

التابعة للعائلة  ( .Malus domestica L)عد شجرة التفاح ت
 ,Brown(من الأشجار الخشبیة متساقطة الأوراق التفاحیة 

ـ  یضم جنسو، )1992 ـ  انوع� 30 إلى 20من  Malusال
ـات  . )Geibel et al., 1999( وفقًا لما ذكره ثمار هذا النب

 ـ  ؛غذاء�بوصفها مفضلة  ـا ب ـة  المواد اللغناه كربوهیدراتی
ـاض   فضلًا عنوالبروتین والمواد الدهنیة والبكتینیة،  الأحم

ـن   كماالعضویة والأملاح المعدنیة،  ـتخدامه ایمك ـي   اس ف
ـل     ـائر والخ ـل العص  & Korban(صناعات أخرى مث

Tartarini, 2009; Vejl et al., 2003( ،  ـاز ـات  یمت نب
ـن  التفاح  بتنوع أصنافه المزروعة في المناطق المعتدلة م
 فیها دخلأُفقد  ، أما في لیبیا)Harris et al., 2002(العالم 

ـل    اعام� 30حوالي  العدید من الأصناف منذُ ـة الجب بمنطق
ـي     لأمانةا الأخضر وفقً ـروعها الزراع ـي مش الزراعة ف

ـة   ن أذكر بمناطق زراعة التفاح، وی� ـزارع المنتج عدد الم

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.631&amp;domain=pdf&amp;date_stamp=2008-08-14
https://omu.edu.ly/journals/index.php/mjsc/index
https://doi.org/10.54172/mjsc.v37i4.631
mailto:nwboshakoa@gmail.com
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.631&amp;domain=pdf&amp;date_stamp=2008-08-14
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.631&amp;domain=pdf&amp;date_stamp=2008-08-14
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ـة   -للتفاح بالمنطقة ـوفات وزارة الزراع ـدر   -وفق كش تق
ـ  ـ ـ ـة  697ب ـدر     مزرع ـرة تق ـجار مثم ـدد أش ، وبع

ـحوالي  ـ ، ووفقًا )Suleiman, 2014( ألف شجرة 921ب
ـ  ـ ألف  31لمنظمة الأغذیة والزراعة الدولیة قُدِّر الإنتاج ب

ـام  ، وكان إنتاج التفا1995طن في عام  ح في الفترة من ع
ویتضح من ) ألف طن، 300(ی�قدر بحوالي  2000-2019

البیانات الصادرة عن منظمة الفاو أن مساحة زراعة التفاح 
هكتار�ا في  353إلى  1985هكتار�ا سنة  850انخفضت من 

ـة  الأ . إن أكثر2015عام  ـل   بصناف زراع ـاطق الجب من
لف أ 57.4بعدد  Golden Deliciousالأخضر هي صنف 

ـك   الأصناف؛جمالي إ% من  40یعادل  ما ، إيشجرة وذل
 ا،جید� املقح� كونهو ،نتاجإلما یمتاز به هذا الصنف من كثرة 

ألف شجرة ما  43.3بعدد  Stark Deliciousیلیه الصنف 
 ،لف شجرةأ 23.7بعدد  Jonathan%، والصنف 30نسبته 

ـادل     Anna  Ein Shamir نایلیه الصنف ـا یع  %13بم
)ELmsalaty, 2013(.    ـي ـاح ف ینتشر مرض جرب التف

ـرض   العدید من مناطق زراعة التفاح، فقد س�جِّل انتشار الم
ـل  في  ـالم مث ـر  الكثیر من دول الع  & Radwan( مص

Hassan, 2019(   ـرب  )Lahlali et al., 2019(والمغ
ـات  2008وآخرون ( Xuوفي أوروبا وآسیا  )، وفي الولای

ـن   2010وآخرون، ( Biggsالمتحدة  ـد م ). وهناك العدی
ـا:    أصناف التفاح المقاوم ـاح، ومنه ـرب التف ة لمرض ج

Crimson gold  وCrimso topaz  )Crassweller ،
 rvi6. فضلًا عن أصناف التفاح الحاویة على جین )2018

 .)Florina )Papp et al. 2020و   Libertyمثل صنف 
ـر     ـن الفط ـاح ع  Venturiaویتسبب مرض جرب التف

inaequalis )Wilcox, 1993( حیث ص�نف هذا الجنس ،
ـالتین  )COOKE ،1880(بواسطة  ـه ح  :،  ویمتاز بأن ل
ـة  إحداهما: ـرى:  و V. inaequalis (Cke)  الترممی الأخ

 ـ ـاقص     يالحالة التطفیلیة ف ـور الن ـة الط  ( Wallr)حال

Fusicladium dendriticum )Menon, 1956( .
ـجار   وتسعى هذه الدراسة إلى تقییم حساسیة أصناف من أش

ـرب    ـرض ج التفاح المزروعة بمنطقة الجبل الأخضر لم
 التفاح.

 مواد وطرق البحث

ـرض الحصر  من شهر یولیو  بتداء�ازیارة میدانیة  ح�دِّدت: م
 مواقع ستةسبتمبر، لعدد  أواخر شهرحتى نهایة الموسم في 

ـاحة   دتدِّوح�رتفاع عن سطح البحر، نة الاتبایم�  ²م100مس
مع تحدید خطوط الطول  GPSباستخدام جهاز  لكل موقع،

 ) 1ودوائر العرض والارتفاع عن سطح البحر (جدول 

ـطح    ).1(جدول ال ـتوى س خطوط الطول والعرض والارتفاع عند مس
 البحر لمواقع الدراسة بمنطقة الجبل الأخضر

 المواقع خط الطول العرض دائرة (م) الارتفاع

 شحات 21.879560 32.787911 641 
 البیضاء 21.772006 32.777463 612
 مسة 21.622250 32.749615 505
 وادي الكوف 21.576192 32.716744 460
 قندولة 21.579885 32.541507 622
 المرج 20.831534 32.502895 330

ـادرة   استخدمت الظروف المناخیة : البیانات المناخیة الص
/ خلال الفترة https://power.larc.nasa.govمن الموقع 

م ، كما 2019و  2018الممتدة من مایو إلى أكتوبر لعامي 
 ).2موضح في الجدول (هو 

ـة      ـة بالمنطق ـاح المزروع ـناف التف دراسة حساسیة أص
لحساب درجة المرض بموقعي (البیضاء وشحات) للمرض: 

ـدِّرت  2019، 2018من موسمي ( مبرخلال شهر سبت )، قُ
ـوق  نسبة وشدة الإصابة للأصناف  المزروعة ذات عمر ف

ـي:  30  Golden delicious،Red delicious سنة وه

،starking  ،Ein shamir  ،ـن ـ ـلًا ع ـ ـنف  فض ـ الص
ـات  قُسِّ حیث،  Local varaityالمحلي ـى مربع  م الحقل إل

سبت ح� ورقة من كل شجرة، 50معت وج�، 2م100بمساحة 
 ـ ـة نسبة الإصابة وفقً ـبة    =)James, 1971( ا لمعادل (نس

ـابة/العدد الكُ  الإصابة=  ـعدد الأوراق المص ـلأوراق  ل� ي ل
100X(،  ـرض   رت وفقًدِّالإصابة فقُأما شدة ـاس الم ا لمقی

ـة  ) وفق1ًالذي یشتمل على درجات الإصابة (شكل  ا للمعادل
ـي   ـا االت =  (Horsfall & Heuberger, 1942) قترحه



2022، 411-405): 4( 37مجلة المختار للعلوم   
 

CC BY-NC 4.0 . الباحث (الباحثون) هذا المقال المجاني یتم الوصول إلیه من خلال رخصة المشاع الإبداعي2022 ©  
407 

ـاس    ـات مقی مجموع (عدد النباتات في كل درجة من درج
أعلى  Xرقم الدرجة)/ (عدد نباتات العینة كلها  Xالمرض 

  .X  100 درجة إصابة)

ـدول (  درجات الحرارة والرطوبة النسبیة في مواقع الدراسة من  .)2الج
2018-2019 

 
المقاسة في مواقع الدراسة  والرطوبة % °)درجة حرارة (م

 2019-2018خلال السنوات 

الشهر
 

 المرج
 °)درجة حرارة (م  رطوبة نسبیة (%)

2018 2019 2018 2019 
5 63.8  ±12.8 71.1±7.5 21.7±2.7 18.8±2.0 
6 67.8 ±10.0 70.5±8.6 30.9±6.3 23.9±2.5 
7 71.1±5.7 72.4±5.1 25.7±0.8 25.8±1.1 
8 70.2±5.4 70.6±3.9 26.9±0.8 26.6±0.5 
9 72.1±3.9 69.8±5.7 25.1±1.1 25.2±1.2 

10 71.1±7.2 68.4±5.7 22.3±1.3 23.5±1.3 

 البیضاء والمناطق المجاورة

5 55.2±13.8 65.5±7.6 21.8±3.0 18.6±2.5 
6 59.9±11.8 62.1±9.6 24.1±2.0 23.8±2.6 
7 64.4±7.0 64.9±5.6 25.2±1.0 25.3±1.4 
8 65.4±6.7 65.3±3.7 26.1±1.0 25.8±0.8 
9 71.1±3.8 67.0±6.4 23.6±1.4 24.0±1.4 

10 71.3±6.7 66.9±7.1 20.7±1.5 22.1±1.6 
 http:// Power.larc.nasa.gov الخطأ القیاسي* ±

 

 ـ   .)1شكل (ال ـة وفقً ـي الدراس  ـ االمقیاس المستخدم ف   Croxall( ـل
 )1952وآخرین، 

ـذه   علاقة الحرارة والرطوبة بدرجة المرض:  ـة ه لدراس
ـنف    Redالعلاقة ج�معت عینات من أوراق الأشجار لص

delicious     ـهر ـلال ش في الموقعین البیضاء والمرج خ

ورقة من كل  50معت ج�، حیث 2018أغسطس من الموسم 
ـبت   شجرة لخمس أشجار من كل مزرعة بالموقعین، وح�س
نسبة الإصابة وشدتها، كما ذُكر سابقًا، كما تم تحدید العلاقة 
بین تطور الأعراض المرضیة والظروف البیئیة السائدة من 

ـل  حرارة ورطوبة بك لا الموقعین عن طریق حساب معام
ـ الارتباط لل  Tomerlin(علاقات المختلفة كما في دراسة ل

& Jones, 1982(. 
 المناقشةو النتائج

ـي    ـاح ف بیَّنت نتائج حصر كمیة المرض على أشجار التف
 ) أن شهر أغسطس3الجدول ( مواقع الدراسة الموضحة في

نسبة إصابة لكل من شحات والبیضاء أعلى معدلات  سجَّل
ومسة والمرج، في حین س�جِّلت أعلى نسبة في شهر سبتمبر 

ـدلات   % 73.2% و 79.6في المواقع الكوف وقندولة بمع
ـبة   لى التوالي.ع وفیما یتعلق بشدة الإصابة كانت أعلى نس

ـجَّلت   في شهر أغسطس لأغلب المواقع عدا شحات التي س
ـاوت   31النسبة الأعلى في سبتمبر بمعدل  ـزى تف %، وی�ع

ـدة    ـر لع نسبة الإصابة بالمرض وشدتها من شهر إلى آخ
ـي    ـة والت عوامل، منها الظروف البیئیة من حرارة ورطوب

ـق   كانت في أعلى معدلاتها في شهر أغسطس، وذلك یتواف
والتي بیَّن فیها  )Menon, 1956( مع الدراسة التي أجراها

ـل     ـة مث ـالظروف الجوی أن نشاط الفطر الم�مرض یتأثر ب
ـات    ـد درج الحرارة فیزداد تجرثمه في فصل الصیف عن

ـي    °م 25حرارة  ـر الت ـاة الفط ، وكذلك تتفق مع دورة حی
ـیف   أظهرت أن الفطر ینشط كطور كونیدي في فصل الص

)Wilcox, 1993( ـة    و ـع دراس ـذلك م ، Singhیتفق ك
ـور   )2015وآخرین ( أوضحوا أن الجرب قد بدأ في التط

بسرعة كبیرة في منتصف شهر أغسطس، وأن الجرب كان 
ـى   Golden Deliciousشدید�ا على الصنف  ومتوسط عل

 .  Red Deliciousالصنف 

ـابة     ـة للإص ـاح المختلف عند دراسة حساسیة أصناف التف
ـدتها   4ل (بالجرب،  یتضح من الجدو ـابة وش ) نسبة الإص

على الأصناف في المناطق المدروسة ( البیضاء، شحات)، 
ومن الجدول یظهر بأن نسبة الإصابة وشدتها على الصنف 

http://globalclimatemonitor.org/
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ـمي     ـي موس ـرى ف المحلي كانت أعلى من الأصناف الأخ
بنسبة إصابة بلغت  Starking، یلیه صنف 2018، 2019

، أما في 2018% في الموسم 39% وبشدة إصابة بلغت 77
% في 77فبلغت نسبة الإصابة   Red deliciousالصنف 
ـنف    2019الموسم  ـابة للص  Goldenوكانت شدة الإص

delicious  34  ـم ـات   2019% في موس ـى درج ، وأعل
ـذا   إصابة على الصنف المحلي في منطقة الدراسة؛ لأن ه
ـون    ـوم المزارع الصنف من الأصناف المهملة التي لا یق

 قائیة علیها.بكثرة الإجراءات الو

ـدول ( ال ـع    بم الإصابة ةنسبة وشد .)3ج ـي مواق ـاح ف رض جرب التف
 الدراسة.

9 8 7 
شدة  المواقع

 صابةالإ
نسبة 

 صابةالإ
شدة 

 صابةالإ
نسبة 

 صابةالإ
شدة 

 صابةالإ
نسبة 

 صابةالإ

 شحات 67.8 26.4 72.0 30.8 65.0 31.0
 البیضاء 52.1 21.0 73.7 35.3 65.3 27.1
 مسة   49.1 23.3 71.9 34.2 62.9 19.8

24.3 79.6 33.6 70.6 22.0 56.8 
وادي 

 الكوف  
 قندولة 58.9 26.3 64.1 27.0 73.2 22.6
 المرج 52.4 19.0 61.7 24.6 55.4 20.2

 25.1، الأشهر * المواقع  27.5،  الأشهر 12.6%=  المواقع = 5أقل فرق معنوي عند

ـل  أُ  Lahlali et(جریت دراسة مشابهة في المغرب من قب

al., 2019( على  وشدته المرض ظهورنسبة  تقدیر فیها تم
 ظهرت الدراسةأو ،صناف التفاح التجاریة بمقاطعة سایسأ
ـور� أن شدة المرض كانت أ ـنف  الا بعلى ظه  Goldenص

delicious  یلیه صنف40.31 بنسبة % Starking بنسبة 
) أعراض الإصابة بالمرض 2. ویظهر بالشكل (% 20.45

ـت    ـي أُجری على أصناف التفاح بمنطقة الجبل الأخضر الت
ـة   علیها هذه الدراسة على شكل تبقعات سوداء اللون وفل�ینی
الملمس وتشوهات بالمظهر الخارجي، تتفق هذه الأعراض 
ـات      ـن الدراس ـدد م ـي ع ـرت ف  مع الأعراض التي ذُك

)Doolotkeldieva & Bobusheva, 2017; Khajuria 

et al., 2014( ؛Ziems 2019(.   ـ ـ وقد ذكرت دراسة ل
)Spinelli et al., 2010(  ـوجیناز  أن مثبطات ثنائي أوكس

ـابة  ـرب    كان لها دور كبیر في تخفیض الإص ـرض ج بم
وذلك في تجارب  Golden Deliciousالتفاح على صنف 

یعد المصدر الرئیس لمقاومة ، وحقلیة والصوبات الزجاجیة
والذي  Rvi6أصناف التفاح لمرض جرب التفاح هو الجین 

 Malus floribunda یتم الحصول علیه من صنف النبات 

  (Sieb)  اوم وقد و�جد بأن هذا الجین وتعریفه على أنه مق
ـا     Venturia inaequalisللفطر الممرض  ـي أوروب ف

)Papp et al., 2020(. 

 

ـار جرب التفاح على الإصابة بمرض  أعراض) 2الشكل ( ـاح   ثم التف
 المزروعة بمنطقة الجبل الأخضر

ـناف   وشدة الإصابة بمرض جرب التفاح علىنسبة  .)4جدول (ال الأص
 المزروعة

 شحات

 الصنف
2019 2018 

شدة 
 الإصابة

نسبة 
 الإصابة

شدة 
 الإصابة

نسبة 
 الإصابة

31 77 29 68 Red Delicious 

34 67 26 71 Golden  
Delicious 

28 64 39 77 Starking 
32 63 19 56 Shamir 
 التفاح البلدي 86 41 80 43

 البیضاء

28.2 65.3 30.0 63.04 Red  
Delicious 

40 77.7 39.1 76.8 Golden  
Delicious 

28.1 50.7 26.0 58.1 Starking 
37.8 78.9 32.7 70 Shamir 

 التفاح البلدي 63 23 61 29
 شدة المرض       نسبة المرض                     LSD% 5أقل فرق معنوي عند   

 8.44الأصناف                 11.31الأصناف                                        
 10.26السنة                        13.7السنة                                           

 7.48الأصناف*السنة               13.05الأصناف*السنة                              
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ـابة دراسة العلاقة بین شدة وب ـة    الإص ـروف المناخی والظ
ـطس   البیضاء والمرج  المسجلة في موقعي أثناء شهر أغس

الظروف البیئیة، یظهر وحساب معامل الارتباط مع  2018
أ) والذي یبین علاقة ضعیفة بین نسبة الإصابة -3بالشكل (

، وفي r=0.15ودرجة الحرارة بمنطقة البیضاء والتي كانت 
ـة  -3الشكل ( ب) العلاقة بین شدة المرض والرطوبة بمدین

ـذلك   ،  r= 0.081البیضاء وكانت العلاقة بینهما ضعیفة ك
ـ) تتضح العلاقة بین نسبة الإصابة -3وفي الشكل ( ـ ـ ج

ـة،   ودرجات الحرارة بمنطقة المرج والتي كانت علاقة قوی
ـابة   =0.66rحیث كانت قیمة  ـدة الإص ، أما بالنسبة إلى ش

فكانت علاقة متوسطة؛ لأن الارتباط لم  د). -3(والرطوبة 
ـروف   0.6یتجاوز  ـع الظ ، وفي دراسة لعلاقة المرض م

أوضح أن  )Tomerlin & Jones, 1982(یة قام بها البیئ
ـد   3تبقعات الجرب تطورت على النبات بعد مرور  أیام عن

ـها     20ت درجات حرارة بلغ ـد تعرض ـذلك عن مئویة، وك
 للرطوبة العالیة قبل ظهور الأعراض بأیام قلیلة.

 

ـة   .أ)-3( الشكل الارتباط بین نسبة الإصابة ودرجة الحرارة في منطق
 البیضاء

 

 الارتباط بین شدة الإصابة والرطوبة في منطقة البیضاء.ب)-3الشكل (

 
ـ-3شكل (ال الارتباط بین نسبة الإصابة ودرجة الحرارة في  .)ج

 منطقة المرج

 

 الارتباط بین شدة الإصابة والرطوبة في منطقة المرج .د)-3الشكل (
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Abstract: The experiment was carried out in the General Commission for Agricultural 
Research, Syria. during the seasons 2019/2020 in order to investigate the effect of 
seedling date and plant density on the growth and yield of the local red onions variety and 
getting the bulbs directly without going through the stage of bulblets. Onion seeds were 
planted on 3 dates, with an interval of two weeks between dates (15/9, 30/9, 15/10). The 
seedlings were planted in the field on these dates (30/10, 15/11, 30/11) and with 3 plant 
densities (40, 20, 14 plant/m2). The results indicated that the first date had a significant 
difference in indicators (height of plants, number of leaves, bulb weight, onion diameter, 
productivity (68.69 cm, 7.89 leaf/plant, 199.3 g, 7.87 cm, 2130 kg/m2, respectively). As 
for the plant density, the plant density (14 plant/m2) had a significant difference to all 
studied indicators (69.15 cm, 7.66 leaf/plant, 238.1 g, 7.74 cm, 1667 kg/m2, respectively). 
As for the interaction there was a significant difference of the first planting date with third 
plant density, with the possibility of adopting this shared treatment in shortening the life 
cycle of onions of the local red variety.  

Keywords: 
 Nutrition 
area; 
Local red 
onion 
variety; 
Planting 
date; 
Productivity 
indicators. 

 .Allium cepa L للصنف الأحمر المحلي لنباتات البصل النمو والإنتاجیة علىوالكثافة النباتیة  الشتل موعدتأثیر 
:  حیةالكلمات المفتا
 ؛المساحة الغذائیة

ـل   ـ ـنف البص ـ ص
 الأحمر المحلي؛
 موعد الزراعة؛

 مؤشرات الإنتاجیة.

 

ـدف   2019/2020 الموسمخلال سوریة  -الهیئة العامة للبحوث العلمیة الزراعیةفّذ البحث في نُالمستخلص :  به
والحصول على الأبصال ، محليدراسة تأثیر موعد الشتل والكثافة النباتیة في نمو وإنتاجیة صنف البصل الأحمر ال

ـي    تبصیلات القزح. تمإنتاج المرحلة  لاختصارالأمهات مباشرة  ـل ف ـل    3زراعة بذور البص ـد وبفاص مواعی
ـد (    ز�رع) وأكتوبر 15 ،سبتمبر 30 ،سبتمبر 15( المواعیدأسبوعین بین  ـة بمواعی ـي الأرض الدائم  30الشتل ف

بینت النتائج تفوق الموعد الأول   .)2نبات/م 14، 20، 40ت نباتیة () وبثلاثة كثافانوفمبر 30نوفمبر،  15أكتوبر، 
ورقة/النبات،  7.89سم،  68.69قطر البصلة، الإنتاجیة (وا في مؤشرات ارتفاع النبات، عدد الأوراق، وزن معنوی�

ـع ) 2/منبات 14( فقد تفوقت الكثافةعلى التوالي)، أما الكثافة النباتیة  2كغ/م 2130سم،  7.87غ،  199.3  في جمی
ـى   2كغ/م 1667سم،  7.7.4غ،  238.1ورقة/النبات،  7.66سم،  69.15( اا معنوی�المؤشرات المدروسة سابقً عل

ـة   فقد كان له تأثیر� معنوي، فقد التوالي)، أما التفاعل  ـة النباتی ـة تفوق موعد الزراعة الأول مع الكثاف ـي  الثالث  ف
ـر    ، مع إمكانیة اعتماد هذهالمدروسة المؤشرات ـنف الأحم المعاملة المشتركة في اختصار دورة حیاة البصل ص

 المحلي.

 المقدمة
ـة    L Allium cepa .ینتمي البصل ـیلة الثومی إلى الفص
Alliaceae )Chase et al,2009،(  ـل  وع�رف البص

ـد    4700منذ ما یقارب من  ـنة، وتع ـطى   آس ـیا الوس س

ـوطن   (أفغانستان، كازخستان، طاجكستان، أوزبكستان) الم
ـر   الأصلي له، وزرعه المصریون القدماء على امتداد نه

ومن ثم انتشرت زراعته في منطقة حوض  ،النیل منذ القدم
 ـ  ـد موطنً  ـالبحر الأبیض المتوسط والذي یع ـه ا ثانوی�  ا ل

)Vavilov,1956 .( 

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.924&amp;domain=pdf&amp;date_stamp=2008-08-14
https://omu.edu.ly/journals/index.php/mjsc/index
https://doi.org/10.54172/mjsc.v37i4.924
mailto:rawaababilie@gmail.com
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.924&amp;domain=pdf&amp;date_stamp=2008-08-14
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.924&amp;domain=pdf&amp;date_stamp=2008-08-14
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ـي   تُعد الأبصال والأوراق الخضراء الجزء الاقتصادي ف
ائیة وصحیة واستخدمت منذ القدم لغایات غذ ،نبات البصل

ـن     ،في العدید من البلدان ـة م ـاحة المزروع وبلغت المس
 4504) بمتوسط إنتاج (اهكتار� 6089البصل في سوریة (

ـوزارة      ـنویة ل ـة الس ـائیة الزراعی ـكتار) (الإحص كغ/ه
 ). 2020في سوریة،  صلاح الزراعيالزراعة والإ

ـوراثي     ـا ال ـوریة بمخزونه تملك الأصناف المحلیة في س
ـین     المتراكم عبر ـة التحس ـي عملی السنین أهمیة كبیرة ف

ـتهلك   فهي تلقى قبول كل� ،الوراثي ـزارع والمس  ،من الم
ـي    فضلًا عن ـائدة ف كونها متأقلمة مع الظروف البیئیة الس

ـیة   ،مناطق زراعتها ومقاومة للكثیر من المسببات المرض
(الهیأة العامة للبحوث  والحشرات المنتشرة في هذه المناطق

ـي   ،)2015اعیة، العلمیة الزر ویقع على عاتق العاملین ف
ـذا   ،مجال التحسین الوراثي الحفاظ على هذه الأصناف ه

ـدروس   ویتمیز البصل المحلي كصنف البصل الأحمر الم
ـاج   تُزرعبأنه ثلاثي الحول، ففي السنة الأولى  البذور لإنت

ـم)،    ـغیرة الحج بصیلات القزح (القنار أو البصیلات ص
بصیلات القزح لإنتاج البصل العادي  تُزرعوالسنة الثانیة 

ـاج   تُزرع(الأمهات)، والسنة الثالثة  الأبصال الأمهات لإنت
ـة  البذور، في حین ـي     یمكن زراع ـتورد ف ـل المس البص

ـم  عروتین ربیعیة وخریفیة  ویمكن إنتاج الأبصال في موس
ـت    ـتورد لیس واحد، إلا أن القدرة التخزینیة للبصل المس

، )2019(بطحوش،  البصل المحليبالجودة التي یتمیز بها 
ـال  إلى ا ونظر� طول الفترة اللازمة للحصول على الأبص

ـغل    ـن ش الأمهات من البصل المحلي وما یترتب علیه م
ـن  الأرض لعدة سنوات ـلًا ع ـة    ، فض ـالیف المرتفع التك

ـن   لمستلزمات الإنتاج هذا بدوره ساهم في عزوف كثیر م
ـة   ـل  المزارعین عن زراعة البصل المحلي وزراع البص

ما یستدعي القیام بالعدید من الأبحاث التي وهو المستورد، 
بهدف المحافظة  ؛من شأنها اختصار دورة حیاة المحصول

ـة معلى البصل المحلي كمادة وراثیة  ـن    ،هم ـا م ومنعه
 وزیادة قدرته التنافسیة مع البصل المستورد.  ،الاندثار

ـل      ـد توص ـارد، فق ـو الب ویعد البصل من محاصیل الج

(Madisa,1994)  ـي     إلى ـل ف ـذور البص ـة ب أن زراع
ـ  43یعطي الإنتاجیة الأفضل  مارسمنتصف شهر  طن/ه

ـ)،  31( فبرایرمقارنة مع الزراعة المبكرة في   أماطن/ه
ـة (   أبریل فقدالزراعة المتأخرة في  ـت إنتاجی  23.6أعط

ـ)، وبلغت نسبة الشمرخة ( %) على التوالي 7و 24طن/ه
ـي     ـماریخ ف ـور ش ـظ ظه ـهر   ولم یلاح ـل،  ش  اأمأبری

)Kretschmer, 1994(  ـی�ن أن  فقد ـذور   90ب ـن ب % م
ـرارة (  ـي  ° 25 -10البصل تنبت تحت درجات ح م)، وف

ـة   )González, 1994(تشیلي درس  تأثیر موعد الزراع
ـة    ـة بأربع لثلاثة أصناف من البصل، حیث تمت الزراع

 4، أغسطس 20، أغسطس 5، یولیو 21، یولیو 7مواعید (
ـد   سبتمبر ـد موع ) ولوحظ أن الإنتاجیة الأعلى كانت عن
طن/هكتار) والأقل عند  52.42( یولیو 21ة بتاریخ الزراع

ـ)، كما و� 0.84( سبتمبر 4الزراعة في الموعد  جد طن/ه
ـو في تجربة ثانیة أن تأخیر موعد الزراعة من  ـى   یولی إل

ـه ب زیادة ثخانة عنق البصلة، وفي تشیلي سبَّ سبتمبر  علی
ـلال   تزداد احتمالیة الإصابة بأمراض ما بعد الحصاد وخ

ـرة الت ـ ـزینفت ـ ـح. )Wright, 1997( خ ـ ـل� وأوض ـ  ك
الزراعة المبكرة لشتول البصل ن أ )Cramer, 2003(من

ـدد الأوراق  ینتج ع نها زیادة معنویة في ارتفاع النبات وع
ـار   ,Ansari( مقارنةً مع مواعید الزراعة المتأخرة، وأش

ـد    ینایرأن بذور البصل المزروعة في  )2007 ـو بع تنم
ـذور    ،م° 17.7/ یوم بمتوسط درجة حرارة 22/ ـا الب أم

ـى /  فبرایرالمزروعة في  ـات   10فتحتاج إل ـام للإنب / أی
ـد / م)، وتنمو ° 24.7بمتوسط حرارة ( ـد   7بع ـام عن / أی

 م).° 34.7عند حرارة ( مارسالزراعة في 

عند زراعة بذور  )Ud-Deen, 2008(في بنغلادش بی�ن  
ـدف  30/11، 15/11، 30/10البصل بثلاثة مواعید ( ) به

 ـ ـر  دراسة معدل نمو الأبصال، أن موعد الزراع ة المبك
سم)،  5.11) ساهم في إنتاج أبصال قطرها كبیر (30/10(

 4.50فكان قطر الأبصال ( 30/11أما الزراعة في الموعد 
ـة  سم)، أي أن الأبصال الأصغر حجم� ا سجلت في الزراع

ـار.    المتأخرة عند انخفا ـول النه ـر ط ض الحرارة وقص
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ـة   اانخفاض� )Ibrahim, 2010( وبدوره لاحظ في الإنتاجی
ـأخیر   20إلى  48من الأبصال الجافة من  ـ عند ت طن/ه

 مارس.إلى  أكتوبرالشتل من شهر 

% من بذور 70أن  )Abu-Rayyan et al., 2012(بی�ن  
م)، °30 -7.5ند متوسط درجات الحرارة (البصل تنبت ع

ـن    )Patil et al., 2012( ووجد ـى م أن الإنتاجیة الأعل
ـد     37.5البصل بلغت ( ـتل بموع ـد الش ـكتار) عن طن/ه

ـ) عند الشتل  14.3لإنتاجیة الأقل () بینما ا15/11( طن/ه
عند دراسة  )Hamma, 2013( أوضح  ).15/1بموعد (

تأثیر موعد زراعة بصیلات البصل على النمو والإنتاجیة، 
ا في ارتفاع تفوق معنوی� 15/10أن موعد الزراعة بتاریخ 

ـا    ـدد أوراقه ـل وع ـم،   39.33( نباتات البص  11.29س
ـاریخ     أما ،ورقة/نبات، على التوالي) ـة بت ـد الزراع موع

 29.78كان الأقل في الصفات السابقة المذكورة (ف 29/11
ـود   3.58سم،  ورقة/نبات، على التوالي)، ولم یلاحظ وج

ـاریخ      ـة بت ـدي الزراع ـین موع  15/10فروق معنویة ب
، 4.345من حیث الإنتاجیة من الأبصال الجافة ( 30/10و

ـكتار، على التوالي)،  4.287 ـجِّلت   كغ/ه ـین س� ـي ح  ف
ـة     ـد الزراع ـي موع  3.670( 29/11الإنتاجیة الأقل ف

ـكتار� ـ  ا). كغ/ه

ـی�ن  ـ ـد  )Gagopale & Gesine, 2013(ب ـ أن مواعی
ـي  الزراعة المبكرة لشتول ال بصل أعطت زیادة معنویة ف

ـال   ـم الأبص ـح  ارتفاع النبات وعدد الأوراق وحج . أوض
)Ashagrie et al., 2021(  أن زراعة الأبصال في بدایة

ـدة   ساهم في زیادة معنویة في إنتاج البذورأكتوبر  في وح
ـة    21.7المساحة بنسبة  ـي بدای % مقارنةً مع الزراعة ف

 أن الزراعة المبكرة )Misra et al., 2014(وجد .نوفمبر
أعطى أعلى نسبة من المادة الجافة  25/11للبصل بتاریخ 

أقل نسبة  10/1الزراعة بموعد متأخر  وسجَّلتللأبصال، 
ـود   )Mehri et al., 2015(للمادة الجافة. وأشار  إلى وج

ـري   ي لموعد زراعة البصل على كل�تأثیر معنو من مؤش
 سبتمبر،ارتفاع النبات وعدد أوراقه عند الزراعة في شهر 

 .نوفمبرمقارنةً مع النباتات المزروعة في شهر 

ـوى    )Aboukhadrah et al., 2017( دأك�  ـادة محت زی
ـر  17.07أبصال البصل من المادة الجافة ( %) عند التبكی

مقارنةً بموعد الزراعة  15/12في موعد الزراعة بتاریخ 
%) على التوالي، 13.89%،15.92( 15/1و 1/1المتأخرة 

ـة     ـة بكثاف ـد الزراع وكذلك زیادة نسبة المادة الجافة عن
ـافتین  16.37( 2نبات/م 30زراعیة  ـة بالكث  45 %) مقارن
ـات /م  60و 2نبات/ م ـى  14.65%، 15.85( 2نب %، عل
عند زراعة شتول  )Khan et al., 2020(أشار  التوالي).

ـد (   ـدة مواعی ـوفمبر،   15البصل بع ـوفم  30ن  15بر، ن
ینایر) أنه كلما تأخر  29ینایر،  14دیسمبر،  30دیسمبر، 

ـو   موعد الشتل في الأرض الدائمة انخفضت مؤشرات النم
ـات   والإنتاجیة (قطر البصلة ووزنها)، وأعلى ارتفاع للنب

ـة ( ـ ـادة الجاف ـ ـدد الأوراق والم ـ ـم،  54.51وع ـ  8.53س
ـي   15.57ورقة/نبات،  % على التوالي) كان عند الشتل ف

ـر     15د موع ـلة الأكب ـغ وزن البص نوفمبر، في حین بل
 دیسمبر.  15غ عند الشتل في الموعد  26.26

ـی�ن  ـة   )Torres et al., 1986( في البرازیل ب أن زراع
ـین تراوحت شتول البصل أعطى إنتاجیة   35.8و 20.3 ب

ـ  طن/ هكتار مقارنةً طن/هكتار والناتجة من زرع  10.3ب
ـده      البصل ا ـا وج ـع م ـة م ـذه النتیج لمباشر، تتوافق ه

)Motallebi et al., 2001(     ـن ـة م ـادة الإنتاجی من زی
ـذر    ـةً بالب البصل عند الزراعة عن طریق الشتول مقارن

 Warid( من د كل�المكسیك أك� المباشر في الأرض، وفي

& Loaiza, 1993(     ـة ـال القابل ـة الأبص ازدیاد إنتاجی
طریقة زراعة البذور مباشرة في الأرض، بللتسویق مقارنةً 

ـذور   )Pessala, 1990(كما أوضح  أن طریقة زراعة ب
ذات حجم أقل من  االبصل مباشرة في الحقل أعطى أبصالً

تمتلك الكثافة النباتیة  لأبصال الناتجة عن زراعة الشتول.ا
ة ا على الإنتاجیة البیولوجیة والإنتاجیة الاقتصادیا كبیر�تأثیر�

ـرُّ  ن الكثافة تحدِّإإذ  ،للمحاصیل ـدى تع ـات  د م ض النبات
للضوء واستفادتها منه في تكوین المادة الجافة، إن الكثافة 

ـروف  المثلى لأي محصول لیست ثابتة بل تتغیر تباع� ا للظ
ـدة درس  ـ ـة المتح ـ ـي المملك ـ ـناف، فف ـ ـة والأص ـ  البیئی
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)Mettananda & Fordham, 1999(    ـات ـأثیر الكثاف ت
ـدد أوراق  2نبات/م 40، 30، 20، 10الزراعیة ( ) على ع

ـیَّ   ـل، وتب ـتول    شتول البص ـي الش ـدد الأوراق ف ن أن ع
) تفوقت 2نبات/م 20، 10المزروعة على كثافة منخفضة (

ـة ( معنوی� ، 30ا على مثیلاتها المزروعة عند الكثافة العالی
ــات/م 40 ــن 2نب ــدد م ــث ازداد الع ــى  3.7) حی  5.1إل

 .ورقة/شتلة
تأثیر   )Rumpel & Felczyński, 2000( درس كل� من

ـة ( ـ ـ ـات النباتی ـ ـ  140، 100، 80، 60، 40، 20الكثاف
) على إنتاجیة البصل الجاف، ووجدا أن الإنتاجیة 2نبات/م

ـكتار إلى  20.5ازدادت من  ـكتار   32.8طن/ه ـ طن/ه
 Khan(ن ). وبی�2ت/منبا 80إلى  20عند زیادة الكثافة من 

et al., 2002(    ـول ـن ط أن زیادة الكثافة النباتیة یقلل م
عند دراسة  )Jilani, 2004(أوضح  النبات وعدد الأوراق.

ـدد  2نبات/م 40، 30، 20تأثیر الكثافة الزراعیة ( ) على ع
ـول   5وطول أوراق / ـدد وط / أصناف من البصل، أن ع

 37.99ورقة،  12.05( 2نبات/م 20الأوراق عند الكثافة 
ـة  ق معنوی�سم، على التوالي) تفوَّ ا عند الزراعة على الكثاف

ـة،   9.99( 2نبات/م 40النباتیة  ـى    33.43ورق ـم، عل س
 .التوالي)

عند زراعة البصل على  )Harris et al., 2016(أوضح  
ـدل   سم مع إضافة سما 8*8مسافة  ـي بمع  150د الأزوت

ـ قد ساهم  زیادة معنویة في متوسط وزن البصلة  فيكغ/ه
ـرى    ـة الأخ مقارنةً مع الزراعة على المسافات المدروس

ـد  2019 ،أبو بكر(وبی�ن سم.  12*10سم و 10*10 ) عن
ـوم أن     ـات الث ـى نب دراسة تأثیر المسافات الزراعیة عل

في زیادة سم بین النباتات ساهم  12.5الزراعة على مسافة 
ـلة    ـر البص ـري وقط  ،معنویة في مؤشرات النمو الخض

ـافات   وانخفضت إنتاجیة المحصول الكلي مقارنةً مع المس
ن أ )Dorcas et al., 2012( سم). أوضح 10، 7.5، 5(

ـن      ـاحة م ـدة المس ـي وح زیادة الكثافة النباتیة للبصل ف
 ـنبات/ه یسبِّ 500.000نبات/ه إلى  100.000  اب انخفاض�

غ على  40.04غ إلى  58.22في متوسط وزن البصلة من 

ـى   4.56الي وانخفاض قطر البصلة من التو  2.83سم إل
ـر   ـم. فس ـد    )Naser et al., 2013( س ـاض العائ انخف

ـادة  الاقتصادي في الكثافات المنخفضة على الرغم  من زی
ـل   ،المؤشرات الأخرى المدروسة على نبات الفول بأن ك

ـن   ،یعطي الحدود القصوى من الإنتاج ةنبات على حد ولك
لن یكون هناك العدد الكافي من النباتات للوصول إلى العائد 
ـوارد   الاقتصادي الأمثل من وحدة المساحة واستغلال الم

 البیئیة المتاحة بالشكل الأمثل. 

ـتل  یعد هذ وعلیه ا البحث محاولة لدراسة تأثیر موعد الش
وكثافات الزراعة المختلفة في نمو وإنتاجیة نباتات البصل 
ـات    ـال الأمه صنف الأحمر المحلي وإمكانیة إنتاج الأبص
مباشرة دون المرور بمرحلة بصیلات القزح، مع المحافظة 

 .على الخصائص النوعیة والإنتاجیة
 الهدف من البحث:

الشتل والكثافة النباتیة في نمو النباتات  دموعدراسة أثر  -
ا لدى صنف البصل الأحمر المحلي والصفات الإنتاجیة كم�

 ا.ونوع�
ـل     - ـة البص ـل لزراع تحدید موعد الشتل والكثافة الأمث

 المحلي لإنتاج الأمهات من البصل خلال موسم واحد. 

 المواد وطرق البحث

ـي   صنف البصل الأ استُخدمالمادة النباتیة:  - ـر المحل حم
ـون   (مرحلة البذور)، والذي یتمیز بأبصال بلبلیة الشكل، ل
ـم    ـیض، الطع القشرة الخارجیة أحمر بصلي، لون اللب أب

ـة   أحر�یف، مصدر البذور من الهی ـوث العلمی ة العامة للبح
 الزراعیة.

ـة بحوث موقع التنفیذ: تم تنفیذ البحث في محطة  -  الغوط
ـة  أالتابعة لإدارة بحوث البستنة/الهی ة العامة للبحوث العلمی

ـزراعیین    سوریة -دمشق ،الزراعیة ـمین ال خلال الموس
ـد   2019/2020 ـق، تبع ، وتقع المحطة جنوب شرق دمش
ـر    610كم)، على ارتفاع  15عنها ( ـطح البح متر عن س

ـة     ـاف، ترب ـار وج تتمیز بشتاء بارد ورطب، وصیف ح
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 قاعدیة، محتواها من المادة pH =7.8المحطة طینیة ثقیلة، 
العضویة جید، نسبة كربونات الكالسیوم عالیة غیر مالحة، 

 محتواها من الفوسفور والبوتاس جید.

 المعاملات وطریقة العمل:
 زراعة البذور في صوانٍقام الباحثون بزراعة البذور:  -أ

ـد (   ـلال المواعی  15فلینیة بمقدار بذرتین في كل عین، خ
ـد   ا وقُلعت ،)أكتوبر 15 ،سبتمبر 30 ،سبتمبر ـتلات بع لش
أي بعد وصول الشتلات إلى الحجم  ا،یوم� 40-35حوالي 

ـدد الأوراق    ـون ع ـلطان أوراق) ( 4-3المناسب (یك ، س
ـة    استُبعدت)، كما 1983 ـتلات الرفیع ـة  الش والمجروح

 والمصابة بالحشرات. 
الأرض للزراعة  ج�هِّزتالزراعة في الأرض الدائمة:  -ب
ـم  من  كافة، إجراء العملیات الزراعیةب فلاحة وتخطیط، ث

زراعة الشتول في كل موعد من مواعید الشتل المدروسة 
ـع  نوفمبر 30نوفمبر،  15أكتوبر،  30( ) وذلك ضمن قط

ـم   50خطوط بفاصل  4تحوي  2م 1تجریبیة مساحتها  س
ـ بین الخط والآ  يُّمكررات لكل معاملة، وتم الرَّ 3خر، وب

ـل   ـري ك ـام   7 بعد الزراعة مباشرةً، وبعد ذلك نُظّم ال أی
ـدمات  دِّحسب الظروف الجویة السائدة، وقُ مت للتجربة الخ

ـتول   ز�رعتخلال موسم الزراعة، كما  كافة الزراعیة الش
 14، 2نبات/م 20، 2نبات/ م 40( أتي:بثلاث كثافات كما ی

 .) في كل موعد من مواعید الشتل2نبات/ م

 المؤشرات المدروسة:
ـو  خذت عند قراءات المجموع الخضري: أُ - اكتمال النم

نباتات لكل  10ل الأبصال بمعدل الخضري وقبل بدء تشك�
 معاملة ولكل مكرر: 

ا بقیاس المسافة بدء� ح�دِّدتمتوسط ارتفاع النبات (سم):  -
 من سطح التربة حتى نهایة أطول ورقة. 

عند أعرض منطقة  ح�دِّدتمتوسط عرض الورقة (سم):  -
 من نصل الورقة الوسطى.

 الأوراق/نبات. متوسط عدد -
ـق  2المساحة الورقیة (سم - ): ح�سبت المساحة الورقیة وف

الخاصة بورقة البصل  )Gamiely et al., 1991(معادلة 

 الأنبوبیة:  
A= (-93.1+1.83 L+38.6 C25)*N 

A2: المساحة الورقیة/سم ،L ـم،  : طول : C25الورقة/س
ـدتها 25محیط الورقة على مسافة  ـدد  N، % من قاع : ع

 الأوراق على النبات الواحد.
ـاف     - ـد جف ـراءات بع مؤشرات الإنتاج: أُخذت هذه الق

ـل     10الأبصال بمعدل  ـرر ولك ـل مك أبصال جافة في ك
 معاملة:

متوسط قطر البصلة الجافة (سم): بقیاس القطر بین أبعد  -
 لبیاكولیس.نقطتین باستخدام ا

 متوسط وزن البصلة الجاف/غ.  -
ـة     - ـال الجاف ـن الأبص متوسط إنتاجیة وحدة المساحة م

 ).2(كغ/م

ـاحثون ب  المحتوى الكیمیائي للأبصال:  - ـام الب ـل  ق تحلی
ـبة    ـن النس الأبصال الجافة من حیث محتواها الكیمیائي م
المئویة للمادة الجافة%: وذلك بأخذ عدة قطع من الأبصال 

ـائي جف�ثم توزن وتُ ،لةلكل معام ـة   ف في فرن كهرب بدرج
ـرة     م° 110حرارة  ـاء فت ـد انته حتى ثبات الوزن، وبع

حسب  تیةق المعادلة الآبَّوزنها، ومن ثم تط ی�حسبالتجفیف 
)AOAC، 2008(: 

DM %= (W1/W2)*100 

DM :.النسبة المئویة للمادة الجافة 
W1 : ـال ـل   : W2، الوزن بعد تجفیف الأبص ـوزن قب ال
 .ف الأبصالتجفی

 حصائي:تصمیم التجربة والتحلیل الإ 
ـة ذت التجربة كتجربة ف�نُ  ـمیم     عاملی ـق تص ـاملین وف بع

وبأربعة مكررات لكل معاملة،  ،القطاعات العشوائیة الكاملة
ـل   3هو الكثافات الزراعیة ( :العامل الأول كثافات) والعام

ـات   3مواعید الشتل ( :الثاني ـل البیان  مواعید)، وتم تحلی
ـطات       ـین متوس ـة ب ـروق والمقارن ـة الف وحساب معنوی
ـوي     ـرق معن ـل ف المعاملات المدروسة باستخدام قیمة أق

L.S.D  ـد    5عند مستوى ثقة ـة وعن ـراءات الحقلی % للق
ـامج   1مستوى  ـتخدام برن % بحالة القراءات المخبریة باس

GenStat 12th. 
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 النتائج

ـو  تأثیر موعد الزراعة والكثافة النباتیة في مؤشرات ا لنم
 الخضري لدى صنف البصل الأحمر المحلي:

ـدول ( : تبیِّتارتفاع النبا - ) 1ن المعطیات الواردة في الج
ـة   -أن موعد الزراعة ـة النباتی  -وبغض النظر عن الكثاف

ساهمت بشكل إیجابي في زیادة ارتفاع نباتات البصل، فقد 
 68.69ق موعد الزراعة الأول بمتوسط ارتفاع نباتاته (تفوَّ

ـاني ( سم)   66.44وبفروق معنویة على موعد الزراعة الث
سم).  62.48ا على الموعد الثالث (سم) والذي تفوق معنوی�

ت إلى ) أد2َّنبات/م 14كما أن الكثافة النباتیة بین النباتات (
ـات (  ـم)   69.15ازدیاد معنوي في متوسط ارتفاع النب س

ـم)   66.25) (2نبات/م 20وبفروق معنویة على الكثافة ( س
ـة ( والتي تفوقت بدورها معنوی� ـات/م  40ا على الكثاف ) 2نب

ـة   62.22( سم). أما فیما یتعلق بالتفاعل بین موعد الزراع
ا في صفة ارتفاع النبات، حیث كان معنوی�فوالكثافة النباتیة 

 14قت النباتات المزروعة في الموعد الأول عند الكثافة تفوَّ
ـة  س 73.67في ارتفاع نباتاتها ( 2نبات/م م) وبفروق معنوی

ـي     كافة على المعاملات ـة ف ـات المزروع باستثناء النبات
والموعد الثاني عند  2نبات/م 20الموعد الأول عند الكثافة 

 حیث لم تكن الفروق معنویة بینهم. 2نبات/م 14الكثافة 

ـات  .)1( جدول  تأثیر موعد الزراعة والكثافة النباتیة في ارتفاع النبات
 الأحمر المحلي لدى صنف البصل (سم)

كثافة 
2نبات/م  

الموعد 
 الأول

 الموعد الثاني
الموعد 
 الثالث

 المتوسط

 40كثافة 
2نبات/م  

bcd64.44 cd62.44 d60.56 c62.22 

 20كثافة 
2نبات/م  

ab69.33 bc67.00 bcd63.00 b66.25 

 14كثافة 
2نبات/م  

a73.67 ab69.30 bcd63.11 a69.15 

  a68.69 b66.44 c62.48 المتوسط

LSD 
5% 

المواعید 
 2.212الكثافات 2.212

المواعید 
 *

 الكثافات
3.832 

 

CV% 5 
Means having the same letters in a column were not 
significantly different at p<0.05 

 عدد الأوراق/النبات:
) أن مواعید الزراعة قد 2ن النتائج الواردة في الجدول (تبیِّ

ـت  ساهمت في زیادة عدد  الأوراق على النبات، حیث تفوق
النباتات المزروعة في الموعد الأول بمتوسط عدد أوراقها 

ـاني (  ورقة/نبات) معنوی� 7.89( ـد الث  7.16ا على الموع
 6.62ا على الموعد الثالث (ورقة/نبات) والذي تفوق معنوی�

كما تفوقت النباتات المزروعة على الكثافتین  ورقة/نبات).
ـدد الأوراق (  2نبات/م 20و 14  7.27، 7.66بمتوسط ع

ا على النباتات المزروعة ورقة/نبات، على التوالي) معنوی�
ورقة/نبات). أما بالنسبة  6.74( 2نبات/م 40على الكثافة 

ا كان معنوی�فقد للتداخل بین موعد الزراعة والكثافة النباتیة 
ـات     ـت النبات ـث تفوق في صفة عدد الأوراق/النبات، حی

ـي   2نبات/م 14ي الموعد الأول عند الكثافة المزروعة ف ف
ورقة/النبات) وبفروق معنویة  8.55متوسط عدد أوراقها (

ـي     كافة، على المعاملات ـة ف ـات المزروع باستثناء النبات
والموعد الثاني بالكثافة  2نبات/م 20الموعد الأول بالكثافة 

 حیث لم تكن الفروق معنویة بینهم. 2نبات/م 14
ـى     .)2جدول ( ـدد الأوراق عل ـي ع تأثیر موعد الزراعة والكثافة النباتیة ف
 لدى صنف البصل الأحمر المحلي (ورقة/نبات) النبات

2كثافة نبات/م الموعد  
 الأول

الموعد 
 الثاني

الموعد 
 المتوسط الثالث

 40كثافة 
2نبات/م  6.89bc 6.78 bc 6.20 c 6.74b 

 20كثافة 
2نبات/م  7.53 ab 7.13bc 6.80 bc 7.27 a 

 14كثافة 
2نبات/م  8.55 a 7.91 ab 7.21 bc 7.66 a 

  a 7.16 b 6.62 c 7.89 المتوسط

LSD 5%   المواعید
0.4357 

  الكثافات
0.436 

المواعید * 
الكثافات   

0.754 
 

CV% 8.4 
Means having the same letters in a column were not 
significantly different at p<0.05 

 ورقة:عرض ال
ـة   3ن النتائج الواردة في الجدول (تبیِّ ـد الزراع ) أن موع

 ـ 1.36الأول ساهم في زیادة عرض الورقة ( ا سم) معنوی�
ـروق   في حینسم)  1.19على الموعد الثالث ( لم تكن الف
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 معنویة بین الموعدین الأول والثاني.
ـة  .)3جدول (  تأثیر موعد الزراعة والكثافة النباتیة في عرض الورق

 لدى صنف البصل الأحمر المحلي )سم(

كثافة 
الموعد  الموعد الأول 2نبات/م

 الثاني
الموعد 
 المتوسط الثالث

 40كثافة
 ab 1.20 ab 1.12 b 1.18 b 1.25 2نبات/م

 20كثافة 
 ab 1.30 ab 1.18ab 1.29 ab 1.35 2نبات/م

 14كثافة 
 a 1.36ab 1.23 ab 1.36 a 1.48 2نبات/م

  a 1.26 ab 1.19 b 1.36 المتوسط

LSD 5%   المواعید
0.1093 

  الكثافات
0.109 

المواعید* 
الكثافات 
0.1892 

 

CV% 5.7 

Means having the same letters in a column were not 
significantly different at p<0.05 

ـى   وبالمقارنة بین الكثافات الزراعیة نجد أن الزراعة عل
ـة  وی�معن تتفوق 2نبات/م 14كثافة  ا بمتوسط عرض الورق

سم) ولم تكن  1.18( 2نبات/م 40سم) على الكثافة  1.36(
ـافتین     ـى الكث ـة عل  20و 14الفروق معنویة عند الزراع

ـات  2نبات/م . ولم یكن للتداخل بین مواعید الزراعة وكثاف
 الزراعة تأثیر معنوي في صفة عرض الورقة على النبات.

 المساحة الورقیة:
 ،ا لحجم نظام التمثیل الضوئيلورقیة مؤشر�تعد المساحة ا 

وهي المصدر الرئیس للمادة الجافة، لذا فإن علاقتها وثیقة 
في الجدول  علیها نت النتائج المتحصلوقد بیَّ .بصفات النمو

مع الزراعة  ) وجود زیادة معنویة في المساحة الورقیة4(
ـع    2سم 381.6في الموعد الأول ( ـة م ـروق معنوی ) وبف

ـة،   ،الثاني والثالث الموعدین ولم تكن الفروق بینهما معنوی
كما ازدادت المساحة الورقیة للنباتات المزروعة على كثافة 

ـع   2سم 371.6( 2نبات/م14 ـة م ) وبفروق معنویة مقارن
ـم  2سم 287.3( 2نبات/م 40الزراعة على كثافة  )، بینما ل

ـة    ـى الكثاف  20و 14تكن الفروق معنویة عند الزراعة عل
 ).2سم 335.6( 2نبات/م

ـد  أما التفاعل بین مواعید الزراعة والكثافات الزراعیة  فق

ـث    معنويٌّ كان له تأثیر� ـة، حی في زیادة المساحة الورقی
ـة   تفوقت النباتات المزروعة في الموعد الأول وعلى كثاف

ـروق  2سم 446.5في مساحتها الورقیة ( 2نبات/م 14 ) وبف
ـة  باستثناء ا كافة، معنویة على المعاملات لنباتات المزروع

، 356.8( 2نبات/م 20في الموعد الأول والثاني عند كثافة 
ـاني    2سم 333.0 ـد الث ـي الموع ) والنباتات المزروعة ف

ـات   2سم 378.9( 2نبات/م 14وبكثافة  ـت النبات )، وأعط
ـة   ـات/م  40المزروعة في الموعد الثالث على الكثاف  2نب

 ).2سم 252.9المساحة الورقیة الأقل (

 المساحة الورقیة عد الزراعة والكثافة النباتیة فيتأثیر مو .)4جدول (
 لدى صنف البصل الأحمر المحلي )2سم(

كثافة 
2نبات/م  

الموعد 
 الأول

الموعد 
 الثاني

الموعد 
 المتوسط الثالث

 40كثافة 
2نبات/م  311.6 bc 294.9bc 252.9 c 287.3 b 

 20كثافة 
2نبات/م  

356.8 abc 333.0abc 289.4 bc 335.6a 

 14كثافة 
2نبات/م  446.5 a 378.9ab 319.4 bc 371.6 a 

  a 326.4 b 286.5 b 381.6 المتوسط

LSD 5%   المواعید
41.74 

   الكثافات
41.74 

المواعید * 
  الكثافات  

72.30 
 

CV% 10.5 
Means having the same letters in a column were no significantly 
different at p<0.05 

ـرات      ـي مؤش ـة ف تأثیر موعد الزراعة والكثافة النباتی
 الإنتاجیة لدى صنف البصل الأحمر المحلي:

ـذا    - ـا به قطر البصلة: تباینت مواعید الزراعة فیما بینه
ـي  5المؤشر الجدول ( )، فقد تفوق موعد الزراعة الأول ف

ـى     7.87صفة قطر البصلة ( ـة عل ـروق معنوی سم) وبف
ا على الذي تفوق بدوره معنوی�سم) و 7.46الموعد الثاني (
ـر    6.88الموعد الثالث ( ـفة قط سم)، وبالمقابل تفوقت ص

ـافتین   ـات/م  20و 14البصلة عند الزراعة على الكث  2نب

ـة     7.62، 7.74( ـى الكثاف ـة عل  40سم) وبفروق معنوی
ـد   6.86( 2نبات/م سم). وبمقارنة التأثیر المتبادل بین موع

ـل  یلاح ،الزراعة والكثافة النباتیة ظ من الجدول أن التفاع
ـة    كان معنوی� ـد الكثاف ـد الأول عن  14ا، فقد تفوق الموع
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سم) وبفروق معنویة  8.21بمتوسط قطر البصلة ( 2نبات/م
ـد     ـة الأول عن ـد الزراع على كل المعاملات ماعدا موع

 14وموعد الزراعة الثاني عند الكثافة  2نبات/م 20الكثافة 
ـن   سم، على الت 7.76، 8.03( 2نبات/م ـم تك والي) حیث ل

 الفروق معنویة.
ـلة   .)5( :جدول ـر البص  تأثیر موعد الزراعة والكثافة النباتیة في قط

 لدى صنف البصل الأحمر المحلي )سم(

كثافة 
 2نبات/م

الموعد 
 الأول

الموعد 
 الثاني

الموعد 
 المتوسط الثالث

 40كثافة 
 7.36cde 6.99e 6.23 f 6.86b 2نبات/م

 20كثافة 
 8.03ab 7.64bcd 7.17 de 7.62 a 2نبات/م

 14كثافة 
 8.21a 7.76abc 7.24cde 7.74a 2نبات/م

  7.87a 7.46b 6.88 c المتوسط

LSD 
5% 

 المواعید 
0.1929 

     الكثافات
0.192 

المواعید * 
ــات   ـ الكثاف

0.3340 
 

CV% 4.8 

Means having the same letters in a column were not significantly 
different at p<0.05 

 وزن البصلة:
ـة   ی ـرات الإنتاجی ـم المؤش  ،عد مؤشر وزن البصلة من أه

ـدول (   ـي الج ـوق  6ونستنتج من المعطیات الواردة ف ) تف
ـلة ( الموعد الأول معنوی� غ)  199.3ا بمتوسط وزن البص
 ـ186.9على الموعد الثاني ( ا غ) والذي تفوق بدوره معنوی�
ـلة  غ). كم 154.4على الموعد الثالث ( ا ازداد وزن البص

غ)  238.1( 2نبات/م 14ا عند الزراعة على الكثافة معنوی�
ـات/م  20و 40ا على الكثافة والذي تفوق بدوره معنوی�  2نب

ـبة  ، غ) والفروق بینهما معنویة 190.6، 112.0( أما بالنس
ا كان تأثیر�فقد لتأثیر المتبادل بین العاملین المدروسین إلى ا
ـي    تفوق  إذا، معنوی� ـة ف ـات المزروع وزن البصلة للنبات

ـات/م  14الموعد الأول وبكثافة   ـ 267.5( 2نب ا غ) معنوی�
ـى    كافة، على المعاملات ـة عل باستثناء المعاملة المزروع

ـین غ)،  256.3( نفسه وللموعد 2نبات/م 20كثافة   في ح
 2نبات/م 40أعطت معاملة الزراعة بالموعد الثالث بكثافة 

 غ). 100.00( أقل متوسط لوزن البصلة
ـدول  ـلة  .)6( :ج  تأثیر موعد الزراعة والكثافة النباتیة في وزن البص

 لدى صنف البصل الأحمر المحلي )غ(

كثافة 
 2نبات/م

الموعد 
 الأول

الموعد 
 الثاني

الموعد 
 المتوسط الثالث

ـة  ـ  40كثاف
 190.5bc 172.8 c 100.0 e 112.0 c 2نبات/م

ـة  ـ  20كثاف
 a 190.0bc 114.4 de 190.6 b 256.3 2نبات/م

ـة  ـ  14كثاف
 a 208.9 b 121.4 d 238.1 a 267.5 2نبات/م

  199.3a 186.9 b 154.4 c المتوسط

LSD 5%  المواعید 
  11.28 

   الكثافات
  11.28 

المواعید * 
  الكثافات  

19.53 
 

CV% 11.5 

Means having the same letters in a column were not significantly 
different at p<0.05 

 :المساحةالإنتاجیة في وحدة 
ـد   متعكس الإنتاجیة في وحدة المساحة الدور ال ـم لمواعی ه

) إلى 7الزراعة المدروسة، فقد أشارت النتائج في الجدول (
وجود زیادة معنویة في متوسط إنتاجیة وحدة المساحة من 

ـد الأول (   ـي الموع  2130الأبصال الجافة عند الزراعة ف
) 2كغ/م1994بفروق معنویة على الموعد الثاني () و2كغ/م

)، كما 2كغ/م 1687ا على الثالث (والذي تفوق بدوره معنوی�
 40ا عند الزراعة على كثافة ازداد متوسط الإنتاجیة معنوی�

ـة  2كغ/م 2239بین النباتات ( 2نبات/م ) مقارنةً مع الزراع
). 2كغ/م1667، 1906( 2نبات/م 14و 20على المسافتین 

ـه  و بدراسة التأثیر المتبادل بین العاملین المدروسین نجد أن
ـد    ـي الموع معنوي، حیث تفوقت الإنتاجیة عند الزراعة ف

ـروق  2كغ/م 2428( 2نبات/م 40الأول عند الكثافة  ) وبف
ـي   ،معنویة على كل المعاملات باستثناء معاملة الزراعة ف
ـات/م  20الموعد الأول عند المسافة  ـغ/م  2089( 2نب ) 2ك

ـات/م  40لزراعة عند الموعد الثاني بكثافة وا  2289( 2نب
ـي  في حین )، 2كغ/م كانت الإنتاجیة الأقل عند الزراعة ف

 ). 2كغ/م 1333( 2نبات/م 14الموعد الثالث على الكثافة 
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ـدة   .)7( :جدول تأثیر موعد الزراعة والكثافة النباتیة في إنتاجیة وح
 لمحليلدى صنف البصل الأحمر ا) 2كغ/م(المساحة 
كثافة 
2نبات/م  

الموعد 
 الأول

الموعد 
 الثاني

الموعد 
 الثالث

 المتوسط

 40كثافة 
 2نبات/م

2428a 2289ab 2000bc 2239a 

 20كثافة 
 2نبات/م

2089abc 1900c 1728c 1906b 

 14كثافة 
 2نبات/م

1872c 1794c 1333d 1667c 

  2130a 1994b 1687c المتوسط

LSD 5%  المواعید 
  127.7 

  ثافاتالك
   127.7 

المواعید * الكثافات  
221.2 

CV% 12.1 
Means having the same letters in a column were not 
significantly different at p<0.05 

 النسبة المئویة للمادة الجافة:
ـدول ( توضِّ   ـوى  8ح المعطیات الواردة في الج ) أن محت

د الزراعة في الموعد الأبصال من المادة الجافة قد ازداد عن
%، على التوالي) وبفروق 22.59، 22.85الأول والثاني (

%). كما ازداد 21.94معنویة على موعد الزراعة الثالث (
ـى     ـة عل ـد الزراع محتوى الأبصال من المادة الجافة عن

%) وبفروق 22.59، 22.85( 2نبات/م 20و 14الكثافتین 
لتداخل بین %)، ا21.94( 2نبات/م 40معنوي على الكثافة 

ا في نسبة مواعید الزراعة وكثافات الزراعة لم یكن معنوی�
 المادة الجافة.

ـادة    .)8( :جدول ـبة الم تأثیر موعد الزراعة والكثافة النباتیة في نس
 لدى صنف البصل الأحمر المحلي )%( الجافة

 2كثافة نبات/م
الموعد 
 الأول

 الموعد الثاني
الموعد 
 الثالث

 المتوسط

ـة  ـ ـ ـ  40كثاف
 2نبات/م

23.09 a 22.97 a 19.78 b 21.94 b 

ـة  ـ ـ ـ  20كثاف
 2نبات/م

23.85 a 22.87 a 21.04 b 22.59 a 

ـة  ـ ـ ـ  14كثاف
 2نبات/م

24.03 a 23.91a 20.61 b 22.85 a 

  a 22.59 a 21.94 b 22.85 المتوسط

LSD 1% 
 المواعید 

  
0.5168 

ـات        الكثاف
0.5168 

ــات ــد * الكثاف   المواعی
0.8952 

CV% 3.4 

Means having the same letters in a column were not significantly 
different at p<0.01 

 المناقشة
ـة الأول (   30تشیر النتائج السابقة إلى تفوق موعد الزراع

ـو     ـرات النم ـي مؤش أكتوبر الشتل في الأرض الدائمة) ف
النتائج مع ما هذه تتوافق و الخضري والإنتاجیة والنوعیة،

 ,.Hamma, 2013; Mehri et al) من  إلیه كل�توصل 

2015; Misra et al., 2014)   ـة والذین بینوا أن الزراع
 أوراقه،هم في زیادة ارتفاع النبات وعدد مالمبكرة لها دور 

ـد الأول  زیادة المساحة الورقیة،  علیهو حیث ساهم الموع
ـن   في تعأكتوبر  30 ـة م رض النبات إلى ظروف مناخی

ـري   درجة الحرارة وفترة إضاءة ملائمة لتكوین نمو خض
ما زاد من كفاءة المواد الغذائیة المصنعة خلال  ، وهوجید

ـوین أوراق    ،عملیة البناء الضوئي ـي تك والتي تستخدم ف
ـي     ـة والت ـرى المدروس جدیدة مقارنةً مع المواعید الأخ

في  انخفاض� -ین الأوراقخاصة خلال فترة تكوبو -رافقها
(دخول فصل الشتاء) درجات الحرارة وقلة فترة الإضاءة 

ـرة   ما سبَّوهو  ـلال فت ب قلة المواد الغذائیة المخصصة خ
ـه   ،البناء الضوئي ـي   ترت�ب علی ـاض ف ـرات  انخف المؤش

ـل�  ـن   المدروسة، كما بی�ن ك  ,.Aboukhadrah et al(م
2017; Ashagrie et al., 2021; Dawar et al., 
2007; Ibrahim, 2010; Misra et al., 2014; Patil 
et al., 2012; Potter et al., 1999; Ud-Deen, 

2008; Verdial et al., 2001( . 

ـة  لها دور إیجابيأن الزراعة المبكرة   ،في زیادة الإنتاجی
ـبة    وتعطي الأبصال ذات القطر الأكبر وتز ـن النس ـد م ی

ـى   یعزى ذلكوربما الأبصال،  المئویة للمادة الجافة في إل
ـر  المتشك�لة في موعد الزراعة المبكر أن عدد الأوراق  أكب

ـأخرة،  من عدد الأوراق المتشك� لة في موعد الزراعة المت
ـال  دوهذه تع ـعملیة نمو الأبص ـورد    ؛مفتاح�ا ل ـا الم لأنه

یادة القدرة الفعالة على الرئیس لزیادة الإنتاجیة من خلال ز
ـوئي    ـاء الض  ,Mettananda & Fordham(عملیة البن

السكروز الذي  ی�نتَجفخلال عملیة البناء الضوئي  ، )1999
ـلنبات   خزَّی�نقل وسی� ـ ـة ل ن في الأنسجة الهیكلیة والتخزینی

ـوز   ی�حوَّلبصال، حیث ل الأأثناء تشك� السكروز إلى الغلوك
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ـغط الأ  والفركتوز، والذي بدوره ـموزي  یزید من الض س
وعندها یتحرك الماء  ،للمواد الذائبة في خلایا غمد الورقة

ـال   ویحدث تمدُّ ،إلى الداخل ـم الأبص د للخلیة وزیادة حج
 . )Brewster, 2008( الناتجة

ـه  أما فیما یتعلق بال كثافة النباتیة فقد بیَّنت النتائج السابقة أن
ـة    ـاحة الغذائی كلما ازدادت الكثافة النباتیة انخفضت المس

ـى   دزت علیهو ،المخصصة لكل نبات ـا عل اد المنافسة بینه
ـي  سلب� أث�رما ، وهو الماء والمواد الغذائیة اللازمة للنمو ا ف

النتائج ارتفاع النبات وعدد الأوراق المنتجة، وتتوافق هذه 
من  )Mettananda & Fordham, 1999( مع ما وجده 

ـات/م  20، 10أن الكثافة النباتیة المنخفضة ( ـبَّ 2نب بت ) س
ن إزیادة معنویة في عدد الأوراق على نبات البصل، حیث 

ـات   الكثافة الزراعیة المنخفضة تقل� ـین النبات ل المنافسة ب
ـى  ا یؤدي م ، وهوفر الماء والعناصر الغذائیةاوتتیح تو إل

ـات   ، )Khan et al., 2003(زیادة عدد الأوراق على النب
ـل� مع ما بیَّ النتائج المتحصَّل علیهاكما تتوافق  ـن  نه ك  م

)Awas et al., 2010; Bosekeng & Coetzer, 
2015; Geries et al., 2015; Islam et al., 2015; 
Rumpel & Felczyński, 2000; Saud et al., 

2013; Shock et al., 2015(  ـى أ ـدد  وأشاروا إل ن ع
بي یجاإهم ومالنباتات المزروعة في وحدة المساحة لها دور 

في تحدید حجم الأبصال وقطرها والإنتاجیة، فالنباتات ذات 
ـال   الكثافة العالیة تمیل إلى إنتاج إنتاجیة عالیة من الأبص
ـة     ـادة الكثاف ـى أن زی الصغیرة، ویعود السبب في ذلك إل

ـمن   إلى ؤدي تالنباتیة  ـة ض زیادة عدد الشتلات المزروع
ـث  الإنتاجی ضإلى انخفاالقطعة التجریبیة مما یؤدي  ة، حی

ن زیادة المسافة الزراعیة بین النباتات ینتج عنها زیادة في إ
زیادة وزن البصلة وقطرها، ولكن   ، وعلیهالنمو الخضري

ومن الممكن أن تكون الزیادة  ،یحدث انخفاض في الإنتاجیة
في قطر البصلة، المواد الصلبة الذائبة، والمادة الجافة عند 

ـواد   المسافات الكبیرة بین النباتات  ـى الم لقلة المنافسة عل
ـار    ـال ذات اقط الغذائیة والرطوبة والتي تنتج عنها أبص

 .وأوزان مرتفعة
 استنتاج

أكتوبر مع الكثافتین  30ساهمت الزراعة في الموعد الأول 
في تحسین النمو والإنتاجیة والصفات  2نبات/م 20أو  14

ـار دورة    ـي واختص النوعیة لصنف البصل الأحمر المحل
ـات  حیاته إل ى موسم واحد من خلال الحصول على الأمه

 من البصل (للاستهلاك المحلي) من خلال عملیة الشتل.

 الأخلاقیات البحثیة

هذا البحث أصیل وبإشراف الباحث الأول، وجمیع البیانات 
 أصیلة ولیست مقتبسة.

ـة  ازدواجیة الاهتمام:  الباحثون الذین أعدوا هذه المخطوط
مة او اات عم مزدوج مع جهعدم وجود أي اهتمایؤكدون 
 خاصة.

ساهم المؤلف الأول والثاني في تطویر  مساهمات المؤلف:
ـاهم     ـا، وس ـات وتحلیله فكرة البحث وأدواته وجمع البیان
المؤلف الثالث والرابع في جمع البیانات وإعداد المخطوطة 

 النهائیة.

ـل:  تم التمویل لهذه المخطوطة من قبل الهیئة العامة  التموی
 العلمیة الزراعیة.للبحوث 

 المراجع
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Abstract: The study was conducted to test the effect of aqueous extracts of the leaves of 
ten medicinal plants growing naturally in Al-Jabal Al-Akhdar region – northeast Libya, 
which include: Alhagi (Alhagi camelrum), Mugwort (Artimesia herba-alba), Everlasting 
(Helichrysum stoechas), Chamomile (Anthemis noblis), Stinkweed (Peganum harmala), 
Nettle (Urtica dioica), Rosemary (Rosmarinus officinalis), Rue (Ruta graveolens), 
Geranium (Pelargonium graveolens) and Castor (Risinus communis) using poisoned 
plate method in PSA medium against Sclerotinia sclerotiorum caused seeds’ rot and 
seedlings damping-off. The results showed a significant difference in inhibition 
effectiveness in all extracts against the tested fungus. Among all plants, H. stoechas was 
the most effective (88.4%), followed by U. dioica (79.1%), then P. harmala (78.3%). 
Chemical detections showed that the extracts of H. stoechas, P. harmala, and U. dioica 
contained some antioxidants:  phenols, flavonoids, and tannins. Based on these results 
application of plant extracts can be considered a beneficial strategy for controlling 
fungal plant diseases. 
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 في المعمل Sclerotinia sclerotiorumالنباتات طبیة لیبیة ضد  لبعضفعالیة الم�ستخلصات المائیة 
ـة  :  الكلمات المفتاحی

 نباتات طبیة؛

 م�ستخلصات مائیة؛
 النمو القطري؛
Sclerotinia 
sclertiorum؛ 

 لیبیا.

 

 -أنواع من النباتات الطبیة النامیة بمنطقة الجبل الأخضر 10استهدفت هذه الدراسة اختبار فعالیة المستخلص : 
ـاقول،    ـراص، والع ـة   شمال شرق لیبیا، م�مثلة في الشیح، وإكلیل الجبل، والحرمل، والقُ ـان، وحشیش والعطرش

ـط   طریقة الطبق المسموم الأرنب، والخروع، والبابونج، والسذاب في صورة م�ستخلصات مائیة خام ب ـي الوس ف
ـادرات.   Sclerotinia sclerotiorumضد النمو القُطري للفطر  PSAالغذائي  المسبب لعفن البذور وسقوط الب

ـات   أشارت النتائج إلى تباین معنوي في التأثیر التثبیطي للم�ستخلصات على نمو الفطر حیث سجل م�ستخلص نب
%) یلیه الحرمل بنسبة 79.1% متبوع�ا بنبات القُراص (88.4حشیشة الأرنب فعالیة أكبر في تثبیط الفطر بنسبة 

ـادات   تستخلصا%. بیَّن الكشف الكیمیائي احتواء م�78.4 حشیشة الأرنب، والحرمل والقراص على بعض م�ض
استناد�ا إلى هذه النتائج فإن تطبیق الم�ستخلصات النباتیة یمكن أن  ولات والفلافونیدات والتینینات.الأكسدة من الفین

 م�فیدة للسیطرة على أمراض النبات الفطریة. استراتیجیةیعد 

 المقدمة
شمال شرق لیبیا من المناطق  -عد منطقة الجبل الأخضرتُ

ـذه   الغنیة بالتنوع النباتي؛ إذ یصل عدد الأنواع النباتیة به
ـة   1100المنطقة إلى  نوع تختلف من بریة وطبیة وعطری

ـى    أو في شكل أعشاب وأشجار  ـوي عل ـجیرات تحت وش
ـادة   م�ركبات كیمیائیة كنواتج أیضیة ثانویة دفاعیة أو م�ض

ـیة     ـببات المرض ـة الم�س من الم�م�كن أن تسهم في م�كافح
ـاتي،      ـاء النب ـیم الغط ـة وتقی للمحاصیل الزراعیة (دراس

2005.( 

ـة   اتجهت الدراسات إلى استخدام النباتات الطبیة والعطری
ت الفعالة في م�كافحة الكائنات لاحتوائها العدید من الم�ركبا

ـة      ـة للبیئ ـر م�لوث ـة وغی الم�م�رضة، فضلًا عن كونها آمن

https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.952&amp;domain=pdf&amp;date_stamp=2008-08-14
https://omu.edu.ly/journals/index.php/mjsc/index
https://doi.org/10.54172/mjsc.v37i4.952
mailto:Zahra.Ibrahim@omu.edu.ly
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.952&amp;domain=pdf&amp;date_stamp=2008-08-14
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v37i4.952&amp;domain=pdf&amp;date_stamp=2008-08-14
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)Schwan-Estrada & Stangarlin, 2005( ــث ، حی
ـور وأ (اختبر  ـرون منص ـي   2012 ،خ ـأثیر التثبیط ) الت

للخُلاصات المائیة لنباتات الریحان، الثوم، الكافور، والدفلة 
ـائج    ـجلت النت ضد بعض الفطریات الم�م�رضة للنبات، وس

 اختلافات معنویة في النمو القُطري النبات. 

ـو  2013، لاربد( تمكنفي دراسة أخرى  ) من خفض النم
ـبب   القُطري وم�كافحة العفن الرمادي على الأبصال الم�تس

بعد المعاملة بالم�ستخلصات  Botrytis cinerea عن الفطر
، في حین لُوحظ المائیة لنباتات الشیح، والنعناع والبردقوش

ـي    ـجعة ف أن م�عظم الم�ستخلصات المائیة أعطت نتائج م�ش
ـر   ـوم،     S. sclertiorumتثبیط الفط ـیم، الث ـب الن بترتی

القرنبیط، النعناع، والبصل، حیث تفوقت م�عاملة م�ستخلص 
  ).2015% (زوین وداوود، 84.4النیم بنسبة تثبیط بلغت 

ـذه     ـت ه ـا أُجری ونظر�ا إلى تنوع الفلورا النباتیة في لیبی
ـات    ـبعض النبات الدراسة لتقییم فعالیة الخُلاصات المائیة ل

ـرق    –النامیة طبیعی�ا في منطقة الجبل الأخضر  ـمال ش ش
ـلًا  ف S. sclerotiorumلیبیا ضد النمو القُطري للفطر  ض

ـات  عن الكشف اللوني عن م�ضادات الأكسدة  في الخُلاص
الفعالة والتي من الم�مكن أن تكون م�فیدة في إدارة أمراض 

 النبات.

 مواد وطرائق البحث

ـن  للنباتات الطبیة والعطریة تمت عملیة الجمع  ـة م  منطق
عدة مواقع شملت: البیضاء، وشحات، الجبل الأخضر في 

واسلنطه، وجردس، والوسیطة، والحمامة الجنوبیة (جدول 
ـمل  1، شكل 1 )، حیث ج�مع المجموع الخضري والذي ش

الخالیة من أعراض نقص العناصر أو أي  الأوراق السلیمة
ـي   أعراض أخرى، فضلًا عن جمع الأغصان والأزهار ف

معت النباتات ج�، والةلاستخلاص المواد الفعبعض النباتات 
حیث تم  ،هو الوقت المناسب لجمع العیناتو ،وقت التزهیر

ففي  اكتمالها،زهار حتى بدایة جمع العینات من بدء تفتح الأ
ـن    على م�أهذه الفترة توجد المادة الفعالة في  ـا م ـدل له ع

 ).2007الیحیى، ختلفة (مراحل النمو الم�

ـري (الأوراق، الأ  ـان  جرى تنظیف المجموع الخض غص
ـاء    ـن الم الصغیرة والأزهار) بغسله تحت تیار خفیف م

 %10 خففم� تجاريا في محلول كلوركس وتعقیمه سطحی�
عقم مرة أخرى لإزالة آثار التعقیم. ج�ففت بالماء الم� وغسله�

ـي   ،ا عن أشعة الشمسالعینات في الظل بعید� ثم س�حقت ف
غلقة جاجیات م�ضعت في ز�الخلاط حتى أصبحت ناعمة وو�

 ا عن الرطوبة.بعید�

 أسماء النباتات الم�ستخدمة والجزء الم�ستعمل ومكان الجمع). 1(جدول 

 مكان الجمع الج�زء الم�ستعمل العائلة الاسم العلمي عبيالاسم الش الاسم العربي
 جردس والأغصانالأوراق  المركبة Artimesia herba-alba الشیح الشیح الأبیض

 شحات الأوراق الشفویة  Rosmarinus officinalis الإكلیل إكلیل الجبل
 الحمامة الجنوبیة الأوراق والأغصان   الغردقیة Peganum harmala الحرمل الحرمل

 شحات الاوراق القراصیة  Urtica dioica الحریق القراص  
 الوسیطة الأوراق البقولیة Alhagi camelrum  شوك الجمل العاقول

 شحات الأوراق الغرنوقیة Pelargonium graveolens العطرشان العطرشان
 الوسیطة الأوراق والأزهار الم�ركبة Helichrysum stoechas عشبة الأرنب حشیشة الأرنب

 شحات الأوراق السوسنیة Risinus communis الخروع الخروع
 اسلنطة الأوراق والأزهار النجمیة Anthemis noblis القمیلة البابونج
 البیضاء الأوراق والأزهار السذابیة Ruta graveolens الفیجل السذاب
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 الشكل العام للنباتات تحت الدراسة ).1شكل (

جم من بودرة كل نبات مع  50ط ل�خُ: ستخلصاتتجهیز الم�
ـدة  عقم بواسطة قطر م�مل ماء م� 50 ـائق  5خلاط لم  ،دق
ـاعة (  24دة علق الناتج لم�رك الم�وتُ ـي  Overnightس ) ف

ـل (   مكان م� ـرارة المعم ـة ح °). م23-20ظلم وفي درج
ص لاصة باستخدام عدة طبقات من الشاش للتخلُشحت الخُر�

شحت مرة لیاف غیر المسحوقة، ثم ر�من البقایا النباتیة والأ
ـوع   أ ـیح ن  2No Whattmanخرى بواسطة ورق ترش

ـوائ   Bukhnerباستخدام قمع  ـع الش ب، للتخلص من جمی
ـاء   ر من خلالرِّخذ الراشح وم�أُو ـري غش  μm 0.22بكتی

ــطة ــح م� بواس ــائي  Zitesرش ــغ الكهرب ــاز التفری وجه
)Pump( ،ـة  قبل الم�ستخلص في ز�جاجات م�عقمة ب�ستُوا نی

ـح  وو�ضعت في الثلاجة  ،حكمة الغلقاللون م� لیكون الراش
ـذائي ا للإضافة إلى اهز�ا وجمعقم�  Amadi et( الوسط الغ

al., 2010(. 

ـة  تم الحصول على : رضم�الفطر الم�مصدر  ـر عزل  الفط
ــرض ـن  Sclerotinia sclerotiorum الم�م� ـ ـذورم ـ  ب

ـا و والتي جرى صابة م� فاصولیا ـل   عزله ـا بمعم تعریفه

ـة    –قسم وقایة النبات  –أمراض النبات  ـة الزراع  –كلی
 جامعة عمر المختار.

 :Poisoned Plate Methodطریقة الطبق المسموم 
ـفها    هذه اُتبعت في ـي وص ـة الت  Dixit التجربة الطریق

 ـقامت الباحثة بحیث  )1974خرون (أو ـط  یتحض ر الوس
ـكروز    لغذائي ا ـاطس والس ـار البط  Potatoخلاصة آج

Sucrose Agar (PSA) ُـة   تمس�وق في دوارق مخروطی
مت، وعندما أصبحت ثم ع�ق�مل/ دورق، 45بم�عدل  زجاجیة

ـا  وقبل أن تتصلب أُ ºم45درجة حرارتها بحدود  ضیف له
ـت ا ور�جت قلیلً النباتات،خُلاصة من  مللیتر5 ـل   وو�زع ك
في م�عاملة الشاهد استُبدلت خُلاصة  باق.bأط 3عاملة في م�

ـین م� النبات بالماء الم�قطر الم�عقم. و ـم  بواسطة ثاقب فل عق
ـن   5طرها تساویة قُطباق بأقراص م�حت جمیع الألُق� ـم م م

ـر   ـر   S. sclertiorumحواف مزرعة الفط ـام   7بعم أی
ـي م�  ضع بشكل مقلوب عوو� ـط ف ـف  لى سطح الوس نتص

ـذت   .ºم25في درجة حرارة  وح�ضنت الأطباق، الطبق أُخ
ـق   النتائج بعد أن غطى الفطر الم�م�رض كامل مساحة الطب

ـلال   في م�عاملة الم�قارنة، إذ س�جل قطر النمو للفطر من خ
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ـر تعامد لم�طر م�قیاس قُ ـذ م� أُو ،ستعمرة نمو الفط ـدل  خ ع
ـا  وم� ،)Tao et al., 2011(في كل طبق  القراءتین قارنته

 Datta( عادلةا لم�ثبیط وفقًوحساب نسبة الت عاملة الشاهدبم�

et al., 2004( : 
ـر   –نسبة التثبیط (%) = قطر النمو في طبق الشاهد  قط

ـق    100 ×النمو في طبق الم�عاملة  ـي طب / قطر النمو ف
 الشاهد

ـت    3اختیرت : ا: الكشف الكیمیائيثانی� ـط أعط نباتات فق
ـراص     ـل والقُ ـي الحرم أعلى فعالیة في تثبیط الفطر وه

ـام  وحشیشة الأرنب.  استخدمت عینات من الخُلاصات الخ
ـة  2(شكل )  للكشف عن بعض المكونات الكیمیائیة النباتی

الأساسیة أو الأولیة التي ی�حتمل وجودها في النباتات تحت 
الدراسة. اُعتمدت وسائل الكشف اللونیة وفقًا للطریقة التي 

 .)Apsara, 2012( ذكرها

 

 الم�ستخلصات المائیة الخام للنباتات المختبرة ).2شكل (

نقاط قلیلة  أُضیفت ):Alkaloidsالكشف عن القلویدات (
ـى  0.1) تركیز C6H3N3O7من حمض البكریك (  5% إل

ـوُّ  مل من خُ ـار، تك ـون  الن لاصة النبات في أنبوبة اختب ل
ـ صفر إشارة علىلأا ـ  . Alkaloidsوجود ال

ــن الأ ــف ع ــات (الكش  ):Anthraquinonesنثراكوین
ـن   1) إلى CHCl3مل من الكلوروفورم ( 2أُضیف  مل م

ـرَّ   ألاصة النبات في خُ ـع ال ـار م ـتخدام   جِّنبوبة اختب باس
Voryex mixer �ـیح. ر� متبوع ـرة    جَّا بالترش ـح م الراش

ـا    أخرى في وجود كمیة م� ـول الأمونی ـن محل ساویة له م

 ـ%. ظهور لون وردي م�10 ـ ـ  شع دلیل على وجود ال

Anthraquinones . 

ـة    :)Flavonoidsالكشف عن الفلوفونیدات ( ـي أنبوب ف
ـبة  اختبار أُضیف محلول الأمونیا إلى خُ لاصة النبات بنس

ـز مل من حمض الكبریتیك الم� 1ا بإضافة متبوع� 1:5  رك
)H2SO4( شارة على وجود إه ؤصفر واختفاأ. ظهور لون
 . Flavonoidsـال

مل  5 أُضیف :)Glycosidesالكشف عن الجلیكوسیدات (
ـي   2لى إلاصة النبات من خُ مل من حمض الخلیك الثلج
ـدیك  بإضافةا متبوع�  نقطة واحدة من محلول كلورید الحدی

)FeCl3( ن حلقة ركز. تكوُّمل من حمض الكبریتیك الم� 1و
ـود      ـى وج ـة عل ـداخلي دلال ذات لون بني على الوجه ال

ـ ـ  .Glycosidesال

ـن   0.5 و�ضع :)Phenolsالكشف عن الفینولات ( مل م
ـة   في أنبوبة اختبار، أُضیف إلیهالاصة النبات خُ نقاط قلیل

ـدیك  ـز   )FeCl3( من محلول كلورید الحدی %. 0.5تركی
ـود الم�   إشارةخضر داكن أن لون تكوُّ ـى وج ـات  عل ركب

 الفینولیة.

 مل1 أُضیف :)Phlobataninsالكشف عن الفلوبتینات (
مل  5لى إ% 1تركیز  )HCL( من حمض الهیدروكلوریك

ـى   من خُ ـائي حت لاصة النبات. غلي المخلوط في حمام م
 .Phlobatanins وجود الدلیل حمر أراسب  ظهور

مل من  2 أُضیف :)Steroidsالكشف عن السترویدات (
ـم    مل من خُ 0.5لى إالخلات اللامائیة  ـات، ث ـة النب لاص

ر اللون . تغیُّ)H2SO4( الكبریتیك مل من حمض 2 یفضأُ
ـود   علىشارة إخضر و الأأزرق من البنفسجي الى الأ وج

ـ ـ  .Steroids ال
مل من الماء  5 خُلط :)Tanninsالكشف عن التینینات (

لى حمام مائي إقلت لاصة النبات ونُمل من خُ 1 معقطر الم�
ـة   وأُضیفت إلیه ،د الخلیطرِّثم ب� ،الغلیان حتى قطرات قلیل

حتى  ا% تدریجی�0.1من محلول كبریتات الحدیدیك تركیز 
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ـى   وهو مؤشررق ز�سود م�أو أخضر ظهور لون بني م� عل
 .Tannins وجود ال

مل من  5ضع و� :)Terpenoidsالكشف عن التربینات (
نبوبة اختبار أمل من الكلوروفورم في  2لاصة النبات و خُ
ـك الم� مل من ح 3ا ضیف لها تدریجی�أُ ـز  مض الكبریتی رك

ـة م�  حتى تكوُّ ـة بنی ـرة  ن طبق ـارة حم ـى  إش ـود   عل وج
ـ  .Terpenoidsال

ملیلیتر من  5 جَّر� :)Saponinsالكشف عن السابونینات (
ظهور حتى نبوبة اختبار أفي  ستخلص المائي لمدة دقیقةالم�

 ـ دقیقة  15دامت لمدة رغوة كثیفة  ـ ـود ال  دلیل على وج

Saponins )Edeoga et al., 2005(  . 

ـراتنج (  ـیف  :)Resinsالكشف عن ال ـن    5 أُض ـل م م
 ـ 0.1لى إ )C5H10( الهكسان ا جم من بودرة النبات متبوع�

ـرج  سیتات النحاس مع أمن محلول  نفسها بإضافة الكمیة ال
حتى تنفصل الطبقات. ظهور لون المخلوط رك تُ ثم ،اجید�

ــة     أ ـواد راتنجی ـود م ـى وج ـل عل ـر دلی  Resins خض
)Ewansiha et al., 2016( . 

 ـنُ التحلیل الإحصائي ـة ذت فّ� ـمیم    التجرب ـتخدام التص باس
ـة   تحلیل أحادي الجهة. العشوائي التام في  ـب المئوی النس

ــوِّح� ــت زاوی� ــداول ل ــن ج  Percentage Angleا م

= Arcsin�Percentage   ــل ــائی�اقب ــا إحص  تحلیله
ـتوى   LSDاختبار و Co Statباستخدام برنامج  تحت مس

 .املاتع�توسطات الم�ارنة بین م�قَ) للم�P ≥  0.05(المعنویة 
 

 النتائج

ـة      ـات المائی ـأثیر الم�ستخلص ـار ت استهدفت التجربة اختب
ـو   للنباتات تحت الدراسة بطریقة الطبق المسموم ضد النم

ـط    S. sclerotiorumالقطري لمیسلیوم الفطر  ـي الوس ف
ـي    PSAالغذائي  ـتلاف ف ـود اخ . أشارت النتائج إلى وج

) 3فعالیة الم�ستخلصات النباتات وتثبیطها لنمو الفطر (شكل 
ـل،     م�قارنة ـات الحرم ـرت م�ستخلص بالشاهد، حیث أظه

ـراص    ـر�ا القُ الخروع، إكلیل الجبل، حشیشة الأرنب وأخی
ـات     ـاوت م�ستخلص ـین تس تثبیطًا بدرجات م�ختلفة، في ح
ـدم    ـي ع العطرشان، العاقول، السذاب، البابونج، الشیح ف

ـاهد.    ـا للش ـة   نشاطها ضد الفطر وم�طابقته ـت نتیج أعط
ـیط     الم�عاملة بم�ستخلص حشیشة ـبة تثب ـى نس الأرنب أعل

ـة   78.3% و 79.1%، یلیها 88.4 ـن الم�عامل % ناتجة ع
ـة      ـوالي، ومتبوع ـى الت ـل عل بخُلاصة القُراص والحرم
ـیط   ـم�ستخلصي الخروع والإكلیل اللذین سجلا نسبة تثب ب

 ـ ـب،  56.0% و70.7في نمو الفطر بلغت  % على الترتی
نتائج  فیما كانت باقي الم�ستخلصات غیر فعالة ضد الفطر.

ـین      ـة ب ـات معنوی ـود فروق التحلیل الإحصائي بیَّنت وج
 الم�ستخلصات في تأثیرها على النمو القُطري للفطر.

 

ـر   ).3شكل ( ـو الفط  .S      تباین فعالیة الم�ستخلصات النباتیة في تثبیط نم
sclerotiorum بطریقة الطبق المسموم 

 فصل عند معنویة فروق وجود عدم إلى شیرتُ نفسه بالحرف المتبوعة الأعمدة
 (P ≤ 0.05). المعنویة مستوى تحت المتوسطات

أعطت المركبات الكیمیائیة في الخُلاصة : الكشف الكیمیائي
ـة   المائیة للنباتات استجابات م�ختلفة أثناء الكشوفات الأولی
ـى     ـة عل ـر للدلال تمثلت في ظهور ألوان م�ختلفة كالأخض

ـولات،   المواد الراتنجیة، الأخضر الداكن إشار ـى الفین ة إل
ـوة   اللون الب�ني الم�خضر إشارة إلى وجود التینینات،  ورغ

ـكل     ـابونینات (ش ـود الس ـت  بیَّ ).4الصابون دلیل وج ن
ـي   الاختبارات اللونیة للكشف عن الم� ـة ف ركبات الكیمیائی

ـدول (  وضحةختبرة الم�ستخلصات النباتات الم�م� ) 2في الج
ـواع  أتفاوت باختلاف وجودها بشكل م� ـث   ن ـات، حی النبات
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ـط،   )Alkaloids( لت القلویداتجِّس� في نبات الحرمل فق
ـیدات راص وحشیشة الأواحتوى القُ  رنب على الجلایكوس

)Glycosides(ــولات ـ ــات)Phenols( ، الفین ـ  ، التینین
)Tannins( والتریبونات )Terpenoids(  ـود ، وثبت وج

ـین  في جمیع الم� )Resins( الراتنجات ستخلصات، في ح
 ـ )Saponins( ابونیناتسظهرت ال راص في الحرمل والقُ

 .سهم أحمر) -4(شكل فقط
   لاصات المائیة الخامالكیمیائیات النباتیة في الخُ ).2( جدول

 

 رنبحشیشة الأ راصالقُ الحرمل الكیمیائیة ركباتالم�
 - - + قلویدات

 - - - نثركویناتأ
 + - - فلافونویدات

 + + - جلایكوسیدات
 + + - فینولات

 - - - فلوتبینات
 - + + سابونینات

 + + - تینینات
 + + - تریبونات
 + + - راتنجات

 ركب الكیمیائي+: دلیل وجود الم�
 ركب الكیمیائي: دلیل عدم وجود الم�-
 

 
ـي       ).4شكل ( ـائي ف ـب الكیمی ـاختلاف الم�رك ـا ب اختلاف الألوان ودرجاته

 الم�ستخلص النباتي.
A ،حشیشة الأرنب :B الحرمل و :C  ـابونینات : القُراص. (لاحظ رغوة الس

 عند السهم)

 الم�ناقشة

ـي      10استخدمت الدراسة  ـت ف ـا تمثل ـو محلی� نباتات تنم
ـل،      ـابونج، والإكلی ـل، والب ـذاب، والحرم الخروع، والس
ـان،     ـب، والعطرش ـة الأرن والقُراص، والعاقول، وحشیش
ـا   والشیح والتي ج�ف�فت وجرى استخلاصها مائی�ا، واختباره

في  S. sclerotiorumبطریقة الطبق المسموم ضد الفطر 
، وأوضحت النتائج ظهور اختلافات PSAالوسط الغذائي 

ـت       ـة، وكان ـدرجات م�ختلف ـر ب ـیط الفط معنویة في تثب
ـا   م�ستخلصات حشیشة الأرنب، والحرمل والقُراص أكثره
ـات    ـت م�ستخلص فعالیة، یلیها الخروع والإكلیل، فیما كان
ـر    ـیح غی العطرشان، والعاقول، والسذاب، والبابونج والش

قت نتائج هذه الدراسة مع نتائج دراسات عدیدة فعالة. تطاب
ـاختلاف       ـر ب ـیط الفط ـة تثب ـتلاف درج أشارت إلى اخ

ـتخدم    ـتخلص الم�س  ;Dellavalle et al., 2011(الم�س

Farooq et al., 2010; Masih et al., 2014(  ـن ؛ زوی
ـة    -ربما -)، ویعود ذلك2015وداود،  ـتلاف كمی إلى اخ

ـا أن   المواد الفعالة في م�ستخلص كل نبات عن الآخر، كم
ـى   اختلاف مناطق التثبیط بین الم�ستخلصات ربما یعود إل
ـأثر   س�مك الخیط الفطري الذي یؤدي دور�ا واضح�ا في الت

ـطحیة   بالمواد الفعالة، علاوة على أن ازدیاد المساحة الس
للخیوط الفطریة قد یؤدي إلى تأثرها أثناء امتصاص المواد 

ـا    ـبط نموه  ,Moss(الم�ثبطة في الم�ستخلص، لذا فإنها تث

یعود التأثیر إلى انتشار بعض المواد السامة ، أو قد )1986
والم�ثبطة للفطر في الوسط الغذائي لمنع النمو، وبناء� علیه 

تأثیر الم�ستخلصات على كما ثبت إنتاج الأجسام الحجریة، 
ـي   البروتین، الكربوهیدرات، والدهون في الغشاء البلازم
ـتقبلات      ـى م�س ـؤثر عل ـا ت لخلیة الفطر ونفاذیته، وأیض�

 . )Rani et al., 2006( الإنزیمات  النوویة

أكدت النتائج الم�تحصل علیها في هذه الدراسة فعالیة نبات 
ـى   حشیشة الأرنب یلیه نبات القُراص، وهذا ربما یعود إل
احتوائها على مركبات كیمیائیة تطورت كم�ضادات فطریة. 

لفطریة، م�قاومة العدوى اهذه النباتات قد تكون تكیفت بیئی�ا ل
ـروف       وبمعنى أ ـو المع ـانوي وه ـض ث ـدیها أی ـر ل خ
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ـبب   بالفایتوااكسینات الم�ضاد والم�قاوم لهجوم الفطریات بس
تعرضها الثابت للفطریات الم�تعایشة مع النبات المحصولي 

)Eloff et al., 2007(ـى أن  ، و أشارت دراسات عدیدة إل
ـیة   Helichrysumالنباتات التابعة للجنس  تنتج مواد أیض

ثانویة وزیوت تعمل كم�ضادات فیروسیة، م�ضادات فطریة، 
 & Bigović et al., 2017; Sobhy( م�ضادات میكروبیة

El-Feky, 2007; Tomás-Barberán et al., 1990(.  

ـي     ـة ف ـواد الفعال أثبت الكشف الكیمیائي اللوني على الم
ـولات،  م�ستخلص حشیشة الأرنب احتواءها م�ركبات  الفین

ـي  الفلافونیدات، الجلایكوسیدات، التینینات، التریبونات و ه
 Akrout( لها قدرة عالیة على الذوبان في الماء مركبات

et al., 2012( ،ـ اضاد�رنب م�حیث تعمل حشیشة الأ   اقوی�
ـود م�  ـدات   للفطر والتي ربما ترتبط بوج ـات الفلافونی ركب

 Cushnie( المعروفة بتضادها القوي للفطریات والبكتیریا

& Lamb, 2005; Saravanakumar et al., 2009(.  

ـة الأ  لزیتزیئي التركیب الج�دراسات  ـب  نبات حشیش رن
ـت  سجَّ للجنس نفسهخرى تابعة أصناف أو لت احتواء الزی

ـن الم�  ـات  على مجموعة م ـن   ركب ـان م ـا أك -β :همه
caryophyllene  ،α-humulene ،α-pinene 

-limonene  )Roussis et al., 2002; Sobhy & Elو

Feky, 2007(،  لى قدرتها على إویعود فعل الفلافونیدات
بروتیني قابل عقد التداخل مع البروتینات الخلویة وتكوین م�

ـة   للذوبان في الماء خارج  الخلیة م� ـدار الخلی كون من ج
 ,Batchelder( غشیة البلازمیة للمیكروب بعد تمزیقهاوالأ

2004; Tsuchiya et al., 1996(،   ـة كما سجلت الدراس
ـولات،  أیض�ا احتواءها على الفلافونیدات، ال تینینات والفین

ـة    ـیل الم�رتبط وهذا یعود إلى وجود مجموعة الهیدروكس
بمجموعة الفینول ذات العلاقة بس�مِّیَّة المیكروبات الم�جهریة 
ـع    ـداخل م عن طریق الإنزیمات المؤكسدة للفینولات والت

ـروتین    Sulfhydrylمجموعات  ـق الب خلال مراحل تخلی
)Arif et al., 2009(    ـواد ـة للم ـة الحیوی ، وتعود الفعالی

ـة  الأیضیة الثان ویة إلى حدوث تغیرات م�ورفولوجیة وخلوی
في الكائنات الدقیقة. هذه التغیرات ی�مكن أن تُدرس عینی�ا أو 

ـون    تحت الم�جهر. ـي ل تتضمن التغیرات العینیة تغییر�ا ف
ـم     ـا، وحج ـدد الخلای المستعمرة وشكلها، وتغیرات في ع
الخلیة، وشكل الخلیة، وعدد التراكیب الم�نتجة. فیما یتعلق 

ـورة   بت ـي ص أثیر الم�ستخلصات خلوی�ا ظهرت التغیرات ف
 RNAو  DNAخلایا فارغة من الم�حتویات، تثبیط تخلیق 

ـات     ـن أن الم�ركب ـلًا ع ، البروتین والجدار الخلوي، فض
الفینولیة تتداخل مع تخلیق الجدار الخلوي والغشاء الخلوي 

 وتؤدي إلى تحطمه وقتل الفطر. 

 استنتاج

ـة    سجَّلت الدراسة  ـات المائی ـة الم�ستخلص تباینًا في فعالی
للنباتات الم�ستخدمة ضد الفطر الم�م�رض، وكانت خُلاصات 
ـي    ـاءة ف الحرمل، والقُراص وحشیشة الأرنب أكثرها كف
ـن      ـا م ـتلاف م�حتواه ـى اخ تثبیط الفطر، وهذا یعود إل
ــادي  ــاطها التض ــة بنش ــة المعروف ــات الكیمیائی الم�ركب

خال نبات تقلیدي واسع الانتشار للمیكروبات الدقیقة، وأن إد
كم�بید طبیعي قد ی�ساهم في تقلیل تكالیف استعمال الم�بیدات 

 .في برامج م�كافحة أمراض النبات
 

 الأخلاقیات البحثیة

ـت     ـث الأول تح ـتیر للباح البحث جزء من رسالة ماجس
ـور    ـات والص إشراف الباحث الثاني، كما أن جمیع البیان

 أصیلة ولیست م�قتبسة.

جزء من  المخطوطةان یعلن المؤلفون  :جیة الاهتمامازدوا
 .رسالة ماجستیر

ـتیر    مساهمات المؤلف: ـالة ماجس ـن رس  البحث مستل م
ـة  عن  لهو المسؤو الثانيوالمؤلف  ـذه النسخة النهائی  له

 المخطوطة. 
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